
Abstract. This article reviews epidemiology, risk factors and
treatment modalities of postsurgical hypoparathyroidism
(PHypo). PHypo occurs after total thyroidectomy due to
injury of parathyroid glands and/or their blood supply or
after parathyroidectomy. PHypo results in hypocalcemia
because parathyroid hormone (PTH) secretion is impaired
and cannot mobilize calcium from bone, reabsorb calcium
from the distal nephron and stimulate renal 1α-hydroxylase
activity. It usually appears in the first days after surgery and
it can be symptomatic or asymptomatic. Risk factors are low
level of intraoperative PTH and presence of parathyroid
gland in the pathological specimen. Patients usually present
with paresthesia, cramps or tetany, but the disorder may also
manifest acutely with seizures, bronchospasm, laryngospasm
or cardiac rhythm disturbances. Standard treatment is
vitamin D analogues and calcium supplementation. 

Hypoparathyroidism (PHypo) is a relatively uncommon
disease. Its main characteristics are hypocalcaemia, elevated
serum phosphorus levels and low or inappropriately normal
plasma levels of parathyroid hormone (PTH) (1, 2). It is most
possible to occur following a bilateral neck exploration during
parathyroidectomy, after total thyroidectomy or during a
reoperation for thyroid or parathyroid diseases. It is
accidentally caused either by the removal or the damage of

parathyroid glands during a surgical procedure at the neck or
most frequently due to direct injury or devascularization of the
parathyroid glands. Patients usually present with symptoms,
such as cramps, paresthesia, tetany and rarely with more severe
symptoms, such as seizures, laryngospasm, bronchospasm or
cardiac rhythm abnormalities. The symptoms can be presented
acutely after surgery or can occur later; if symptoms remain
six months after surgery, the postoperative PHypo is considered
as permanent. The prevalence varies according to different
studies, expertise and surgeons’ experience. 

Pathophysiology

Parathyroid secretory reserve is abundant, thus, significant
injury must occur before PHypo develops. It is estimated that
one normal gland is adequate for the preservation of calcium
homeostasis (1). The central function of PTH is to regulate
ionized [Ca2+] levels by concerted effects on three principal
target organs: bone, kidney and intestinal mucosa. In a normal
individual, PTH stimulates bone resorption and the release of
Ca+2 into the circulation. In the kidney, PTH promotes Ca+2

reabsorption and inorganic phosphate (Pi) excretion in the
urine. Furthermore, PTH stimulates the hydroxylation of 25-
hydroxyvitamin D3 at the 1-position, leading to formation of
the active form of vitamin D (calcitriol). Vitamin D increases
intestinal absorption of dietary Ca+2 and renal reabsorption
of filtered Ca+2. In bone, vitamin D increases bone resorption
with a resulting increase in the release of Ca+2 and Pi into the
circulation.

PHypo results in hypocalcaemia because PTH secretion is
impaired and cannot mobilize calcium from bone. Moreover,
in the kidney, lower PTH levels result in lower Ca2+

reabsorption and lower Pi excretion in the urine and reduced
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or absent hydroxylation of 25-hydroxyvitamin D3 at the 1-
position, leading to less formation of calcitriol. As a
consequence of insufficient 1,25-dihydroxyvitamin D,
(1,25[OH]2Vitamin D), intestinal absorption of calcium is
reduced. The biochemical findings in PHypo are shown in
Figure 1. 

Prevalence

Hypocalcaemia is a common complication after thyroid
surgery. It usually occurs in the first days after surgery and it
can be symptomatic or asymptomatic. The frequency of
transient PHypo after thyroid surgery is between 6.9 and 49%
(3-6), whereas that of permanent PHypo varies between 0.4%
and 33% (1, 7). Most studies underline the significance of
expertise and experience. 

Risk Factors

Low preoperative level of serum calcium is a risk factor for
the development of transient hypocalcaemia (8). Studies have
shown that patients who received vitamin D and calcium
postoperatively suffered less from hypocalcaemia (9, 10). The
severity of hypocalcaemia seems to be remarkably higher in
those with lower than normal preoperative vitamin D levels
(11, 12). PTH level has also been suggested as a reliable
marker of postoperative permanent PHypo (13, 14). Besides,
a low level of intraoperative PTH -at any time after the
resection of the thyroid gland to ten minutes after the skin’s
closure- was related with transient hypocalcaemia (15-18).
Postoperative low serum magnesium levels were associated
with transient hypocalcaemia (19).

Furthermore, according to additional studies, women were
found to have significant higher rates of hypocalcaemia (4,
7), whereas other studies showed that gender has no
significant effect on the incidence of hypocalcaemia (20, 21).
There are conflicting data about the effect of age in the
development of postoperative hypocalcaemia (22-24). 

The incidence of hypocalcaemia is higher when
thyroidectomy is combined with paratracheal lymph node
dissection, whereas the size of thyroid nodule had no
influence on the prevalence of hypocalcaemia according to
some studies (21). Injury of parathyroid glands and/or
damage of their blood supply during thyroidectomy,
incidental parathyroidectomy and failed autotransplantation
are independent risk factors for hypocalcaemia (20). The
surgical technique and the extent of thyroidectomy are
related to parathyroid injury, edema, infarction, ischemia or
incidental parathyroidectomy (22, 25). The extent of
thyroidectomy has a significant impact on the occurrence
of postoperative PHypo. Near total vs. total thyroidectomy
has an advantage to avoid postoperative PHypo, especially
in benign thyroid diseases (26). In total thyroidectomy for

carcinoma, the posterior capsule is usually removed with
the thyroid, hence the parathyroids are at high risk for
injury, which results in higher rates of PHypo (27).
Moreover, the rate of hypocalcaemia after a reoperation is
higher than the rate after the first surgery (28, 29). The
presence of parathyroid gland in the histopathologic
specimen (i.e., unintended removal of parathyroid gland)
and the surgeon’s experience were recognized as important
risk factors for permanent PHypo (30, 31). Selective
autotransplantation of one or more parathyroid glands was
related with transient hypocalcaemia independently of the
extent of thyroidectomy and neck dissection (32-34).
Increased thyroid specimen weight is another predictor of
transient hypocalcaemia (32, 35). 

Additionally, Grave’s disease is related to transient
hypocalcaemia and the presence of hyperthyroidism is a well-
established independent risk factor for the development of
postoperative hypocalcaemia (36, 37). Increased bone turnover
and difficult operations owing to increased vascularity of
thyroid gland could be possible explanations (38). 

The “hungry bone syndrome” is another cause of
postoperative hypocalcaemia and can be seen after successful
parathyroidectomy in patients with severe hyperparathyroid
bone disease preoperatively or in cases of severe
hyperthyroidism. Low serum calcium levels result from
remineralization of the bone when the stimulus for high bone
turnover (e.g., high PTH or thyroid hormone levels) is
removed. Independent risk factors for the development of
hungry bone syndrome are high preoperative alkaline
phosphatase level, blood urea nitrogen, age and parathyroid
adenoma volume (39). It can typically be distinguished from
postsurgical PHypo by the serum phosphorus, which is low
in the hungry bone syndrome, because of skeletal avidity for
phosphate and high in PHypo, as well as the serum PTH,
which becomes appropriately elevated in the hungry bone
syndrome. The main factors that are related to post-
thyroidectomy hypocalcaemia, according to different studies,
are summarized in Table I. 

Clinical Presentation

Patients with postsurgical PHypo usually present with
paresthesia, cramps or tetany, but the disorder may also
manifest acutely with seizures, bronchospasm, laryngospasm
or cardiac rhythm disturbances (40). 

Tetany, a state of spontaneous tonic muscular contraction,
is the typical clinical sign of severe hypocalcaemia. Tingling
paresthesia in the fingers and around the mouth indicate
overt tetany; carpopedal spasm is the classic muscular
component of tetany. The typical “main d'accoucheur”
posture is characterized by adduction of the thumb, flexion
of the metacarpophalangeal joints, extension of the
interphalangeal joints and flexion of the wrists. These
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automatic muscle contractions are painful. All muscles can
participate in tetany but the most dangerous is the spasm of
laryngeal muscles. 

Focal or generalized seizures can be seen in patients with
hypocalcaemia. Other clinical presentations are pseudotumor
cerebri, papilledema, confusion, lassitude and organic brain
syndrome. The basal ganglia are often calcified in patients
with long-lasting PHypo and this can be related to movement
disorders.

Other manifestations of hypocalcaemia include cardiac
effects (delayed repolarization, prolongation of QT, refractory
congestive heart failure), ophthalmologic effects (cataract)
and dermatologic effects (dry skin and brittle nails). 

The signs and symptoms of hypocalcaemia are shown in
Table II.

In most cases, parathyroid dysfunction after thyroidectomy
resolves within a few weeks or one month after surgery (41).
Postoperative PHypo is considered permanent if parathyroid
gland function has not recovered within six months after
surgery (4, 40, 42). Transient PHypo after neck surgery is
rather usual, often termed “stunning” of the glands; chronic
partial PHypo is less common, whereas chronic complete
PHypo is quite rare.

Recovery of parathyroid gland function is considered when
PTH levels are above 10 pg/ml and the patients did not require
daily calcitriol and calcium supplementation to avoid symptoms
of hypocalcaemia (31). Postoperative calcium values less than 8
mg/dl are considered as “biochemical hypocalcaemia”, while
the patients presenting paresthesia in the extremities and around
the mouth, with positive Chvostek’s and Trousseau’s signs, are
considered as “symptomatic hypocalcaemia’’ (37). In another
study, postoperative PHypo was defined as a documented
postsurgical serum calcium level of <7.6 mg/dl, with or without
symptoms, or postoperative serum calcium level of 4.0-8.4 mg/dl
with neuromuscular symptoms 2 days after surgery. The study
showed that a PTH level of ≤15 pg/ml or postoperative serum
calcium of ≤7.6 mg/dl on the day after surgery was related to
increased risk of postoperative PHypo (43). Most patients with
parathyroid dysfunction after thyroidectomy return to normal
function within a few weeks or one month after surgery (41, 44).
When PTH levels recover to at least 10 pg/ml and hypocalcemic
symptoms are absent the patient is considered euparathyroid
(45). According to additional reports, recovery is considered
when the patient does not require any more therapeutic calcium
or calcitriol supplementation to avoid symptoms of
hypocalcaemia (46, 47). 
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Figure 1. Biochemical findings in hypoparathyroidism.



Management

The goals of therapy are to control symptoms while
minimizing complications. Laboratory testing should involve
measurements of serum total and ionized calcium, albumin,
phosphorus, magnesium, creatinine, intact PTH and 25-
hydroxyvitamin D (25[OH] vitamin D) levels. Albumin-
corrected total calcium is calculated as follows:

Corrected total calcium=measured total calcium+ 0.8×(4.0−
serum albumin), where calcium is measured in milligrams per
deciliter and albumin is measured in grams per deciliter. 

Symptomatic hypocalcaemia is a medical emergency that
requires acute intravenous administration of calcium. Ten
milliliters of 10% calcium gluconate diluted in 100 ml 5%
dextrose is infused intravenously over 5-10 minutes (40). This
can be repeated until the resolving of patient's symptoms.
Administration of a calcium gluconate drip for longer periods
may be required, particularly with persistent hypocalcaemia.
The aim should be to raise the serum ionized calcium
concentration into the low normal range (approximately 
1.0 mM), preserve it at this level and control the patient’s
symptoms. Calcium gluconate is the preferred intravenous
calcium salt because calcium chloride irritates the veins and
should be avoided. Oral calcium supplementations and vitamin
D analogues should also be started. Intravenous administration
of calcium could cause arrhythmias and patients should be
under continuous electrocardiographic monitoring (1).

Patients with chronic hypocalcaemia can often tolerate
severe hypocalcaemia with minimal or no symptoms. Serum
calcium levels can be restored with oral calcium and vitamin
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Table I. Factors associated with post-thyroidectomy hypocalcaemia.

Factors References

Female sex (4, 12, 35, 71-73)
Older age (11, 12, 14, 74)
Grave’s disease (4, 15, 71, 75-78) 
Malignant pathology (15, 79, 80)
Large goiter (35, 81)
Long duration of surgery (15, 32, 35)
Few identified  patathyroid glands (34)
Heavy thyroid specimen (32, 35) 
Lower calcium before surgery (8, 15, 34, 35, 44, 82-84) 
Lower calcium after surgery (15, 17, 43, 79, 83-98)
Larger decline in postoperative calcium (15, 79, 81, 85, 86, 88, 92, 98, 99-104)
Higher preoperative PTH (84, 105, 106)
Lower intraoperative PTH (14-18, 75, 79, 84, 91, 93, 94, 97, 98, 107-109) 
Larger decline in intraoperative PTH (17, 19, 79, 91, 93, 107, 108, 110-112)
Low PTH after surgery (11, 15-17, 43, 79, 83, 86, 88, 89, 90, 94-96, 98, 101, 107, 108, 114-124)
Larger decline in postoperative PTH (16, 17, 79, 84, 98, 106, 107, 109, 113, 114, 118, 125, 126)
Low perioperative calcium and PTH (15, 17, 43, 94, 127, 128)
Low preoperative 25(OH)vitD (11, 12, 71, 116, 129)
Low magnesium after surgery (19, 106)
High phospate after surgery (17, 117)
Higher preperative alkaline phosphate (11, 12, 35, 130)

PTH: Parathyroid hormone.

Table II. Signs and symptoms of postsurgical hypoparathyroidism. 

Neuromuscular
• Paresthesias (mouth and extremities)
• Muscle spasms
• Seizures
• Chvostek sign
• Trousseau sign – main d’accoucheur
• Tetany  (clinical or latent)
• Laryngeal stridor
• Bronchospasm
• Coma
• Pseudotumor cerebri
• Papilledema

Cardiovascular 
• Arrythmia
• Hypotension

Other 
• Cataracts 
• Xeroderma
• Congestive heart failure

Surgical neck scar



D supplementations in patients who are asymptomatic or have
mild symptomatic hypocalcaemia. Although many calcium
salts can be used, oral calcium carbonate is the most
frequently prescribed salt. Calcium citrate, on the other hand,
is more consistently helpful in patients with achlorydria (48,
49). The usual doses of calcium are 1 to 3 grams of elemental
calcium in 3 to 4 divided doses with meals to warrant best
absorption. The general purpose of treatment is to preserve
serum calcium in the low normal or mildly subnormal levels.
The goal of chronic therapy is to maintain serum calcium
levels (albumin, adjusted total calcium or ionized calcium) in
the lower part or slightly below the lower limit of the
reference range (target range), with patients being free of
symptoms or signs of hypocalcaemia. Lower serum calcium
predisposes the patient to symptoms of hypocalcaemia and
cataract if the phosphate level is also high. When serum
calcium concentrations are in the upper normal range
hypercalciuria may occur and this is related to nephrolithiasis,
nephrocalcinosis and chronic renal insufficiency. Levels of
serum calcium, phosphorus and creatinine should be
measured weekly to monthly during initial dose adjustments,
with twice-yearly measurements once the regimen has been
stabilized. A 24-hour urine calcium should be determined at
least once a year once stable doses of supplements are
established and should be <4 mg/kg/24 hours. All patients
should be tested with slit-lamp and ophthalmoscopic
examination annually to monitor for the development of
cataracts (1).

In patients with PHypo, vitamin D2 or D3, (ergocalciferol
or cholecalciferol, respectively) or vitamin D metabolites,
(calcitriol or 1,25-(OH)2 vitamin D or 1 alpha-OH vitamin D),
are usually required. Calcitriol is the active metabolite of
vitamin D with rapid action and is frequently used for primary
therapy as it maintains serum calcium, in part, by improving
the efficiency of intestinal calcium absorption (50). Calcitriol
is administered over a wide dosing range (0.25-2.0 μg/day)
(51) and can rise serum calcium levels significantly within 
3 days (52, 53). The analog alfacalcidol (1-alpha-
hydroxyvitamin D3), which is quickly converted to
1,25(OH)2D3 in vivo, can be useful in clinical practice (54).
Vitamin D therapy can be related to hyperphosphatemia, since
active vitamin metabolites and analogs also increase intestinal
phosphate absorption (48). In such cases, the
hyperphosphatemia may be reduced by lessening dietary
intake of phosphate (e.g., in meats, eggs, dairy products and
cola beverages), whereas phosphate binders can be used in
severe situations (55). 

Thiazide diuretics can increase renal calcium reabsorption
in patients with PHypo (56, 57). This approach may be
needed to achieve a urinary calcium of <4 mg/kg/day.
Furosemide and other loop diuretics should be avoided
because they increase urinary calcium excretion and, thus,
might decrease serum calcium levels. Other factors that may

precipitate hypocalcaemia are glucocorticoids that can
antagonize the action of vitamin D and its analogues.
Ηydrochlorothiazide may assist to limit the amount of
vitamin D and calcium supplements that are required to
maintain normal calcium levels in PHypo (58, 59).
Limitations of thiazide diuretics are associated with the risk
of developing hypokalemia and/or hyponatremia and, thus,
low-sodium diet could be helpful (60).

PTH(1-34) and PTH(1-84) have been used as replacement
therapy for PHypo. Treatment of PHypo with PTH is
appealing because it provides the hormone that is missing.
In a trial with hypoparathyroid patients, administration of
PTH(1-34) once daily normalized serum and urine calcium
levels (61). PTH(1-34) can maintain normocalcaemia as
effectively as conventional treatment (62, 63). The addition
of PTH(1-84) to conventional therapy maintains
normocalcaemia and at the same time allows the reduction
of vitamin D and calcium supplements dosages (64, 65).
Another possible benefit, because of its phosphaturic
properties, is that PTH may lessen the risk of soft-tissue
deposition of calcium in the kidneys (nephrocalcinosis,
nephrolithiasis) and probably in other soft tissues. Indeed
PTH(1-84) has been recently approved by the Food and Drug
Administration for the management of cases of chronic
PHypo not adequately controlled with conventional therapy
(40, 66).

Finally, parathyroid autotransplantation plays an important
role in the prevention of PHypo following thyroid surgery
(67). The function of reimplanted parathyroid gland can be
easily checked after thyroid surgery, since glands are usually
reimplanted within the sternocleidomastoid muscle (68) or in
the forearm subcutaneous tissue (69). Reimplantation of
devascularized or accidentally removed parathyroid glands
during thyroid surgery has been advocated to decrease the
risk of post-operative permanent PHypo (27, 70). 

Conclusion

This systematic review summarizes our current state of
knowledge on postsurgical PHypo, a major disorder of
parathyroid function, and its treatment modalities. Further
research should be directed on the risk factors and the
pathways of the pathophysiological mechanisms that may
provide additional knowledge on prevention, etiology,
molecular pathogenesis and other therapeutic approaches. 

References
1 Shoback D: Clinical practice. Hypoparathyroidism. N Engl J

Med 359: 391-403, 2008.
2 Bilezikian JP, Khan AA and Potts JT, Jr.: Guidelines for the

management of asymptomatic primary hyperparathyroidism:
summary statement from the third international workshop. J Clin
Endocrinol Metab 94: 335-339, 2009.

Kakava et al: Postsurgical Hypoparathyroidism (Review)

175



3 Goncalves Filho J and Kowalski LP: Surgical complications
after thyroid surgery performed in a cancer hospital. Otolaryngol
Head Neck Surg 132: 490-494, 2005.

4 Thomusch O, Machens A, Sekulla C, Ukkat J, Brauckhoff M
and Dralle H: The impact of surgical technique on postoperative
hypoparathyroidism in bilateral thyroid surgery: a multivariate
analysis of 5846 consecutive patients. Surgery 133: 180-185,
2003.

5 Cranshaw IM, Moss D, Whineray-Kelly E and Harman CR:
Intraoperative parathormone measurement from the internal
jugular vein predicts post-thyroidectomy hypocalcaemia.
Langenbecks Arch Surg 392: 699-702, 2007.

6 Falk SA, Birken EA and Baran DT: Temporary
postthyroidectomy hypocalcemia. Arch Otolaryngol Head Neck
Surg 114: 168-174, 1988.

7 Ozogul B, Akcay MN, Akcay G and Bulut OH: Factors affecting
hypocalcaemia following total thyroidectomy: a prospective
study. Eurasian J Med 46: 15-21, 2014.

8 Amir A, Sands NB, Tamilia M, Hier MP, Black MJ and Payne
RJ: Preoperative serum calcium levels as an indicator of
postthyroidectomy hypocalcemia. J Otolaryngol Head Neck
Surg 39: 654-658, 2010.

9 Roh JL and Park CI: Routine oral calcium and vitamin D
supplements for prevention of hypocalcemia after total
thyroidectomy. Am J Surg 192: 675-678, 2006.

10 Kurukahvecioglu O, Karamercan A, Akin M, Tezel E, Ege B,
Taneri F and Onuk E: Potential benefit of oral calcium/vitamin
D administration for prevention of symptomatic hypocalcemia
after total thyroidectomy. Endocr Regul 41: 35-39, 2007.

11 Erbil Y, Bozbora A, Ozbey N, Issever H, Aral F, Ozarmagan S and
Tezelman S: Predictive value of age and serum parathormone and
vitamin d3 levels for postoperative hypocalcemia after total
thyroidectomy for nontoxic multinodular goiter. Arch Surg 142:
1182-1187, 2007.

12 Erbil Y, Barbaros U, Temel B, Turkoglu U, Issever H, Bozbora
A, Ozarmagan S and Tezelman S: The impact of age, vitamin
D(3) level, and incidental parathyroidectomy on postoperative
hypocalcemia after total or near total thyroidectomy. Am J Surg
197: 439-446, 2009.

13 Toniato A, Boschin IM, Piotto A, Pelizzo MR, Guolo A, Foletto
M and Casalide E: Complications in thyroid surgery for
carcinoma: one institution's surgical experience. World J Surg
32: 572-575, 2008.

14 Lindblom P, Westerdahl J and Bergenfelz A: Low parathyroid
hormone levels after thyroid surgery: a feasible predictor of
hypocalcemia. Surgery 131: 515-520, 2002.

15 Lang BH, Yih PC and Ng KK: A prospective evaluation of quick
intraoperative parathyroid hormone assay at the time of skin
closure in predicting clinically relevant hypocalcemia after
thyroidectomy. World J Surg 36: 1300-1306, 2012.

16 Chapman DB, French CC, Leng X, Browne JD, Waltonen JD
and Sullivan CA: Parathyroid hormone early percent change: an
individualized approach to predict postthyroidectomy
hypocalcemia. Am J Otolaryngol 33: 216-220, 2012.

17 Cavicchi O, Piccin O, Caliceti U, Fernandez IJ, Bordonaro C,
Saggese D and Ceroni AR: Accuracy of PTH assay and corrected
calcium in early prediction of hypoparathyroidism after thyroid
surgery. Otolaryngol Head Neck Surg 138: 594-600, 2008.

18 Chindavijak S: Prediction of hypocalcemia in postoperative total
thyroidectomy using single measurement of intra-operative

parathyroid hormone level. J Med Assoc Thai 90: 1167-1171,
2007.

19 Wilson RB, Erskine C and Crowe PJ: Hypomagnesemia and
hypocalcemia after thyroidectomy: prospective study. World J
Surg 24: 722-726, 2000.

20 Abboud B, Sargi Z, Akkam M and Sleilaty F: Risk factors for
postthyroidectomy hypocalcemia. J Am Coll Surg 195: 456-461,
2002.

21 Filho JG and Kowalski LP: Postoperative complications of
thyroidectomy for differentiated thyroid carcinoma. Am J
Otolaryngol 25: 225-230, 2004.

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

23 Sippel RS, Ozgul O, Hartig GK, Mack EA and Chen H: Risks
and consequences of incidental parathyroidectomy during
thyroid resection. ANZ J Surg 77: 33-36, 2007.

24 Sosa JA, Mehta PJ, Wang TS, Boudourakis L and Roman SA: A
population-based study of outcomes from thyroidectomy in aging
Americans: at what cost? J Am Coll Surg 206: 1097-1105, 2008.

25 Bergamaschi R, Becouarn G, Ronceray J and Arnaud JP:
Morbidity of thyroid surgery. Am J Surg 176: 71-75, 1998.

26 Erbil Y, Barbaros U, Salmaslioglu A, Yanik BT, Bozbora A and
Ozarmagan S: The advantage of near-total thyroidectomy to
avoid postoperative hypoparathyroidism in benign multinodular
goiter. Langenbecks Arch Surg 391: 567-573, 2006.

27 Testini M, Rosato L, Avenia N, Basile F, Portincasa P, Piccinni
G, Lissidini G, Biondi A, Gurrado A and Nacchiero M: The
impact of single parathyroid gland autotransplantation during
thyroid surgery on postoperative hypoparathyroidism: a
multicenter study. Transplant Proc 39: 225-230, 2007.

28 Lefevre JH, Tresallet C, Leenhardt L, Jublanc C, Chigot JP and
Menegaux F: Reoperative surgery for thyroid disease.
Langenbecks Arch Surg 392: 685-691, 2007.

29 Chao TC, Jeng LB, Lin JD and Chen MF: Reoperative thyroid
surgery. World J Surg 21: 644-647, 1997.

30 Paek SH, Lee YM, Min SY, Kim SW, Chung KW and Youn YK:
Risk factors of hypoparathyroidism following total thyroidectomy
for thyroid cancer. World J Surg 37: 94-101, 2013.

31 Ritter K, Elfenbein D, Schneider DF, Chen H and Sippel RS:
Hypoparathyroidism after total thyroidectomy: incidence and
resolution. J Surg Res 197: 348-353, 2015.

32 Hallgrimsson P, Nordenstrom E, Almquist M and Bergenfelz
AO: Risk factors for medically treated hypocalcemia after
surgery for Graves' disease: a Swedish multicenter study of
1,157 patients. World J Surg 36: 1933-1942, 2012.

33 Promberger R, Ott J, Kober F, Mikola B, Karik M, Freissmuth
M and Hermann M: Intra- and postoperative parathyroid
hormone-kinetics do not advocate for autotransplantation of
discolored parathyroid glands during thyroidectomy. Thyroid 20:
1371-1375, 2010

34 Bergenfelz A, Jansson S, Kristoffersson A, Martensson H,
Reihner E, Wallin G and Lausen I: Complications to thyroid
surgery: results as reported in a database from a multicenter
audit comprising 3,660 patients. Langenbecks Arch Surg 393:
667-673, 2008.

35 Yamashita H, Noguchi S, Tahara K, Watanabe S, Uchino S,
Kawamoto H, Toda M and Murakami N: Postoperative tetany in
patients with Graves' disease: a risk factor analysis. Clin
Endocrinol (Oxf) 47: 71-77, 1997.

in vivo 30: 171-180 (2016)

176



36 Wingert DJ, Friesen SR, Iliopoulos JI, Pierce GE, Thomas JH
and Hermreck AS: Post-thyroidectomy hypocalcemia. Incidence
and risk factors. Am J Surg 152: 606-610, 1986.

37 Kalyoncu D, Gonullu D, Gedik ML, Er M, Kuroglu E, Igdem
AA and Koksoy FN: Analysis of the factors that have an effect
on hypocalcemia following thyroidectomy. Ulus Cerrahi Derg
29: 171-176, 2013.

38 Hassan I, Danila R, Aljabri H, Hoffmann S, Wunderlich A,
Karakas E and Zielke A: Is rapid preparation for thyroidectomy in
severe Graves' disease beneficial? The relationship between clinical
and immunohistochemical aspects. Endocrine 33: 189-195, 2008.

39 Brasier AR and Nussbaum SR: Hungry bone syndrome: clinical
and biochemical predictors of its occurrence after parathyroid
surgery. Am J Med 84: 654-660, 1988.

40 Bilezikian JP, Khan A, Potts JT, Jr., Brandi ML, Clarke BL,
Shoback D, Juppner H, D'Amour P, Fox J, Rejnmark L,
Mosekilde L, Rubin MR, Dempster D, Gafni R, Collins MT,
Sliney J and Sanders J: Hypoparathyroidism in the adult:
epidemiology, diagnosis, pathophysiology, target-organ
involvement, treatment, and challenges for future research. J
Bone Miner Res 26: 2317-2337, 2011.

41 Youngwirth L, Benavidez J, Sippel R and Chen H: Parathyroid
hormone deficiency after total thyroidectomy: incidence and
time. J Surg Res 163: 69-71, 2010.

42 Chow TL, Choi CY and Chiu AN: Postoperative PTH
monitoring of hypocalcemia expedites discharge after
thyroidectomy. Am J Otolaryngol 35: 736-740, 2014.

43 Asari R, Passler C, Kaczirek K, Scheuba C and Niederle B:
Hypoparathyroidism after total thyroidectomy: a prospective
study. Arch Surg 143: 132-137; discussion 138, 2008.

44 Sitges-Serra A, Ruiz S, Girvent M, Manjon H, Duenas JP and
Sancho JJ: Outcome of protracted hypoparathyroidism after total
thyroidectomy. Br J Surg 97: 1687-1695, 2010.

45 Al-Dhahri SF, Mubasher M, Mufarji K, Allam OS and Terkawi
AS: Factors predicting post-thyroidectomy hypoparathyroidism
recovery. World J Surg 38: 2304-2310, 2014.

46 Almquist M, Hallgrimsson P, Nordenstrom E and Bergenfelz A:
Prediction of permanent hypoparathyroidism after total
thyroidectomy. World J Surg 38: 2613-2620, 2014.

47 Karamanakos SN, Markou KB, Panagopoulos K, Karavias D,
Vagianos CE, Scopa CD, Fotopoulou V, Liava A and Vagenas K:
Complications and risk factors related to the extent of surgery
in thyroidectomy. Results from 2,043 procedures. Hormones
(Athens) 9: 318-325, 2010.

48 Walker Harris V and Jan De Beur S: Postoperative
hypoparathyroidism: medical and surgical therapeutic options.
Thyroid 19: 967-973, 2009.

49 Harvey JA, Zobitz MM and Pak CY: Dose dependency of
calcium absorption: a comparison of calcium carbonate and
calcium citrate. J Bone Miner Res 3: 253-258, 1988.

50 Holick MF: Vitamin D deficiency. N Engl J Med 357: 266-281,
2007.

51 Cooper MS and Gittoes NJ: Diagnosis and management of
hypocalcaemia. BMJ 336: 1298-1302, 2008.

52 Neer RM, Holick MF, DeLuca HF and Potts JT, Jr.: Effects of
1alpha-hydroxy-vitamin D3 and 1,25-dihydroxy-vitamin D3 on
calcium and phosphorus metabolism in hypoparathyroidism.
Metabolism 24: 1403-1413, 1975.

53 Kooh SW, Fraser D, DeLuca HF, Holick MF, Belsey RE, Clark
MB and Murray TM: Treatment of hypoparathyroidism and

pseudohypoparathyroidism with metabolites of vitamin D:
evidence for impaired conversion of 25-hydroxyvitamin D to 1
alpha,25-dihydroxyvitamin D. N Engl J Med 293: 840-844, 1975.

54 Halabe A, Arie R, Mimran D, Samuel R and Liberman UA:
Hypoparathyroidism – a long-term follow-up experience with 1
alpha-vitamin D3 therapy. Clin Endocrinol (Oxf) 40: 303-307,
1994.

55 Noordzij M, Voormolen NM, Boeschoten EW, Dekker FW, Bos
WJ, Krediet RT and Korevaar JC: Disordered mineral metabolism
is not a risk factor for loss of residual renal function in dialysis
patients. Nephrol Dial Transplant 24: 1580-1587, 2009.

56 Horwitz MJ and Stewart AF: Hypoparathyroidism: is it time for
replacement therapy? J Clin Endocrinol Metab 93: 3307-3309,
2008.

57 Lamberg BA and Kuhlback B: Effect of chlorothiazide and
hydrochlorothiazide on the excretion of calcium in urine. Scand
J Clin Lab Invest 11: 351-357, 1959.

58 Alon U, Wellons MD and Chan JC: Reversal of vitamin-D2-
induced hypercalciuria by chlorothiazide. Pediatr Res 17: 117-
119, 1983.

59 Santos F, Smith MJ and Chan JC: Hypercalciuria associated
with long-term administration of calcitriol (1,25-
dihydroxyvitamin D3). Action of hydrochlorothiazide. Am J Dis
Child 140: 139-142, 1986.

60 Porter RH, Cox BG, Heaney D, Hostetter TH, Stinebaugh BJ
and Suki WN: Treatment of hypoparathyroid patients with
chlorthalidone. N Engl J Med 298: 577-581, 1978.

61 Winer KK, Yanovski JA, Sarani B and Cutler GB, Jr.: A
randomized, cross-over trial of once-daily versus twice-daily
parathyroid hormone 1-34 in treatment of hypoparathyroidism. J
Clin Endocrinol Metab 83: 3480-3486, 1998.

62 Winer KK, Sinaii N, Reynolds J, Peterson D, Dowdy K and
Cutler GB, Jr.: Long-term treatment of 12 children with chronic
hypoparathyroidism: a randomized trial comparing synthetic
human parathyroid hormone 1-34 versus calcitriol and calcium.
J Clin Endocrinol Metab 95: 2680-2688, 2010.

63 Winer KK, Ko CW, Reynolds JC, Dowdy K, Keil M, Peterson
D, Gerber LH, McGarvey C and Cutler GB, Jr.: Long-term
treatment of hypoparathyroidism: a randomized controlled study
comparing parathyroid hormone-(1-34) versus calcitriol and
calcium. J Clin Endocrinol Metab 88: 4214-4220, 2003.

64 Sikjaer T, Rejnmark L, Rolighed L, Heickendorff L and
Mosekilde L: The effect of adding PTH(1-84) to conventional
treatment of hypoparathyroidism: a randomized, placebo-
controlled study. J Bone Miner Res 26: 2358-2370, 2011.

65 Mannstadt M, Clarke BL, Vokes T, Brandi ML, Ranganath L,
Fraser WD, Lakatos P, Bajnok L, Garceau R, Mosekilde L,
Lagast H, Shoback D and Bilezikian JP: Efficacy and safety of
recombinant human parathyroid hormone (1-84) in
hypoparathyroidism (REPLACE): a double-blind, placebo-
controlled, randomised, phase 3 study. Lancet Diabetes
Endocrinol 1: 275-283, 2013.

66 Bollerslev J, Rejnmark L, Marcocci C, Shoback DM, Sitges-Serra
A, van Biesen W and Dekkers OM: European Society of
Endocrinology Clinical Guideline: Treatment of chronic hypo-
parathyroidism in adults. Eur J Endocrinol 173: G1-20, 2015.

67 Walker RP, Paloyan E, Kelley TF, Gopalsami C and Jarosz H:
Parathyroid autotransplantation in patients undergoing a total
thyroidectomy: a review of 261 patients. Otolaryngol Head Neck
Surg 111: 258-264, 1994.

Kakava et al: Postsurgical Hypoparathyroidism (Review)

177



68 Lo CY and Tam SC: Parathyroid autotransplantation during
thyroidectomy: documentation of graft function. Arch Surg 136:
1381-1385, 2001.

69 Cavallaro G, Iorio O, Centanni M, Porta N, Iossa A, Gargano L,
Del Duca S, Gurrado A, Testini M, Petrozza V and Silecchia G:
Parathyroid Reimplantation in Forearm Subcutaneous Tissue
During Thyroidectomy: A Simple and Effective Way to Avoid
Hypoparathyroidism. World J Surg 39: 1936-1942, 2015.

70 Prigouris S, Lorentziadis M, Stylogiannis S, Nafas R, Masouras
A and Poulantzas I: Experimental autotransplantation of the
parathyroid gland. Br J Surg 83: 410-412, 1996.

71 Erbil Y, Ozbey NC, Sari S, Unalp HR, Agcaoglu O, Ersoz F,
Issever H and Ozarmagan S: Determinants of postoperative
hypocalcemia in vitamin D-deficient Graves' patients after total
thyroidectomy. Am J Surg 201: 685-691, 2011.

72 ands NB, Payne RJ, Cote V, Hier MP, Black MJ and Tamilia M:
Female gender as a risk factor for transient post-thyroidectomy
hypocalcemia. Otolaryngol Head Neck Surg 145: 561-564, 2011.

73 Bove A, Bongarzoni G, Dragani G, Serafini F, Di Iorio A, Palone
G, Stella S and Corbellini L: Should female patients undergoing
parathyroid-sparing total thyroidectomy receive routine
prophylaxis for transient hypocalcemia? Am Surg 70: 533-536,
2004.

74 Kamer E, Unalp HR, Erbil Y, Akguner T, Issever H and Tarcan
E: Early prediction of hypocalcemia after thyroidectomy by
parathormone measurement in surgical site irrigation fluid. Int J
Surg 7: 466-471, 2009.

75 Huang SM: Do we overtreat post-thyroidectomy hypocalcemia?
World J Surg 36: 1503-1508, 2012.

76 Welch KC and McHenry CR: Total thyroidectomy: is morbidity
higher for Graves' disease than nontoxic goiter? J Surg Res 170:
96-99, 2011.

77 Pesce CE, Shiue Z, Tsai HL, Umbricht CB, Tufano RP, Dackiw
AP, Kowalski J and Zeiger MA: Postoperative hypocalcemia after
thyroidectomy for Graves' disease. Thyroid 20: 1279-1283, 2010.

78 Ebrahimi H, Edhouse P, Lundgren CI, McMullen T, Sidhu S,
Sywak M and Delbridge L: Does autoimmune thyroid disease
affect parathyroid autotransplantation and survival? ANZ J Surg
79: 383-385, 2009.

79 Roh JL and Park CI: Intraoperative parathyroid hormone assay
for management of patients undergoing total thyroidectomy.
Head Neck 28: 990-997, 2006.

80 Del Rio P, Arcuri MF, Ferreri G, Sommaruga L and Sianesi M:
The utility of serum PTH assessment 24 hours after total
thyroidectomy. Otolaryngol Head Neck Surg 132: 584-586, 2005.

81 Nahas ZS, Farrag TY, Lin FR, Belin RM and Tufano RP: A safe
and cost-effective short hospital stay protocol to identify patients
at low risk for the development of significant hypocalcemia after
total thyroidectomy. Laryngoscope 116: 906-910, 2006.

82 Ali S, Yu C, Palmer FL, Ganly I, Shaha A, Shah JP, Kattan MW
and Patel SG: Nomogram to aid selection of patients for short-
stay thyroidectomy based on risk of postoperative hypocalcemia.
Arch Otolaryngol Head Neck Surg 137: 1154-1160, 2011.

83 Gentileschi P, Gacek IA, Manzelli A, Coscarella G, Sileri P,
Lirosi F, Camperchioli I, Stolfi VM and Gaspari AL: Early (1
hour) post-operative parathyroid hormone (PTH) measurement
predicts hypocalcaemia after thyroidectomy: a prospective case-
control single-institution study. Chir Ital 60: 519-528, 2008.

84 Moriyama T, Yamashita H, Noguchi S, Takamatsu Y, Ogawa T,
Watanabe S, Uchino S, Ohshima A, Kuroki S and Tanaka M:

Intraoperative parathyroid hormone assay in patients with
Graves' disease for prediction of postoperative tetany. World J
Surg 29: 1282-1287, 2005.

85 Lazard DS, Godiris-Petit G, Wagner I, Sarfati E and Chabolle
F: Early detection of hypocalcemia after total/completion
thyroidectomy: routinely usable algorithm based on serum
calcium level. World J Surg 36: 2590-2597, 2012.

86 Kim JH, Chung MK and Son YI: Reliable early prediction for
different types of post-thyroidectomy hypocalcemia. Clin Exp
Otorhinolaryngol 4: 95-100, 2011.

87 Wu SD and Gao L: Is routine calcium supplementation
necessary in patients undergoing total thyroidectomy plus neck
dissection? Surg Today 41: 183-188, 2011.

88 Graff AT, Miller FR, Roehm CE and Prihoda TJ: Predicting
hypocalcemia after total thyroidectomy: parathyroid hormone
level vs. serial calcium levels. Ear Nose Throat J 89: 462-465,
2010.

89 Fahad Al-Dhahri S, Al-Ghonaim YA and Sulieman Terkawi A:
Accuracy of postthyroidectomy parathyroid hormone and
corrected calcium levels as early predictors of clinical hypo-
calcemia. J Otolaryngol Head Neck Surg 39: 342-348, 2010.

90 Proczko-Markuszewska M, Kobiela J, Stefaniak T, Lachinski AJ
and Sledzinski Z: Postoperative PTH measurement as a predictor
of hypocalcaemia after thyroidectomy. Acta Chir Belg 110: 40-
44, 2010.

91 Kara M, Tellioglu G, Krand O, Fersahoglu T, Berber I, Erdogdu
E, Ozel L and Titiz MI: Predictors of hypocalcemia occurring after
a total/near total thyroidectomy. Surg Today 39: 752-757, 2009.

92 Pfleiderer AG, Ahmad N, Draper MR, Vrotsou K and Smith
WK: The timing of calcium measurements in helping to predict
temporary and permanent hypocalcaemia in patients having
completion and total thyroidectomies. Ann R Coll Surg Engl 91:
140-146, 2009.

93 Alia P, Moreno P, Rigo R, Francos JM and Navarro MA:
Postresection parathyroid hormone and parathyroid hormone
decline accurately predict hypocalcemia after thyroidectomy.
Am J Clin Pathol 127: 592-597, 2007.

94 Wong C, Price S and Scott-Coombes D: Hypocalcaemia and
parathyroid hormone assay following total thyroidectomy:
predicting the future. World J Surg 30: 825-832, 2006.

95 Soon PS, Magarey CJ, Campbell P and Jalaludin B: Serum
intact parathyroid hormone as a predictor of hypocalcaemia after
total thyroidectomy. ANZ J Surg 75: 977-980, 2005.

96 Lombardi CP, Raffaelli M, Princi P, Santini S, Boscherini M, De
Crea C, Traini E, D'Amore AM, Carrozza C, Zuppi C and
Bellantone R: Early prediction of postthyroidectomy hypocalcemia
by one single iPTH measurement. Surgery 136: 1236-1241, 2004.

97 Richards ML, Bingener-Casey J, Pierce D, Strodel WE and Sirinek
KR: Intraoperative parathyroid hormone assay: an accurate
predictor of symptomatic hypocalcemia following thyroidectomy.
Arch Surg 138: 632-635; discussion 635-636, 2003.

98 Lo CY, Luk JM and Tam SC: Applicability of intraoperative
parathyroid hormone assay during thyroidectomy. Ann Surg 236:
564-569, 2002.

99 Walsh SR, Kumar B and Coveney EC: Serum calcium slope
predicts hypocalcaemia following thyroid surgery. Int J Surg 5:
41-44, 2007.

100 Gulluoglu BM, Manukyan MN, Cingi A, Yegen C, Yalin R and
Aktan AO: Early prediction of normocalcemia after thyroid
surgery. World J Surg 29: 1288-1293, 2005.

in vivo 30: 171-180 (2016)

178



101 Lam A and Kerr PD: Parathyroid hormone: an early predictor of
postthyroidectomy hypocalcemia. Laryngoscope 113: 2196-
2200, 2003.

102 Husein M, Hier MP, Al-Abdulhadi K and Black M: Predicting
calcium status post thyroidectomy with early calcium levels.
Otolaryngol Head Neck Surg 127: 289-293, 2002.

103 Luu Q, Andersen PE, Adams J, Wax MK and Cohen JI: The
predictive value of perioperative calcium levels after
thyroid/parathyroid surgery. Head Neck 24: 63-67, 2002.

104 Adams J, Andersen P, Everts E and Cohen J: Early postoperative
calcium levels as predictors of hypocalcemia. Laryngoscope
108: 1829-1831, 1998.

105 Miccoli P, Minuto MN, Panicucci E, Cetani F, D'Agostino J,
Vignali E, Picone A, Marcocci C and Berti P: The impact of
thyroidectomy on parathyroid glands: a biochemical and clinical
profile. J Endocrinol Invest 30: 666-671, 2007.

106 Yamashita H, Murakami T, Noguchi S, Shiiba M, Watanabe S,
Uchino S, Kawamoto H, Toda M and Murakami N:
Postoperative tetany in Graves disease: important role of vitamin
D metabolites. Ann Surg 229: 237-245, 1999.

107 Barczynski M, Cichon S and Konturek A: Which criterion of
intraoperative iPTH assay is the most accurate in prediction of
true serum calcium levels after thyroid surgery? Langenbecks
Arch Surg 392: 693-698, 2007.

108 McLeod IK, Arciero C, Noordzij JP, Stojadinovic A, Peoples G,
Melder PC, Langley R, Bernet V and Shriver CD: The use of rapid
parathyroid hormone assay in predicting postoperative hypocalcemia
after total or completion thyroidectomy. Thyroid 16: 259-265, 2006.

109 Scurry WC, Jr., Beus KS, Hollenbeak CS and Stack BC, Jr.:
Perioperative parathyroid hormone assay for diagnosis and
management of postthyroidectomy hypocalcemia. Laryngoscope
115: 1362-1366, 2005.

110 Lewandowicz M, Kuzdak K and Pasieka Z: Intraoperative
parathyroid hormone measurement in thyroidectomized patients:
preliminary report. Endocr Regul 41: 29-34, 2007.

111 Di Fabio F, Casella C, Bugari G, Iacobello C and Salerni B:
Identification of patients at low risk for thyroidectomy-related
hypocalcemia by intraoperative quick PTH. World J Surg 30:
1428-1433, 2006.

112 Higgins KM, Mandell DL, Govindaraj S, Genden EM,
Mechanick JI, Bergman DA, Diamond EJ and Urken ML: The
role of intraoperative rapid parathyroid hormone monitoring for
predicting thyroidectomy-related hypocalcemia. Arch
Otolaryngol Head Neck Surg 130: 63-67, 2004.

113 Vanderlei FA, Vieira JG, Hojaij FC, Cervantes O, Kunii IS, Ohe
MN, Santos RO and Abrahao M: Parathyroid hormone: an early
predictor of symptomatic hypocalcemia after total thyroidectomy.
Arq Bras Endocrinol Metabol 56: 168-172, 2012.

114 Lecerf P, Orry D, Perrodeau E, Lhommet C, Charretier C, Mor
C, Valat C, Bourlier P and de Calan L: Parathyroid hormone
decline 4 hours after total thyroidectomy accurately predicts
hypocalcemia. Surgery 152: 863-868, 2012.

115 Costanzo M, Marziani A, Condorelli F, Migliore M and
Cannizzaro MA: Post-thyroidectomy hypocalcemic syndrome:
predictive value of early PTH. Preliminary results. Ann Ital Chir
81: 301-305, 2010.

116 Kirkby-Bott J, Markogiannakis H, Skandarajah A, Cowan M,
Fleming B and Palazzo F: Preoperative vitamin D deficiency
predicts postoperative hypocalcemia after total thyroidectomy.
World J Surg 35: 324-330, 2011.

117 Sam AH, Dhillo WS, Donaldson M, Moolla A, Meeran K,
Tolley NS and Palazzo FF: Serum phosphate predicts temporary
hypocalcaemia following thyroidectomy. Clin Endocrinol (Oxf)
74: 388-393, 2011.

118 Toniato A, Boschin IM, Piotto A, Pelizzo M and Sartori P:
Thyroidectomy and parathyroid hormone: tracing hypocalcemia-
prone patients. Am J Surg 196: 285-288, 2008.

119 Hermann M, Ott J, Promberger R, Kober F, Karik M and
Freissmuth M: Kinetics of serum parathyroid hormone during
and after thyroid surgery. Br J Surg 95: 1480-1487, 2008.

120 Chia SH, Weisman RA, Tieu D, Kelly C, Dillmann WH and
Orloff LA: Prospective study of perioperative factors predicting
hypocalcemia after thyroid and parathyroid surgery. Arch
Otolaryngol Head Neck Surg 132: 41-45, 2006.

121 Cote V, Sands N, Hier MP, Black MJ, Tamilia M, MacNamara
E, Zhang X and Payne RJ: Cost savings associated with post-
thyroidectomy parathyroid hormone levels. Otolaryngol Head
Neck Surg 138: 204-208, 2008.

122 Sywak MS, Palazzo FF, Yeh M, Wilkinson M, Snook K, Sidhu SB
and Delbridge LW: Parathyroid hormone assay predicts hypocalca-
emia after total thyroidectomy. ANZ J Surg 77: 667-670, 2007.

123 Lombardi CP, Raffaelli M, Princi P, Dobrinja C, Carrozza C, Di
Stasio E, D'Amore A, Zuppi C and Bellantone R: Parathyroid
hormone levels 4 hours after surgery do not accurately predict
post-thyroidectomy hypocalcemia. Surgery 140: 1016-1023;
discussion 1023-1015, 2006.

124 Vescan A, Witterick I and Freeman J: Parathyroid hormone as a
predictor of hypocalcemia after thyroidectomy. Laryngoscope
115: 2105-2108, 2005.

125 Kovacevic B, Ignjatovic M, Cuk V, Zivaljevic V and Paunovic
I: Early prediction of symptomatic hypocalcemia after total
thyroidectomy. Acta Chir Belg 111: 303-307, 2011.

126 Sands N, Young J, MacNamara E, Black MJ, Tamilia M, Hier
MP and Payne RJ: Preoperative parathyroid hormone levels as a
predictor of postthyroidectomy hypocalcemia. Otolaryngol Head
Neck Surg 144: 518-521, 2011.

127 Payne RJ, Hier MP, Tamilia M, Mac Namara E, Young J and
Black MJ: Same-day discharge after total thyroidectomy: the
value of 6-hour serum parathyroid hormone and calcium levels.
Head Neck 27: 1-7, 2005.

128 Payne RJ, Hier MP, Tamilia M, Young J, MacNamara E and
Black MJ: Postoperative parathyroid hormone level as a
predictor of post-thyroidectomy hypocalcemia. J Otolaryngol 32:
362-367, 2003.

129 Yamashita H, Noguchi S, Murakami T, Uchino S, Watanabe S,
Ohshima A, Kawamoto H, Toda M and Yamashita H: Calcium
and its regulating hormones in patients with graves disease: sex
differences and relation to postoperative tetany. Eur J Surg 166:
924-928, 2000.

130 Yano Y, Nagahama M, Sugino K, Ito K and Ito K: Long-term
changes in parathyroid function after subtotal thyroidectomy for
graves' disease. World J Surg 32: 2612-2616, 2008.

Received February 11, 2016
Revised March 17, 2016

Accepted March 21, 2016

Kakava et al: Postsurgical Hypoparathyroidism (Review)

179


