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Objective: Thyroidectomy is the most common cause of hypocalcemia. Preservation of parathyroid glands in situ is
essential in preventing this complication. The aims of our study were to review patients who underwent parathyroid
gland autotransplantation during thyroidectomy, and to compare hypocalcemia rates in patients with and without
autotransplantation.

Material and Methods: Parathyroid gland autotransplantation was performed in 43 (7.9%) of 543 patients who un-
derwent thyroidectomy between 2008 and 2012.

Results: Forty-four parathyroid glands were autotransplanted in 43 patients, including 36 women and 7 men. The
median age was 55 (range: 30 to 68). The most common cause of autotransplantation was vascular comprise of
the parathyroid gland. Early postoperative hypocalcemia developed in 37% of patients with autotransplantation,
and none developed permanent hypocalcemia. Transient and permanent hypocalcemia rates were 9.6% and 0.4%
in patients without autotransplantation, respectively. The risk of transient hypocalcemia was significantly high in
patients with parathyroid autotransplantation (p<0.001). There was no difference between the two groups in terms
of permanent hypocalcemia (p=0.156).

Conclusion: Despite meticulous dissection, parathyroid glands can be devascularized or removed inadvertently
during thyroidectomy. Parathyroid autotransplantation is the best method to maintain parathyroid gland function.
Although the risk of transient hypocalcemia is increased following parathyroid autotransplantation, long-term re-
sults are satisfactory.
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INTRODUCTION

Thyroid surgery is the most frequently performed operation in general surgery clinics, and constitute
1% of all medical diseases (1). The second most feared complication of thyroid surgery, following
recurrent laryngeal nerve (RLN) injury, is the development of hypocalcemia. The most common cause
of hypocalcemia is post-surgery hypoparathyroidism (2). Hypocalcemia may develop in the imme-
diate postoperative period and may improve in several weeks (transient hypocalcemia), or it may
persist for more than 6 months after surgery, in which case is called permanent hypocalcemia. Hypo-
calcemia manifests with paresthesia, mental status changes, neuromuscular irritability, and muscle
spasm. Chronic hypocalcemia can lead to cataract formation, calcification in the cerebellum and basal
ganglia, peripheral neuropathy, and cardiac problems. These patients require lifelong calcium and
vitamin D supplements.

Although subtotal thyroidectomy has been applied in the past to decrease the rate of thyroid sur-
gery related complications, currently total and near-total thyroidectomy are the most frequently per-
formed surgeries in benign multinodular goiter. This situation has led surgeons to pay more attention
to preservation of the parathyroid gland function during surgery.

Although the rate of permanent hypoparathyroidism is reported between 0-43% in the literature, the
current acceptable hypoparathyroidism rate in endocrine surgery is 1-2% (3, 4). The best way to avoid
this complication is careful and meticulous dissection, ligation of the inferior thyroid artery branches
separately at the thyroid capsule in order to prevent damage to parathyroid gland vascularization.
Despite all precautions, unintentional parathyroidectomy during thyroidectomy can be detected at
a rate of 9-19% (5). In the event of unintentional excision of the parathyroid glands or impairment of
its vascular supply, the gland’s functions may be preserved by parathyroid autotransplantation (PA).

The aim of this study was to determine hypocalcemia rates by reviewing thyroid patients with para-
thyroid autotransplantation during surgery, and to compare hypocalcemia rates in patients with and
without autotransplantation.



MATERIAL AND METHODS

Data of patients with parathyroid autotransplantation within
543 patients who underwent total or near-total thyroidectomy
in Sisli Etfal Training and Research Hospital General Surgery
Clinics between 2008-2012 were retrospectively analyzed.
Indications for surgery, location of the removed parathyroid
gland, the reason for autotransplantation and the number
of autotransplanted glands, and presence of postoperative
hypocalcemia were recorded. The rate of transient and per-
manent hypocalcemia in thyroidectomy patients without au-
totransplantation was also determined. Written consent was
obtained from all patients before surgery. An ethics commit-
tee approval was obtained from the ethics committee of our
hospital before the study.

Surgical Technique

Capsular dissection technique was applied in both total and near-
total thyroidectomy. The recurrent laryngeal nerve was identified
at the point where it crosses the inferior thyroid artery and was
followed along its course and preserved. The artery and vein
branches were ligated separately over the thyroid gland and tran-
sected. An extra dissection was not carried out during the opera-
tion to visualize the parathyroid glands. Parathyroid glands with
impairment in vascular supply during capsular dissection, those
localized in such a position that cannot to be dissected without
deterioration in vascular supply, and those located directly on
the capsule were excised. If a darkening in the glands’ color was
detected during dissection, due to venous congestion, then the
capsule was opened and the parathyroid glands regaining their
normal color after drainage of venous blood were left in situ. In
those where the color did not improve, the glands were excised.
When in doubt, especially for malignant cases, the parathyroid
tissue was confirmed by frozen section. After removing the speci-
mens, they were carefully evaluated on the operating table, and
if inadvertently removed parathyroid glands were identified they
were excised for transplantation. The excised parathyroids were
kept in physiologic saline. In the final stage of the operation, the
parathyroid glands were sliced into pieces of 1x1 mm in size.
Separated pockets were prepared within sternocleidomastoid
muscle fibers on the same side for each 3-4 pieces. After the para-
thyroid slice was implanted in the pocket the muscle was closed
with a 4/0 prolene suture and marked.

Postoperative follow-up

Post-operative paresthesia around the mouth and in the ex-
tremities, muscle spasms, Chvostek and Trousseau signs were
evaluated from patient files. The routine calcium (Ca) and
parathyroid hormone (PTH) measurements on postoperative
24 and 48 hours, 7 days, 1, 3 and 6 months were obtained from
hospital records. Hypocalcemia was defined as a postoperative
blood calcium (Ca) level below 8 mg/dL. Postoperative hypo-
calcemia for less than 6 months was defined as transient and
those that lasted longer as permanent hypocalcemia. Patients
who developed hypocalcemia and had a Ca value of 7-8 mg/
dL were started on oral Ca preparations. Intravenous Ca glu-
conate was administered to symptomatic patients and those
with a Ca value below 7 mg/dL. When symptoms resolved,
and Ca level increased to >8 mg/dL, they were given oral
treatment and active vitamin D. Calcium and PTH levels were
observed daily until discharge in patients with hypocalcemia.
Patients who were stabilized with treatment were discharged
and followed-up in the outpatient clinic.
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Statistical Analysis

The transient and permanent hypoparathyroidism rates in
thyroidectomy patients with and without PA were compared
by the Z test. The two groups were compared with chi-square
and Fisher’s exact test in terms of indications and extent of
surgery. p values less than 0.05 were considered to be sig-
nificant.

RESULTS

Parathyroid autotransplantation was applied in 43 patients
out of 543 (7.9%) thyroidectomies. Thirty-six of the patients
were female and seven were male. The median age was 55
years (30-68). The indication for surgery was multinodular
goiter in 33 patients, thyroid cancer in 8 patients, and solitary
nodules in 2 patients. Two patients underwent lobectomy
and isthmectomy, 35 patients total thyroidectomy, and six
patients underwent near total thyroidectomy. Central neck
dissection was performed in four patients, and two patients
underwent both central and lateral neck dissection (Table 1).

The excised parathyroid glands were the right lower glands
in 15 patients, the left lower in 13, the right upper in 9, the
left upper in 5, and in ectopic location in 2 patients. Two
parathyroid glands were implanted in one patient (Table 2).
Thirty-nine glands within the autotransplanted 44 parathy-
roid glands were thought to have vascular insufficiency. Two
parathyroid glands that could not be separated from the thy-
roid and three parathyroid glands that were thought to be
suspicious and were confirmed by frozen section were im-
planted into the muscle (Table 3).

Postoperative hypocalcemia developed within the first 2
days in 16 of 43 patients (37%) with autotransplantation, 11
of which required intravenous Ca infusion while five patients
improved with oral Ca treatment alone. The median Ca value
in patients with hypocalcemia was 7 mg/dL (6.1 to 7.9 mg/
dL) and the PTH value was 13 pg/L (1-69 pg/L). At the end
of six months, no permanent hypocalcemia was observed in
any patient.

Table 1. Surgical indication and type of surgery

Indication Patient number Surgery

MNG 33 TT (27), NTT (6)
Thyroid cancer 8 TT+CND+LND
Solitary nodule 2 Lobectomy+isthmectomy

TT: total thyroidectomy; NTT:near total thyroidectomy; CND: central neck
dissection; LND: lateral neck dissection

Table 2. Location of the excised parathyroid glands

Location n
Right lower 15
Left lower 13
Right upper 9
Left upper 5
Ectopic 2




Oran et al.
Parathyroid autotransplantation and hypocalcemia

Table 3. Causes of parathyroid autotransplantation

Cause n
Vascular impairment 39
Not being able to dissect from the thyroid 2
Suspicious gland 3

In the group without PA, the surgical indications were mul-
tinodular goiter in 388 patients, solitary thyroid nodules
in 24, and thyroid cancer in 88 patients. There was no dif-
ference between the groups with and without autotrans-
plantation in terms of surgical indications (p=0.986). In
the group without autotransplantation, 420 patients un-
derwent total thyroidectomy, 52 near-total thyroidectomy,
and 28 patients underwent lobectomy. Twenty-nine pa-
tients underwent central, and six both central and lateral
neck dissections. The two groups did not differ in terms of
surgical extent (p=0.754). Within 500 patients who did not
undergo PA, 48 (9.6%) developed transient and 2 (0.4%)
had permanent hypocalcemia. The risk of development of
transient hypocalcemia was significantly higher in patients
who underwent autotransplantation as compared to those
who did not (p<0.001). There was no significant difference
between the two groups in terms of development of per-
manent hypocalcemia (p=0.156).

DISCUSSION

The rate of transient hypocalcemia after thyroid surgery
was reported as high as 83%, and of permanent hypocal-
cemia as 43% (3). Factors influencing this rate include the
skills and experience of the surgeon, good knowledge of
the anatomy of the parathyroid gland, underlying thyroid
pathology and the extent of resection (6, 7). Thyroid cancer,
substernal and recurrent goiter, Grave’s disease, thyrotoxi-
cosis, lymphadenectomy are reported as main risk factors
for the development of transient and permanent hypocal-
cemia (7-9).

Healthy parathyroid glands appear yellow-orange in color.
The upper parathyroid glands are located at the level of the
junction of 1/3 upper and middle parts of the thyroid gland,
over the upper branch of thyroid artery posterolateral to
the RLN. The lower parathyroids are located anterior to the
RLN, within 2 cm of the inferior thyroid artery-RLN cross,
but they can be detected in anywhere from the carotid bi-
furcation to the pericardium. The parathyroid glands are
supplied through a single artery in 80%, and in 80%, this ar-
tery is a branch of the inferior thyroid artery. Thyroidectomy
should be performed with capsular dissection technique,
i.e. ligation of tertiary branches of the inferior thyroid artery
separately on the thyroid capsule and mobilizing the para-
thyroid glands along with their blood vessels over the cap-
sule in order to preserve parathyroid gland vascularization
(10). The loss of parathyroid gland functions can also be
the result of edema or hematoma due to inappropriate use
of electrocautery. Inadvertent removal of the parathyroid
glands may also lead to hypoparathyroidism and hypocal-
cemia (11). In 40-50% of such cases, it has been found that
the parathyroid gland was located within the thyroid gland
(12). It is usually reported that at least two glands should be
injured for hypoparathyroidism to develop (13, 14).

However, normal looking parathyroid in its anatomic site does
not always guarantee normocalcemia. Such a parathyroid
gland may be detected to be avascular on pathologic exami-
nation and may not function postoperatively (14, 15). The is-
sue on how to make sure of the function of the parathyroid
gland is still controversial. Evaluation of the blood supply to
the parathyroid capsule by making an incision, examination
of blood flow by Doppler ultrasound, and intraoperative PTH
measurements are within recommended methods in this re-
gard. However, an ideal marker has not yet been identified
(16). Therefore, parathyroid autotransplantation has been rec-
ommended whenever the function of the parathyroid gland
is suspicious.

Lahey (17) has first proposed PA in 1926 in a case where the
parathyroid gland was removed during subtotal thyroidec-
tomy, in order to preserve its function. However, it did not
attract interest for a long period until publication of success-
ful biochemical and clinical outcomes of PA in patients with
hyperparathyroidism in 1975 by Wells (18). Parathyroid au-
totransplantation can be performed in two ways to prevent
permanent hypocalcemia. First, it can be applied immediately
or in the delayed period during surgery in patients with hy-
perparathyroidism (2, 3). Second, it can be used routinely or
selectively in thyroidectomy patients (4).

Parathyroid autotransplantation in case of an unintention-
ally removed parathyroid or a gland with impaired vascu-
larization is the only option for the gland to function and is
referred to as selective PA (4, 19). The development of per-
manent hypocalcemia despite all the attention and care en-
couraged surgeons to autotransplant one or more parathy-
roid glands during thyroidectomy, and it was reported that
the rate of permanent hypoparathyroidism is decreased to
below 1% with prophylactic routine autotransplantation (15,
20-23). There are two studies on the routine application of
autotransplantation by Ohman (24) and Kihara (25). Ohman
et al. compared patients where the glands were left in situ
and those with autotransplantation of all visualized glands,
and reported the permanent hypoparathyroidism rate as
43% in the group with autotransplantation. Kihara found
the rate of permanent hypoparathyroidism in patients with
autotransplantation as 21%, and reported that the PTH lev-
els fall to 50% of the preoperative value in 5-year long-term
follow-up. It is also noted that the routine practice of auto-
transplantation increases the rate of transient hypocalcemia
in several studies (16, 26). However, there is no agreement
in the literature on this subject. Testini (21) found the rate of
transient hypocalcemia to be lower in the group that under-
went routine autotransplantation than the group without
(17% vs. 45%). In our study, the rate of transient hypocalce-
mia was 37% in the group with autotransplantation and 9.6%
in patients without, and it was found that the difference was
significant. There was no significant difference between the
groups in terms of permanent hypocalcemia.

Palazzo et al. (16) reported that as the number of autotrans-
planted parathyroid glands increase the transient hypocal-
cemia rate also increased and they described the selective
approach in PA rather than routine autotransplantation of
well-vascularized parathyroid glands. In this approach, the
threshold for selective treatment is low, autotransplantation



of the parathyroid gland that is considered to have a minor
change in its pedicle and vascular supply is encouraged.

Promberger et al. (27) examined the role of parathyroid gland
color change in showing its function, and they compared the
control group where all four glands were visually normal with
the group with two gland autotransplantation (group 2) and
the group where despite serious discoloration in 3 or 4 glands
the parathyroids were left in situ (group 3). They determined
that the PTH and Ca levels improved more rapidly in the group
with color change as compared to the group with autotrans-
plantation. Thus, they reported that deterioration in color is
not a good indicator of function and is the result of venous sta-
sis and hemorrhagic infarction rather than impairment in arte-
rial supply. Therefore, it was stated that if the pedicles were
intact then the deterioration in color would be temporary.

Based on intraoperative PTH assays of 340 cases, Barczynski
(26) reported that performing autotransplantation decreased
the rate of transient hypocalcemia by half in comparison to
the group with routine transplantation. They suggested auto-
transplantation for patients with a PTH level less than 10 at the
end of the operation. Friedman (14) showed that the PTH level
was less than 10 if the number of damaged parathyroids were
three and above, and has proposed assessment of the para-
thyroid glands with biopsy and autotransplantation of those
with impaired vascularization. However, despite its high sensi-
tivity, it is known that a decreased intraoperative PTH does not
guarantee development of hypocalcemia (26).

Trying to view the parathyroid glands during thyroidectomy
is generally considered to be unnecessary (3). In addition, the
effort for this cause increases the possibility of postoperative
transient hypocalcemia (28, 29). Ideally, these glands should be
preserved in their place without compromising vascularization.
However, this is not always possible. Currently, there is no con-
sensus on PA in order to maintain parathyroid gland function
during thyroidectomy. However, autotransplantation of an un-
intentionally removed parathyroid or of a gland with impaired
vascularity is the only option for the gland to function and is
adopted by everyone. We also apply selective autotransplanta-
tion in our daily practice.

Since parathyroid re-exploration is usually not required after
thyroidectomy, the preferred transplantation site is often the
sternocleidomastoid muscle that can be accessed through the
same incision, but transplantation into the pectoralis major
and brachioradial muscles is also performed. In the generally
preferred implantation method, 3-4 parathyroid tissue slices
of 1 x 3 mm are being placed into separate pockets created
within the muscle and the site is marked with suture or clips
(4). A less preferred method is intramuscular injection of the
finely chopped tissue buffered in 2 cc balanced saline in the
form of a suspension (3). Pre-transplantation frozen section
is often performed if there is doubt on whether the tissue is
actually the parathyroid or not, or to avoid the possibility of
malignant tissue implantation in patients with malignancy (7).
Parathyroid glands may be confused with lymph nodes, thy-
roid tissue or fat tissue. Routine frozen examination is not al-
ways necessary both to maintain maximum parathyroid tissue
and to avoid loss of time and increase in cost. It was reported
that 93% of autotransplanted tissues without frozen section
was actually the parathyroid (5).
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The transplanted parathyroid tissue will spontaneously be re-
vascularized and innervated. It begins functioning usually in 2-4
weeks and regains full function in two months (30, 31). In our
series, we have seen that most cases with transient hypocalce-
mia improved within three months. We determine the function
of the autotransplanted parathyroid gland with biochemical
analysis. However, this does not always reflect the function
of the graft within the sternocleidomastoid muscle, since the
parathyroid tissue left in place continues to release hormones.
In cases where the gland is grafted to the arm, a PTH value that
is more than 1.5 times above the value from the other arm is
an objective indicator of graft function (4).

CONCLUSION

Thyroid surgery is the greatest risk factor for developing hy-
pocalcemia. Prevention of these complications by careful and
meticulous dissection of the parathyroid glands, and their in
situ conservation are important. Despite all the attention and
care during thyroidectomy, the nutrition of the parathyroid
glands may deteriorate or they may be unintentionally re-
moved. In this case, PA is the best way to protect the gland’s
function. The outcome after autotransplantation is very good
despite the high risk of transient hypocalcemia.

Ethics Committee Approval: Ethics committee approval was received
for this study from the ethics committee of Sisli Etfal Training and Re-
search Hospital.

Informed Consent: Written informed consent was obtained from pati-
ents who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - E. O., G.Y,, M. U, M. M; Design - E. O,,
G.Y., M. U, M.M;; Supervision - F.C., N.A,; Data Collection and/or Pro-
cessing - N.A,, E.P, B.C., E.O.; Analysis and/or Interpretation - F.C,, E.O,;
Literature Review - N.A,, E.P, B.C.; Writer - E.O,; Critical Review - M.U,,
G.Y., M.M,; Other - F.C.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has recei-
ved no financial support.

REFERENCES

1. Schulte KM, Réher HD. Medico-legal aspects of thyroid sur-
gery. Chirurg 1999; 70: 1131-1138. [CrossRef]

2. Moffett JM, Suliburk J. Parathyroid autotransplantation. En-
docr Pract 2011; 17: 83-89. [CrossRef]

3. Lo CY. Parathyroid autotransplantation during thyroidectomy.
ANZ J Surg 2002; 72: 902-907. [CrossRef]

4.  Akan A, Demirer S. Paratiroid hasar ve ototransplantasyonu In:
Tiroit. Isgér A, 1. ed. istanbul: Nobel Tip Kitapevi 2013.p.961-967.

5. Lo CY,Lam KY. Postoperative hypocalcemia in patients who did or did
not undergo parathyroid autotransplantation during thyroidectomy:
a comparative study. Surgery 1998; 124: 1081-1086. [CrossRef]

6. Bhattacharyya N, Fried MP. Assessment of the morbidity and
complications of total thyroidectomy. Arch Otolaryngol Head
Neck Surg 2002; 128: 389-392. [CrossRef]

7. Al-Dhahri SF, Mubasher M, Mufarji K, Allam OS, Terkawi AS. Fac-
tors predicting post-thyroidectomy hypoparathyroidism reco-
very. World J Surg 2014; 38: 2304-2310. [CrossRef]

8. Kalyoncu D, Géniilli D, Gedik ML, Er M, Kuroglu E, igdem AA, et
al. Analysis of the factors that have an effect on hypocalcemia
following thyroidectomy. Ulus Cerrahi Derg 2013; 29: 171-176.




10

Oran et al.
Parathyroid autotransplantation and hypocalcemia

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Uludag M. Tiroid ve paratiroid cerrahisi sonrasi hipokalsemi ve
tedavisi. Sisli Etfal Hastanesi Tip Biilteni 2014; 48: 161-175.
Prazenica P, O'Driscoll K, Holy R. Incidental parathyroidectomy
during thyroid surgery using capsular dissection technique. Oto-
laryngol Head Neck Surg 2014; 150: 754-761. [CrossRef]

Besler E, Aygiin N, Citgez B, Ozsahin H, Ferhatoglu MF, Mihmanli
M, ve ark. Total tiroidektomi sonrasi olusan hipokalsemiyi 6ngor-
mede multifaktoriyel skorlama sistemi olusturulabilir mi? Sisli Et-
fal Hastanesi Tip Blilteni 2014; 48: 227-233.

Bruining HA, Birkenhager JC, Ong GL. Causes of failure in operati-
ons for hyperparathyroidism. Sugery 1987; 10: 562-564.

Uruno T, Miyauchi A, Shimizu K, Tomoda C, Takamura y, Ito Y, et
al. A prophylactic infusion of calcium solution reduces the risk of
symptomatic hypocalcemia in patients after total thyroidectomy.
World J Surg 2006; 30: 304-308. [CrossRef]

Friedman M, Vidyasagar R, Bliznikas D, Joseph NJ. Intraoperati-
ve intact parathyroid hormone level monitoring as a guide to
parathyroid reimplantation after thyroidectomy. Laryngoscope
2005; 115: 34-38. [CrossRef]

Ahmed N, Aurangzeb M, Muslim M, Zarin M. Routine parathyro-
id autotransplantation during total thyroidectomy: a procedure
with predictable outcome. J Pak Med Assoc 2013; 63: 190-193.
Palazzo FF, Sywak MS, Sidhu SB, Barraclough BH, Delbridge LW.
Parathyroid autotransplantation during total thyroidectomy--
does the number of glands transplanted affect outcome? World J
Surg 2005; 29: 629-631. [CrossRef]

Lahey FH. The transplantation of parathyroids in partial thyroi-
dectomy. Surg Gynecol Obstet 1926; 62: 508-509.

Wells SA Jr, Gunnells JC, Shelburne JD, Schneider AB, Sherwo-
od LM. Transplantation of the parathyroid glands in man: clini-
cal indications and results. Surgery 1975; 78: 34-44.

Uludag M,Yetkin G, Citgez B, isgér A, Kebudi A. Tiroidektomide
paratiroid ototransplantasyonu. Sisli Etfal Hastanesi Tip Bulteni
2009; 43: 33-37.

Clark OH. Total thyroidectomy: the treatment of choice for pati-
ents with differentiated thyroid cancer. Ann Surg 1982; 196: 361-
370. [CrossRef]

Testini M, Rosato L, Avenia N, Basile F, Portincasa P, Piccinni G, et
al. The impact of single parathyroid gland autotransplantation

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

during thyroid surgery on postoperative hypoparathyroidism: a
multicenter study. Transplant Proc 2007; 39: 225-230. [CrossRef]
Komissarenko IV, Rybakov SI, Kovalenko AE. Prophylaxis and met-
hods of correction of the parathyroid insufficiency in surgical tre-
atment of the thyroid cancer. Klin Khir 2000; 2: 51-54.

Zedenius J, Wadstrom C, Delbridge L. Routine autotransplantati-
on of at least one parathyroid gland during total thyroidectomy
may reduce permanent hypoparathyroidism to zero. Aust N Z J
Surg 1999; 69: 794-797. [CrossRef]

Ohman U, Granberg PO, Lindell B. Function of the parathyroid
glands after total thyroidectomy. Surg Gynecol Obstet 1978; 146:
773-778.

Kihara M, Miyauchi A, Kontani K, Yamauchi A, Yokomise H. Reco-
very of parathyroid function after total thyroidectomy: long-term
follow-up study. ANZ J Sur 2005; 75: 532-536. [CrossRef]
Barczynski M, Cichon S, Konturek A, Cichonn W. Applicability of
intraoperative parathyroid hormone assay during total thyroidec-
tomy as a guide for the surgeon to selective parathyroid tissue au-
totransplantation. World J Surg 2008; 32: 822-828. [CrossRef]
Promberger R, Ott J, Kober F, Mikola B, Karik M, Freissmuth M,
et al. Intra- and postoperative parathyroid hormone-kinetics do
not advocate for autotransplantation of discolored parathyro-
id glands during thyroidectomy. Thyroid 2010; 20: 1371-1375.
[CrossRef]

Prazenica P, O’Keeffe L, Holy R. Dissection and identification of
parathyroid glands during thyroidectomy: association with
hypocalcemia. Head Neck 2015; 37: 393-399. [CrossRef]
Puzziello A, Rosato L, Innaro N, Orlando G, Avenia N, Perigli G,
et al. Hypocalcemia following thyroid surgery: incidence and risk
factors. A longitudinal multicenter study comprising 2,631 pati-
ents. Endocrine 2014; 47: 537-542. [CrossRef]

Lo CY, Tam SC. Parathyroid autotransplantation during thyroi-
dectomy: documentation of graft function. Arch Surg 2001; 136:
1381-1385. [CrossRef]

El-Sharaky MI, Kahalil MR, Sharaky O, Sakr MF, Fadaly GA, EI-
Hammadi HA, et al. Assessment of parathyroid autotransplantati-
on for preservation of parathyroid function after total thyroidec-
tomy. Head Neck 2003; 25: 799-807. [CrossRef]



