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Abstract: We present a case report of intramuscular
autotransplantation of the parathyroid cell suspension acquired after
total parathyroidectomy. A 15-yr-old female patient who had been
undergoing hemodialysis due to chronic renal failure for eight yr was
diagnosed with secondary hyperthyroidism and subsequently
underwent total parathyroidectomy. The parathyroid cells were
acquired from the resected tissues, processed through isolation and
cultivation phases, and counted using a cell counter. A total of
two million cells were injected into the left deltoid muscle using a 22-
gauge needle. After surgery, five and 10 million cells were injected in
the fifth and 12 week, respectively. The desired serum levels of
parathyroid hormones and calcium were not achieved after the first two
transplantations. In addition, there was no regression in the patient’s
symptoms. However, at four wk after the third transplantation, serum
parathyroid hormone level did not decrease to <3 pg/mL, the patient
was asymptomatic, and the oral treatment was stopped. Our findings
indicate that this new technique is applicable because it is minimally
invasive, and it can be easily repeated.
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The treatment of renal hyperparathyroidism is
continuously evolving. Patients with hyper-
parathyroidism secondary to CKD are some-
times treated with subtotal parathyroidectomy
(1, 2). Several non-invasive treatment methods
that reduce the PTH, increase the calcium,
and decrease the bone turnover have been
developed for patients with CKD. However,
some cases may require surgical intervention
(3–6).
There are two fundamental approaches in

the surgical treatment of secondary hyperpara-
thyroidism in patients with CKD: subtotal
parathyroidectomy or total parathyroidectomy
with autotransplantation. The second technique
is preferred because it is easy and carries a low

risk of complication in case of recurrence.
Autotransplantation, coined by Wells, involves
implanting the resected parathyroid tissue into
the muscle – usually the forearm muscles (7).
In this study, we present the results of our new

minimally invasive parathyroid transplantation
technique performed on a 15-yr-old patient who
had total parathyroidectomy due to secondary
hyperparathyroidism.

Methods

The 15-yr-old female patient with CKDwho had been receiv-
ing hemodialysis for eight yr was referred to the Bezmialem
Vakif University Department of General Surgery, Field of
Endocrine Surgery outpatient clinic with the diagnoses of
treatment-resistant secondary hyperparathyroidism. The
patient had been using sevelamer hydrochloride (Renagel�

Sanofi-Aventis, Istanbul, Turkey) 2 9 800 mg for more
than two yr, calcium carbonate (Antifosfat CC�; Assos
Pharmaceuticals, Istanbul, Turkey) 6 9 500 mg, and
cinacalcet HCl (Mimpara�, Istanbul, Turkey) 1 9 60 mg.
Serum PTH > 1900 pg/mL, and calcium was 9.3 mg/dL.

Abbreviations: CKD, chronic kidney disease; FBS, fetal
bovine serum; PBS, phosphate-buffered saline; PTH, Para-
thyroid hormone.
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The patient received an operation preparation with the
purpose of autotransplantation and a total parathyroidec-
tomy. The Bezmialem Vakif University local human ethic
committee approved this study. Because the patient was
under 18 yr of age, both she and her mother were orally
informed of the risks and benefits of the study and their
written consents were obtained.

Total parathyroidectomy was performed using a stan-
dard Kocher incision with the patient under general anes-
thesia. One half of all the excised parathyroid tissues
were sent to the pathology department for histopatho-
logic evaluation, and the remaining half were sent to
parathyroid transplantation laboratory kept in a culture
medium, which is composed of 4 mL of AmnioMAXTM

II Complete Medium (cat. no: 11269-016; Gibco Life
Technologies, Carlsbad, California, USA) with 20% inac-
tivated FBS (cat. no: 10500-064; Gibco Life Technolo-
gies) and 1% penicillin–streptomycin (cat. no: 15140-122;
Gibco Life Technologies) in a melting-ice solution at
4 °C for subsequent culturing immediately. After confir-
mation response of hyperplasia of the tissues from patho-
logical examination, our new cell culture and preparation
protocol was implemented. The main parts of the
resected tissues were washed with the culture medium five
times. The collected tissues were isolated from blood ves-
sels, gland capsule, connective and fatty tissues. Remain-
ing parathyroid tissue pieces were mechanically
disintegrated using a sterile filter in 19 PBS (cat no:
AM9624; Ambion Life Technologies, Carlsbad, Califor-
nia, USA) supplemented with 5% inactivated FBS under
sterile conditions in a biohazard safety cabinet (cat. no:
L.02131262, Mars Safety Class 2, SCANLAF, Lynge,
Denmark). Subsequently, the solution was filtered into a
15-mL tube using a sterile cell strainer (100 lm, cat.no:
352360, Falcon, BD Biosciences, NJ, USA) and mixed
with 600 lL deoxyribonuclease I (from bovine pancreas,
A3778-0010; AppliChem, Darmstadt, Germany). After
centrifugation at 200 9 g. for five min at room tempera-
ture, the supernatant was removed and the pellet was
rapidly suspended in 1 mL of culture medium. The cell
viability was 85.79% as assessed by Muse™ Cell Ana-
lyzer (cat.no: 0500-3115 Merck Millipore Darmstadt,
Germany). The counted cells (approximately 50% para-
thyroid cells of 320 9 106 cells) were used for cultivation.
The cell suspension was cultivated in two flasks (cat.no:
sc-200262,UltraCruz™, Santa Cruz Biotechnology, Dal-
las, TX, USA), each containing 10 mL of the culture
media and kept in the incubator (CCL-170B-8; ESCO,
Singapore City, Singapore) at 37 °C, 5% CO2-containing
humidified atmosphere for 24 h. The upper medium in
one of the flasks was transferred into a 15-mL tube, the
cellular monolayer was washed with 4 mL PBS, and
then, 300 lL trypsin (25300-054; Gibco, UK) was added
to the flask and kept in the incubator to detach the cells
from the flask for five min and transferred into a tube.
After centrifugation at 200 9 g for five min, the superna-
tant was removed and the pellet was suspended in 1 mL
of cell culture media; 145 9 106 living cells in 1 mL cul-
ture media were detected.

The cell suspension was transferred into a
microcentrifuge tube and centrifuged at 200 9 g for
five min. The pellet was suspended in 2 mL of the recipi-
ent’s blood serum for cell transplantation. The rest of cells
were then cryogenically stored in culture media after mixing
with 5% DMSO (cat.no: sc-202581, ChemCruz™, Santa
Cruz Biotechnology) using a controlled-rate freezer.

To avoid recurrence of hyperparathyroidism, the pro-
cess of autotransplantation was performed gradually,
increasing number of cells. At the second postoperative
week, we injected two million cells in the left deltoid
muscle using 22-gauge needles into a total volume of
2 mL. In the follow-ups after the first transplantation,
the patient’s symptoms were not lost, and no increase
was detected in her PTH and calcium values. Thus, the
patient was injected five million cells in the seventh week.
Upon non-detection of clinical and biochemical recovery
in the follow-ups of the patient, the patient was injected
10 million cells postoperatively in the 12th week. We
observed the patient in the outpatient clinic.

Results

There were no complications following the total
parathyroidectomy. The patient was discharged
on postoperative day two with oral calcium (Cal-
cium Sandoz efervesan tablet�; Eczacibasi Co.,
Istanbul, Turkey) 3 g/day. The change in the lev-
els of serum PTH and calcium from before the
operation to after the third autotransplantation
is shown in Figs. 1 and 2. Serum PTH did not
drop below 3 pg/mL, and serum calcium
increased above 7 mg/dL four wk after the third
autotransplantation. In this period, calcium lev-
els did not decrease, and the patient’s symptoms
such as tingling, muscle aches and cramps, fati-
gue, and weakness disappeared. Thus, additional
treatments were deemed unnecessary; however,
because of the hungry bone syndrome, we con-
tinued regular outpatient follow-up.

Conclusion

The incidence of symptomatic hyperparathyroid-
ism is high in patients with CKD (8). According
to the European Dialysis and Transplant Associ-
ation, the incidence of parathyroidectomy in
renal patients is about five per 1000 patients per
year during the first 2–3 yr of dialysis (9). A total
of 15% and 38% of patients with CKD receiving
dialysis for 10 and 20 yr, respectively, require
parathyroidectomy (10). Parathyroidectomy is
usually performed in patients who cannot tolerate
or are resistant to medical treatment and who
lack sufficient regression in levels of PTH, cal-
cium, and phosphorus despite the use of calcitri-
ol, cinacalcet, and other vitamin D analogs (11).
The first study on parathyroid autotransplan-

tation was performed by Halsted in 1907, and he
achieved successful results in 61% of the dogs on
which he performed autotransplantation to the
rectus muscle and thyroid gland (12). Lahey was
the first person to apply parathyroid autotrans-
plantation to humans (13).
Different anatomic regions of the body are

preferred for the parathyroid tissue autotrans-
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plantation, such as the abdominal region, para-
sternal region, subcutaneous tissue of the fore-
arm, and sternocleidomastoid muscle (8, 14–17).
However, the most commonly preferred method
is the parathyroid tissue autotransplantation per-
formed between the forearm muscles, first
described by Wells et al. (7). This method is
widely used because the forearm is easily accessi-
ble. However, both Wells’ and the other auto-
transplantation techniques are invasive and lead
to scar development and complications such as
anatomic restriction (18).
In our study, parathyroid autotransplantation

was carried out by intramuscular injection of a

cell suspension after processing cells through iso-
lation and cultivation phases and counting them
with a cell counter. To the best of our knowl-
edge, this is the first report of such a method. A
similar approach was performed by Tan et al.;
however, in that study, the tissue was injected
intramuscularly with a wide injector after being
segmented, so the phases of cell isolation, culti-
vation, cell counting, and cell suspension were
not used (19). In the present study, a minced tis-
sue injection technique was compared with the
standard surgical technique, the result was 69%
with the injection group and 87% with the stan-
dard surgical group, and the difference was not

Fig. 1. The change in the values
of serum calcium from before
the operation to after the third
autotransplantation.

Fig. 2. The change in the values
of serum PTH from before the
operation to after the third
autotransplantation.
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significant. The recurrence rate was 12.9% in the
standard surgical group and 2.9% in the injec-
tion group.
In previous studies, fetal or adult bovine serum

and antibiotics similar to our culture environ-
ment were used and, as in our study, no allergic
reactions and complications were encountered
(20, 21).
The advantages of our technique are as follows:

It does not require an incision, it is minimally
invasive and easily applicable, and cell injections
can easily be repeated in case of treatment failure.
In fact, we performed the first autotransplanta-
tion using two million cells, which failed, follow-
ing which we increased the number of cells to
five million and eventually to 10 million.
Because the clinical and biochemical results

that were expected from the first two transplan-
tations were not obtained, we needed to increase
the number of cells in the third transplantation.
The success of the final transplantation could
explained by one or more of the following rea-
sons: the number of cells administered, enhanced
cell-to-cell contacts that extend the lifetime of the
cells, the two previous transplantations being
unsuccessful due to the hungry bone syndrome
occurring prior to transplantation, and due to
saturation of the bones following the first two
transplantations.
A disadvantage of our technique is that it

requires a cell culture laboratory with the techni-
cal expertise to perform the cryopreservation
process. Furthermore, the long-term results of
this new technique are not clear, and further
studies are required to clarify this. Neverthe-
less, our findings show that short-term results are
satisfactory, and it is possible to repeat auto-
transplantation with the desired number of para-
thyroid cells.
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