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Abstract
We evaluated our experience of subtotal parathyroidectomy (SP) for secondary hyperparathyroidism (SHP) cases. We evaluated
retrospectively our 150 SP operations due to SHP. Serious hypocalcemia (< 6.5 mg/dL) developed in 23 (15.3%) patients, and we
performed cryopreserved parathyroid cell autotransplantation in four cases with successful results. Recurrent hyperparathyroid-
ism developed in 3 (2%) cases, and persistent hyperparathyroidism was observed in 22 (14.6%) cases. Upon reoperation in nine
persistent hyperparathyroidism cases, we found supernumerary parathyroid glands in three cases, remnant tissue hyperplasia in
four cases, and ectopic parathyroid glands in two cases. Among cases in which four glands cannot be found during surgery, the
permanent HP rate is high. Serious hypocalcemia may develop postoperatively, and cryopreserved parathyroid
autotransplantation may be inevitable in some of these cases.
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Introduction

The most common cause of secondary hyperparathyroidism
(SHP) is chronic renal failure. Themechanism of SHP in chronic
renal failure is not clear, but imbalance among serum levels of
calcium, phosphate, and vitamin D is an important part of the
physiopathological process. Regardless of themechanism, serum
levels of parathormone (PTH) are markedly high and all para-
thyroid glands exhibit nodular or diffuse hyperplasia [1].
Although the first step in the treatment of SHP is the administra-
tion of vitamin D preparations, phosphate-binding pharmaceuti-
cals, and calcimimetic agents, 15–40%of patients do not respond
to this treatment and their serum levels of calcium, phosphate,
and PTH continue to increase [2].

Subtotal parathyroidectomy (SP) may be necessary in such
cases. Successful parathyroid surgery increases patients’ qual-
ity of life and contributes to the success of renal

transplantation [3, 4]. In this study, we evaluated the results
of SPs that we performed in 150 patients with SHP.

Methods

The protocol for this retrospective clinical study was approved
by the human ethics committee of Bezmialem Vakif
University. All patients were informed about the study, and
written informed consent was obtained. Of the 178 patients
diagnosed with SHP in the Bezmialem Vakif University
Endocrine Surgery outpatient clinic between June 2013 and
December 2017, 150 patients (82 men, 68 women; sex ratio,
1.2; age range, 26–69 years; mean age, 39.5 years) were ran-
domized according to the following criteria and underwent SP.
Two surgeons with endocrinology experience performed all
SPs. Operated cases met the following criteria, defined ac-
cording to the 2012 and 2016 Kidney Disease Improving
Global Outcomes guidelines (10): end-stage chronic renal fail-
ure; renal dialysis not less than twice per week; serum levels of
PTH > 500 pg/mL; hyperphosphatemia and/or hypercalcemia
and/or Ca × P > 70 mg; resistance to conventional medical
therapy; and one or more of the following intensified clinical
symptoms: ostalgia and arthralgia, pruritus, pathological frac-
ture, metastatic and vascular calcifications, and signs of
calciphylaxis.
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Patients were evaluated preoperatively by neck ultrasonog-
raphy and methoxy isobutyl isonitrile scanning. Serum calci-
um (normal range, 8.0–10.2 mg/dL) and phosphorus (normal
range, 2.5–4.5 mg/dL) levels of all patients were evaluated
after normalizing serum vitamin D (normal range, 20–50 ng/
mL) level.When the serum albumin level is lower than normal
range (3.4–5.4 g/dL), we used serum albumin level correction
formulation for evaluation of serum calcium level (serum cal-
cium [mg/dL] + 0.8 (4.0 − serum albumin [g/dL]).
Hemodialysis was performed without heparinization on the
day before surgery or the morning of the operative day.
According to the standard SP procedure, four parathyroid
glands were searched intraoperatively; three glands were
completely resected and the fourth gland was partially
resected, leaving about 1 cm3 tissue volume. The parathyroid
tissue to be left in the patient was marked with two medium
metallic clips.

When four glands were found, the surgeons did not search
for supernumerary glands. When four glands were not found,
the thyrothymic ligament, peritracheal, periesophageal, and
pericarotideal regions were investigated. Thymectomy was
performed when the gland(s) was not found.

All excised glands were bisected; one-half of each gland
was sent to the pathology laboratory for routine histopatho-
logical evaluation and the other half was sent to our cryopres-
ervation laboratory in an Eppendorf tube under sterile
conditions.

Patients were not discharged for at least 2 days after sur-
gery. Patients who exhibited significant reduction in serum
levels of calcium (to ˂ 7 mg/dL) and/or significant hypocal-
cemic symptoms were admitted and treated with calcium and
vitamin D preparations until they reached a normocalcemic,
asymptomatic state.

Patients underwent blood testing and physical examination
on postoperative days 1, 3, and 7 and then at 1, 3, and
6 months. Persistent HP was defined as serum levels of PTH
> 300 pg/mL and/or calcium levels > 10 mg/dL in the first
6 months postoperatively. Recurrent HP was defined as serum
levels of PTH > 300 pg/mL and/or calcium levels > 10 mg/dL
after 6 months postoperatively.

Results

The mean duration of chronic kidney disease was 92 months
(range, 12–153 months) and hemodialysis was 53 months
(range, 16–137months). Themean duration of the SP operations
was 58 min (range, 35–205 min). The mean follow-up period
was 28 months (range, 2–55 months). The mean duration of
hospitalization was nearly 3.5 days (range, 2–13 days). Four
parathyroid glands were found intraoperatively in 141 (94%)
patients but not in 9 (6%) patients. Four (45%) of these nine
cases progressed to permanent HP, but no permanent HP or

recurrent HP was observed in the remaining five (55%) cases.
Three hemithyroidectomies were performed due to an
intrathyroidal parathyroid gland (n = 1) and suspected malignant
thyroid nodules (n = 2). No recurrent laryngeal nerve injuries
occurred, but transient unilateral paresis was noted in two
(1.3%) cases. Serious hypocalcemia (serum calcium < 6.5 mg/
dL) was observed in 23 (15.3%) patients; the mean serum levels
of calciumwere 5.6mg/dL (range, 3.4–6.5mg/dL). Serum levels
of PTH on postoperative day 1 were < 50 pg/mL in 11 of these
23 cases, < 100 pg/mL in nine cases, and < 300 pg/mL in three
cases (Table 1). Four (2.6%) of these patients did not reach a
normocalcemic and/or asymptomatic state. Their serum levels of
calcium on postoperative day 1 were < 50 pg/mL, and we per-
formed parathyroid autotransplantation at a mean of 8 days after
surgery (range, 6–10 days; Table 1).

For autotransplantation, we gradually dissolved cryopre-
served parathyroid tissues by removing them from a freezer
at − 80 °C. The tissues were disrupted by mechanical isolation
and autotransplanted by injection into the deltoid muscle with
2 mL of physiological serum. After transplantation, all of
these patients became asymptomatic and were discharged
within several days.

Nine patients died. One patient (a 66-year-old woman) died
on postoperative day 4 due to acute myocardial infarction in
the intensive care unit. The other eight patients died of non-
surgical (metabolic) reasons with a mean of 16 months (range,
9–51 months) after surgery.

Three (2%) cases progressed to recurrent HP in postopera-
tive months 9, 14, and 23, respectively (Table 1). Twenty-two
(14.6%) cases progressed to persistent HP. In 16 of these
cases, we readily found four parathyroid glands in natural
anatomic locations intraoperatively and had no intraoperative
difficulties (e.g., prolonged operation time, thyroid anomalies,
ectopic or supernumerary parathyroid glands). In 4 of the 22
cases, one gland was not found intraoperatively; we experi-
enced some difficulty with two of these cases due to ectopic
thyroid tissue and location of both inferior parathyroid glands
in the thymus, respectively. Nine of these patients had persis-
tent HP and underwent reoperation; three of these patients had
supernumerary glands (five in two cases, six in one case), four
had remnant parathyroid tissue hyperplasia, and two had ec-
topic parathyroid tissues (one in the superior mediastinum,
excised with a neck incision; one in the inferior
mediastinum, excised with a thoracoscopic approach;
Table 2).

Discussion

SHP may cause serious complications, including metabolic
bone disease, severe atherosclerosis, and cardiovascular
events [5]. Although vitamin D, phosphate-binding drugs,
and calcimimetic agents are options for medical treatment,
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parathyroid surgery is required in about 20% of patients after
3–10 years of dialysis and in up to 40% of patients after
20 years [6, 7].

Surgical approaches for the treatment of SHP have some
controversial aspects, including indications for operation
[8–10], type of surgery selected (total or subtotal parathyroid-
ectomy, immediate autotransplantation or not) [9, 11], and
postoperative observation procedures (calcium supplementa-
tion alone, vitamin D and calcium supplementation, or none)
[12, 13].

Hypercalcemia, hyperphosphatemia, and HP are silent and
asymptomatic conditions when no serious bone damage oc-
curs. Patients do not want to accept surgical intervention in the
absence of serious symptoms or drug-related side effects (par-
ticularly those related to new-generation phosphate-binding
agents) [14, 15].

Medical center and surgeon experience is the most impor-
tant factor for successful SHP surgery, as with some other rare
surgical interventions. Results of inexperienced centers are
directly related to persistent and recurrent HP [6, 16].

Bezmialem Vakif University is the only center in Turkey
that is licensed to perform parathyroid allotransplantation. Our
donors are patients with SHP, and we have very close relation-
ships with dialysis centers with so many SHP cases that are
referred to our clinic. Hence, we have abundant experience
with SHP surgery.

In our series, only 2% of patients developed recurrent HP.
Other studies have reported rates of 4–10% [6, 17, 18]. Close
follow-up to ensure calcium sensing receptor stimulation and
secretion balance clearly prevents or delays the hyperplasic
stimulation of remnant tissue [16, 17]. Thus, we follow our
patients very closely postoperatively, with careful use of cal-
cium and vitamin D supplementation and organized regular
dialysis. Our relatively low rate of recurrence may be related
to this approach.

We observed persistent HP in 22 (14.6%) cases. This per-
centage ranges from 5 to 34% in the literature [11, 19]. We did
not have any technical difficulties during surgery in 16/22
cases of persistent HP; we readily found four parathyroid
glands and no ectopic parathyroid tissue or congenital anom-
alies affecting the thyroid and/or parathyroid glands, with no
prolongation of the operation time. The main factor for
preventing permanent HP is the identification of four parathy-
roid glands during surgery. The surgeon must insist on finding
four glands in difficult cases, and, when necessary, not hesitate
to perform thymectomy [20, 21]. According to this recom-
mendation, we insisted on finding four glands in all of our
operations and performed thymectomy when necessary, but
we did not find all of the glands in nine (6%) cases. Four of
these nine patients developed permanent HP, as expected, but
surprisingly, five of these patients were normoparathyroidic
and normocalcemic at a mean of 28 months postoperatively.

Table 2 Operative findings of reoperated 9 persistent HP cases

Primer operation findings Reoperation Findings

Four parathyroid glands obtained, standard subtotal resection procedure used Fifth gland obtained in the retroesophageal space

Four parathyroid glands obtained, standard subtotal resection procedure used Fifth gland obtained in posterior site of sternum

Four parathyroid glands obtained, standard subtotal resection procedure used Fifth gland obtained in thyroid tissue (thyroid lobectomy performed) and
sixth gland obtained in posterior site of left clavicula

Four parathyroid glands obtained, standard subtotal resection procedure used Remnant parathyroid tissue hyperplasia (from 10 to 30 mm3)

Four parathyroid glands obtained, standard subtotal resection procedure used Remnant parathyroid tissue hyperplasia (from 10 to 30 mm3)

Four parathyroid glands obtained, standard subtotal resection procedure used Remnant parathyroid tissue hyperplasia (from 10 to 25 mm3)

Four parathyroid glands obtained, standard subtotal resection procedure used Remnant parathyroid tissue hyperplasia (from 10 to 20 mm3)

Three parathyroid glands obtained, fourth cannot be obtained Fourth gland obtained in superior mediastinum and excised with
neck incision

Three parathyroid glands obtained, fourth cannot be obtained Fourth gland obtained in the mediastinum and excised with
thoracoscopic approach

Table 1 Results of all cases
Postop day 1 serum
PTH level (pg/mL)

Number
of cases

Recurrent
cases

Persistent
cases

> 3 days
hospitalization

Autotransplantation due to
serious hypocalcemia

˂ 50 39 - - 13 4

50–100 47 1 - 9 -

100–150 24 1 - 3 -

150–300 18 1 - - -

> 300 22 - 22 - -
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The mechanism of this situation is not clear, but the missing
glands may have been healthy, rather than hyperplastic.

We reoperated in nine cases of persistent HP and found
supernumerary parathyroid glands in three cases (five in two
cases, six in one case), remnant tissue hyperplasia in four
cases, and ectopic parathyroid tissue in the superior and infe-
rior mediastinum, respectively, in two cases. Dumitras et al.
found supernumerary glands in 7% of 202 SHP cases [27],
and Akerstrom found them in 13% of 503 autopsies of healthy
people. The authors do not recommend exploration for super-
numerary glands when intraoperative anomalies are not de-
tected and suggest that unnecessary exploration may increase
morbidity [20–22].

Pronounced postoperative hypocalcemia (Ca ˂ 7 mg/dL) is a
serious clinical situation. In this study, patients with serum levels
of PTH ˂ 50 pg/mL on postoperative day 1 were not discharged,
and they received supplementation with oral and/or intravenous
calcium and vitamin D preparations. When symptomatic hypo-
calcemia persists despite aggressive calcium and vitamin D sup-
plementation therapy, autotransplantation is indicated. For suc-
cessful autotransplantation in the postoperative period, patients’
parathyroid tissue must be cryopreserved and appropriate labo-
ratory conditions with trained staff are necessary [23–25].

Because we perform parathyroid allotransplantation, we
have a specific parathyroid cryopreservation laboratory and
trained staff. When no contagious disease is detected preoper-
atively, in SHP cases, we routinely send one-half of the ex-
cised parathyroid tissue to the pathology laboratory and the
other half to the cryopreservation laboratory. Reported success
rates of autotransplantation of cryopreserved parathyroid tis-
sue range from 20 to 100% [22, 25]. Many factors affect the
success of the procedure, but viability and functionality are the
main factors [26, 27]. All transplantations were successful,
and the patients were free from serious hypocalcemia and
other symptoms and discharged within 13 days in this study.

Therefore, the effort to find four parathyroid glands in each SP
operation is very important. Among cases in which four glands
cannot be found during surgery, the permanent HP rate is high;
however, abou t ha l f o f these pa t i en t s become
normoparathyroidic postoperatively for unknown reasons. On
the other hand, persistent or recurrent HP may develop in cases
in which four glands are found intraoperatively. Serious hypocal-
cemia may develop postoperatively, and cryopreserved parathy-
roid autotransplantation is inevitable in some of these cases.
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