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The opinions represented in the AACE/ACE Disease State Clinical Review:
Postoperative Hypoparathyroidism - Definitions and Management are the
expressed opinions of the Endocrine Surgery Scientific Committee of the American
Association of Clinical Endocrinologists. AACE/ACE Disease State Clinical
Reviews are systematically developed documents written to assist health care profes-
sionals in medical decision making for specific clinical conditions, but are in no way
a substitute for a medical professional’s independent judgment and should not be
considered medical advice. Most of the content herein is based on literature reviews.
In areas of uncertainty, professional judgment of the authors was applied.

This review article is a working document that reflects the state of the field at the
time of publication. Because rapid changes in this area are expected, periodic revi-
sions are inevitable. We encourage medical professionals to use this information in
conjunction with, and not a replacement for, their best clinical judgment. The pre-
sented recommendations may not be appropriate in all situations. Any decision by
practitioners to apply these guidelines must be made in light of local resources and
individual patient circumstances.
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Abbreviations:

BID = bis in die; DSPTC = diffuse sclerosing papil-
lary thyroid cancer; FNA = fine-needle aspiration; HT
= Hashimoto thyroiditis; iPTH = intact parathyroid
hormone; 250HD = 25-hydroxy vitamin D; PTH =
parathyroid hormone; TPO = thyroid peroxidase; US =
ultrasonography

INTRODUCTION

Postsurgical hypoparathyroidism is the most common
and often the most troubling long-term consequence of
aggressive thyroid surgery. Etiologies include injury to the
parathyroid glands (or their blood supply) or inadvertent
resection of parathyroid tissue. Risk factors for hypopara-
thyroidism are listed in Table 1. This potentially severe
complication of endocrine surgery presents with a broad
range of signs and symptoms that may be either transient
or permanent. Postsurgical hypoparathyroidism has been
variably defined. Given these risks, medical options for
treatment of thyroid conditions should be entertained when
practicable.

The incidence of postsurgical hypoparathyroidism
is difficult to define. A review of the literature reveals a
broad range of criteria and parameters that have been used
to define postoperative patients for hypoparathyroidism
including (/) clinical criteria, symptomatic versus asymp-
tomatic; (2) biochemical parameters, serum calcium and/
or intact PTH levels below specified levels; (3) therapeutic
criteria, requirement for calcium and or vitamin D treat-
ment; and (4) duration of calcemic support, time interval
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of the above therapy. Attempting to compare data from
surgical series is difficult and likely inaccurate. Analysis is
made even more formidable by the diversity of postopera-
tive electrolyte supplementation protocols and discharge
criteria utilized by different surgeons. Regimens vary from
no supplementation (unless the patient exhibits symptoms
of hypocalcemia) to empiric calcium, magnesium, and
vitamin D derivative supplementation. Some protocols
utilize intra- and/or postoperative serum calcium or intact
parathyroid hormone (PTH) levels to guide degree of sup-
plementation and discharge status (1).

Calculation of postoperative hypoparathyroidism
rates is further complicated by the broad range of surgical
approaches utilized to treat thyroid diseases. A review of
the literature reveals that in the hands of most high-vol-
ume thyroid/parathyroid surgeons, the risk of permanent
hypoparathyroidism after a total thyroidectomy is <1%.
The addition of a central compartment lymphadenectomy
increases this risk to between 1 and 15% (2); however, we
must note that even the definition of central compartment
lymphadenectomy varies between surgeons and studies (3).
Whether a unilateral or bilateral paratracheal resection is
performed appears to affect the incidence of hypoparathy-
roidism. Mixing populations of surgical patients in reports
further obfuscates the determination of the true incidence
of hypoparathyroidism (4). (Endocr Pract. 2015;21:
674-685)

THYROID SURGERY

The manipulation of the parathyroid glands, even
without their removal, can lead to transient disruption of
PTH production and/or release. Given the short half-life
of PTH (3-5 minutes) (5), even a temporary drop in out-
put can result in at least transient hypoparathyroidism with
associated hypocalcemia, hypomagnesemia, and hyper-
phosphatemia. Manipulation of the parathyroid glands in
both thyroid beds is precisely the reason why most iatro-
genic hypoparathyroidism occurs. Thus, bilateral central
neck operations, including total thyroidectomy, bilateral
central neck dissection, and total laryngectomy can result
in hypoparathyroidism even in circumstances where the
parathyroid glands themselves are identified and preserved.

Autoimmune and inflammatory thyroid disease,
whether Hashimoto thyroiditis or Graves disease, increase
the risk of postsurgical hypoparathyroidism with total
thyroidectomy (6). Preoperative disorders of calcium and
vitamin D absorption and metabolism such as seen in
patients who have undergone bariatric surgery (especially
roux-en-Y gastric bypass) also increase the risk of post-
operative hypocalcemia following bilateral central neck
surgery (7). Pregnancy, lactation, or a vitamin D deficiency
may all place a patient at increased risk for postopera-
tive hypocalcemia (8,9). Unrecognized prior reduction in
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Table 1
Risk Factors for Hypoparathyroidism

Bilateral central neck surgery

Surgery for thyroid malignancy with or without central
neck dissection

Surgery for parathyroid hyperplasia

Female sex

Vitamin D deficiency

Pregnancy

Lactation

Autoimmune thyroid disease

Prior gastric bypass surgery

parathyroid function, such as following prior central neck
surgery, where 1 or more parathyroid glands might have
been unknowingly removed or compromised, increases the
risk of hypoparathyroidism after additional central neck
surgery. Such increased risk may not be detectable with
preoperative testing.

DEFINITIONS OF HYPOPARATHYROIDISM

Hypoparathyroidism following surgery is commonly
classified as temporary (transient) or permanent. The most
common time marker used to delineate between these 2
conditions is 12 months following surgery (Table 2).
Temporary hypoparathyroidism is treated with “parathy-
roid splinting,” which uses calcium supplementation and
1,25 dihydroxy cholecalciferol and occasionally magne-
sium supplementation to support or completely replace
parathyroid function (10). This approach optimizes serum
calcium levels by increasing enteral absorption of cal-
cium (large calcium doses) and enhanced active transport.
Magnesium depletion may impair PTH release, and action
and treatment of magnesium deficiency is sometimes
required. Laboratory testing is performed on a regular basis
to monitor serum calcium, magnesium, and phosphorus
and urinary calcium (as needed). As parathyroid function
returns, the regimen is tapered so as to avoid a potential
rebound in hypercalcemia with its attendant risks of neu-
rologic compromise and cardiac dysrhythmia. This is espe-
cially a risk with regimens that include high-dose vitamin
D agents such as calcitriol.

Permanent hypoparathyroidism is defined when a
medical regimen is required for longer than 12 months.
Patients with permanent hypoparathyroidism can be labile,
difficult to manage, and experience significant morbidity;
however, many can be maintained with a stable regimen
of calcium and vitamin D (and occasionally magnesium)
and require occasional laboratory monitoring. In 2010,
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the Thyroid Cancer Alliance performed an international
postthyroid cancer treatment patient survey and reported
a postoperative hypocalcemia rate of 39%. Overall, 1,995
patients responded, and 14% were noted to have long-term
unresolved hypocalcemia (11). These findings are clearly
discordant with reports of surgical outcomes in the scien-
tific literature.

Clinical hypoparathyroidism is defined as biochemical
hypoparathyroidism accompanied by symptoms of hypo-
calcemia such as perioral and distal extremity dysesthesias/
hyperesthesia, lower extremity myoclonus, carpopedal
spasm, weakness, headache, electrocardiogram changes,
altered sensorium, and/or nausea as well as increased
bone density (Table 2). Biochemical hypoparathyroidism
is defined as a low intact PTH level often but not always
below the lower limit of the laboratory standard (usually
12 pg/mL) accompanied by hypocalcemia and hyperphos-
photemia. Hypocalcemia lags behind hypoparathormone-
mia by hours. Hypoparathormonemia can be seen within
minutes of surgical manipulation of the thyroid or para-
thyroid glands and can precede clinical signs of hypocal-
cemia. Biochemically, hypocalcemia is defined as a total
serum calcium level <8.6 mg/dL (corrected for albumin
concentration, Ca [corrected] = [0.8 x {normal albumin —
patient albumin} + serum Calcium]) or and ionized serum
calcium <1.15 mmol/L. Although usually linked, hypocal-
cemia can exist independent of hypoparathormonemia, but
hypoparathormonemia will ultimately lead to hypocalce-
mia. Relative hypoparathyroidism or parathyroid insuffi-
ciency may exist postoperatively and is defined as clini-
cal symptoms of hypoparathyroidism requiring medical
treatment, even though measured laboratory values may
be within normal ranges (Table 2). Hypomagnesemia may
also accompany hypocalcemia and should be diagnosed
and corrected as indicated as magnesium is required for
full PTH secretion and action.

Occasional patients will manifest clinical symptoms
of hypocalcemia despite eucalcemia. This can be seen fol-
lowing surgery for primary or tertiary hyperparathyroid-
ism or aggressive thyroid surgery and probably represents
acute calcium lowering, which precedes a lagging reset of
the calcium-sensing receptor system acclimatized to prior
hypercalcemia.

MITIGATION OF POSTOPERATIVE
HYPOPARATHYROIDISM

Preoperative Strategies

Patients can be tested for 25-hydroxy vitamin D
(250HD) blood levels preoperatively. If the patient is iden-
tified as being vitamin D deficient (250HD<20 ng/mL),
then aggressive treatment with high-dose vitamin D should
be considered (12). If 250HD is between 20 and 30 ng/mL,
less aggressive replacement is sufficient. Typically, 50,000
IU vitamin D3 (cholecalciferol) is given by mouth weekly

Copyright © 2015 AACE

Table 2
Definitions of Hypoparathyroidism?

Duration:

Temporary (transient)
Defined as up to 12 months in duration following cervical
surgery

Permanent
Lasting longer than 12 months following cervical surgery

Characteristic:

Clinical
Subjective hyperesthesias of the distal extremities
Perioral numbness/tingling
Nocturnal leg cramps
Chvostek/Trousseau signs
Biochemical
Hypocalcemia
Total calcium, corrected to a serum albumin of 4.0
ng/mL, <8.5 mg/dL.
Tonized calcium <1.15 mmol/L
Hypoparathormonemia
Can vary from lab to lab based on assay used (i.e.,
<12 pg/mL), refer to specific test published ranges.

2 Some patients with normal parathyroid hormone
levels will still be clinically hypoparathyroid. (36).

to correct the vitamin D deficiency and hopefully reduce
the risk of postoperative hypocalcemia. Ergocalciferol or
vitamin D2 is also an option for replacement. However,
studies to date have not consistently been able to show any
impact of preoperative vitamin D therapy on postopera-
tive calcium levels (13,14). Care should be taken in cases
of hyperparathyroidism not to cause a further significant
elevation of serum calcium. Dexamethasone (8 mg intra-
venously [IV]) given 90 minutes before skin incision is not
yet a standard but has been shown to reduce the rate of
transient hypoparathyroidism and laryngeal nerve palsy in
a single 2013 study (15).

Parathyroid Preservation/Autotransplantation

Intraoperative preservation of the parathyroid glands
with their blood supply intact, typically from the inferior
thyroid artery, is paramount for preventing hypoparathy-
roidism. Every effort should be made to visually identify
each parathyroid close to the thyroid gland, assessing
the location of the vascular pedicle to the parathyroid.
Preservation of the parathyroid gland is enhanced by a
careful capsular dissection down and posterior off the thy-
roid capsule. It is not uncommon to have the parathyroid
blood vessels loop down from the thyroid capsule to the
parathyroid gland, necessitating a capsular dissection plane
as anterior to the parathyroid as possible to preserve these
blood vessels. Thomusch et al (16) performed a large study
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and demonstrated that at least 2 parathyroid glands should
be identified and preserved during bilateral thyroid surgery
to avoid permanent postoperative hypoparathyroidism.

Parathyroid autotransplantation should be undertaken
judiciously, with the realization that an in situ functional
parathyroid is always preferable to an autograft with
respect to short-term postoperative calcium homeostasis.
Conversely, if a patient is hypoparathyroid postoperatively,
there is reassurance for the surgeon in having performed
an autotransplant. Parathyroid tissue color alone is not the
definitive test of parathyroid viability; consideration of an
intact vascular pedicle should also be assessed.

A prospective study of total or near-total thyroidec-
tomy patients with 3 or 4 discolored parathyroid glands of
the 4 visually identified parathyroid glands demonstrated
only transiently impaired parathyroid function such that
autotransplantation of discolored parathyroid glands was
not recommended in the absence of other criteria for auto-
transplantation (17). If the anatomic location of an iden-
tified parathyroid gland does not allow for preservation
with its vascular pedicle intact during thyroidectomy or
the parathyroid gland develops visible evidence of venous
congestion or ischemia, then the parathyroid gland is
placed in sterile iced saline. After frozen section confirms
parathyroid tissue, the remaining parathyroid is minced
into tiny fragments and autotransplanted, typically into 1
or more pockets of the sternocleidomastoid muscle with
a marking suture or clip. The surgeon should be judicious
of the amount of parathyroid tissue sent for frozen sec-
tion as it reduces the amount of parathyroid available for
autotransplantation. One study reported that there was no
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increase in the incidence of early hypocalcemia unless at
least 2 parathyroid glands were autotransplantated and rec-
ommended prophylactic treatment with oral calcium and
calcitriol (18).

A large retrospective study comparing the occurrence
of hypoparathyroidism after autotransplantation of 0, 1,
2, or 3 parathyroid glands following total thyroidectomy
found 9.8%, 11.9%, 15.1%, and 31.4% (P<.05) incidence
rates of temporary hypoparathyroidism respectively; the
corresponding rates for permanent hypoparathyroidism
were 0.98%, 0.77%, 0.97%, and 0% (P>.05) (19). The
principal value of parathyroid autotransplantation is in
the prevention of permanent hypoparathyroidism. Routine
autotransplantation versus selective autotransplantation of
a parathyroid gland in 1 study resulted in an increased inci-
dence of transient hypocalcemia (23% vs. 13%) without
a decreased incidence of permanent hypocalcemia (1.7%
vs. 1.8%), negating the value of routine parathyroid gland
autotransplantation (20). Parathyroid auto grafts typically
return to function within 6 months as determined by PTH
measurements (Table 3) (21).

Autotransplantation of a gland is not the same as care-
ful preservation of the parathyroid with its vascular supply;
surgeons should make every effort to do the latter rather
than simply relying on the former (22). There is some lit-
erature suggesting that autotransplantation is not always
functionally successful. The problem with many studies
that have investigated autotransplantation following thy-
roid cancer surgery is that it is hard to know if residual
parathyroid function is related to preserved glands or the
transplanted gland(s).

Table 3
Recommendation for Parathyroid Autotransplantation

Thyroid capsular dissection: stripping pericapsular tissue down and posterior

Action: Visualize parathyroid glands and keep vascular pedicle intact
Goal: Avoid parathyroid autotransplantation

Parathyroid multigland discoloration

Action: Continue observing to rule out the development of irreversible ischemia.
Goal: Avoid parathyroid autotransplantation

Parathyroid gland judged to develop irreversible ischemia

Action: Excise parathyroid, preserve in iced saline, and autotransplant minced parathyroid®
Goal: Avoid permanent hypoparathyroidism

Parathyroid gland anatomic location precludes preservation with the vascular pedicle intact

Action: Excise parathyroid, preserve in iced saline, and autotransplant minced parathyroida
Goal: Avoid permanent hypoparathyroidism

Parathyroid multigland autotransplantation necessary

Action: Augment postoperative calcium and vitamin D therapy
Goal: Minimize symptomatic hypocalcemia while avoiding permanent hypoparathyroidism

# Autotransplanted glands should have intraoperative frozen section confirmation of identity.
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Pathologists routinely indicate the presence or absence
of microscopically identified parathyroids in the final
pathology report. The challenge may be that the pathology
processing protocols recommend minimal representative
sampling in normal/goiterous thyroids without discrete
encapsulated nodules. Because parathyroids are quite small
and may resemble thyroid tissue, they may be missed on
gross exam. Unfortunately, requesting meticulous patho-
logic dissection of the thyroid for large multinodular goi-
ters is not practical (23).

In summary, the best approach for avoiding postop-
erative hypoparathyroidism is to have a technique that rec-
ognizes parathyroid glands, reduces trauma, and preserves
the vascular pedicle (Table 3). Surgeons should be vigi-
lant for anatomic disruptions and parathyroid coloration
changes that would make primary autotransplantation a
prudent action.

Intraoperative/Immediate Postoperative Strategies
Intraoperative PTH (IOPTH) refers to blood specimens
drawn during and shortly after central neck surgery (i.e.,
5, 10, and 20 minutes after thyroidectomy is completed)

Copyright © 2015 AACE

(24). The results may become available while the patient
is still in the operating room or once she/he has arrived
in recovery. This data can expedite same-day discharge or
predict the need for observation and postoperative calcium
management. Table 4 reviews the recent literature on this
topic and presents ranges of IOPTH values and the timing
of sampling from surgery. Patients with a PTH value >15
ng/mL measured 20 minutes or longer after surgery can
be discharged home on prophylactic calcium. Patients with
<15 ng/mL PTH should be started on calcitriol (0.5 mcg
BID) in addition to calcium (and possibly magnesium) and
observed overnight.

Immediate postoperative care is defined as the first 24
hours following surgery. This would include use of PTH
and calcium (and occasionally magnesium) values in the
time period beyond 1 hour following excision or in recov-
ery. Intact PTH (iPTH) levels alone or combined with
serum calcium levels can guide the decision to begin pro-
phylactic oral calcium. Several studies have demonstrated
the effectiveness of iPTH levels in the early postoperative
period from various time points: in the postanesthesia care
unit immediately after surgery, to 1, 2, 4, 6, or 24 hours

Table 4
Prediction of Postoperative Hypoparathyroidism using PTH and Ca Values

PTH:
Reference, Year PTH level Time postexcision Action
(49) 2004 <16 ng/mL Postop day 1 prediction hypo Ca
(26) 2005 75% drop or 10 min prediction hypo Ca

<7 ng/mL
(32) 2007 “normal” 4h d/c
(1) 2007 65% decrease 6h prediction hypo Ca
(31) 2008 <10 ng/mL 10 min prediction hypo Ca
(30) 2008 <10 pg/dL 1h prophylaxis
(29) 2012 >1 pmol/L Skin closure discharge
(28) 2014 >10 ng/mL? 20 minutes discharge
Serum Ca:
Reference, Year Ca criteria Timing postexcision Action
(50) 2006 Pos. slope 6-12 h d/c

Neg. slope, =8 mg/dL 6-12 h/12 h d/c with supp.

(51) 2001 <7.2 mg/dL or 16 h

1.0 mmol/L

AACE recommendation:

ered in addition to the calcium prophylaxis.

>15 pg/mL (or its equivalent) at 20 minutes following resection can be discharged (pmol/L
= pg/mL x 0.1061). Universal calcium prophylaxis post operatively with 1,000 mg calcium
carbonate TID. Patients with <15 ng/mL should be monitored and calcitriol should be consid-

Abbreviations: Ca = calcium; d/c = discharge; PTH = parathyroid hormone; TID = ter in die.
2PTH levels are from Beckman Coulter DxI with Access reagents.
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later. (Table 4) The normal short half-life of PTH (3-5 min-
utes) supports relying on early postoperative iPTH levels.
Typically, an iPTH level <10 to 15 pg/mL is predictive of
later hypocalcemia (Table 4).

Postoperative calcium testing has also been used as
a means for assessing postoperative hypoparathyroid risk
and stratifying patients for observation and/or discharge.
Unfortunately, the lag time for calcium changes is greater
than that of PTH, and a calcium nadir may not occur for
24 to 72 hours following surgery. Absolute numbers and
trends of calcium as well as total versus ionized calcium
measurements have been used to establish clinical guid-
ance. If calcium levels are stable or increase over an obser-
vation period, discharge is generally considered safe. If cal-
cium levels continue to decline despite medical treatment,
these patients require optimization of calcium replacement
therapy (and possibly magnesium) and ongoing observa-
tion until calcium stability or increase is observed (Table
4). Calcium levels, when used, are drawn the evening after
surgery, the following morning, and every 6 to 12 hours
thereafter as indicated.
Following calcium levels can also be confounded by cal-
cium prophylaxis, use of calcitriol, and preoperative vita-
min D status (Table 5) (25). A surgeon may underestimate
his/her rate of transient hypoparathyroidism as prophy-
laxis could mask symptoms and signs. Prophylaxis does
potentially hasten hospital discharge among thyroidec-
tomy patients (26-36). Calcium and/or PTH monitoring
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is strongly encouraged based on bilateral thyroid surgery
patients, surgeon experience, and locally available labora-
tory resources.

PARATHYROID SURGERY

There can be many parallels between thyroid and
parathyroid surgery when it comes to hypoparathyroid-
ism. Manipulation or removal of 1 or more unilateral para-
thyroid glands (i.e., in focused parathyroid exploration or
thyroid lobectomy), whether normal or hyperfunctioning,
generally does not result in transient hypoparathyroidism
(like thyroid lobectomy) as long as there are other ipsi- or
contralateral normal and undisturbed parathyroid glands.
Hypocalcemia can occur in patients at risk for hungry bone
syndrome including elderly patients with osteoporosis and
those with very large parathyroid adenomas/longstanding
parathyroid disease, but this is not true hypoparathyroid-
ism (37). Hypocalcemia may also be a risk for patients
with resected parathyroid cancer or those with “brown”
(osteoclastic) tumors.

In cases of total parathyroidectomy for multigland
parathyroid disease with autotransplantation, whether pri-
mary or secondary, a period of postoperative hypoparathy-
roidism can be anticipated. For this reason, some surgeons
prefer a subtotal parathyroid resection. Such patients will
require medical support during the immediate postopera-
tive period. This can be done with a high calcium bath or

Table 5
Calcium Prophylaxis Regimens
Calcium
Salt Carbonate 1,000-3,000 mg/day
Citrate 1,000-3,000 mg/day
Vitamin D
Preparation

1, 25 di OH cholecalciferol | 0.5-2 ng/day

25 OH cholecalciferol

1,000 IU/day

25 OH cholecalcifierol

50,000 IU/week x 8-12 weeks

(if insufficient or depleted (<30 ng/mL)

contain vitamin D

1. Calcium =+ vitamin D could be given; many calcium citrate preparations

ence, and patient tolerance

2. Calcium salt selection can be a matter of availability, cost, surgeon prefer-

OH vitamin D level if available

3. A decision to prescribe vitamin D might be based off of a preoperative 25

4. Patients given prophylaxis should be monitored for rebound hypercalcemia
and/or vitamin D toxicity as appropriate

5. Universal calcium prophylaxis is used by some practitioners for parathyroid
and total/completion thyroid surgery to facilitate same-day discharge (28)
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vitamin D metabolite administration as part of dialysis for
renal failure patients. Close monitoring of return of func-
tion of the autotransplanted graft is required so as to not
overshoot calcium and calcitriol replacement during the
graft recovery period. Parathyroid autotransplants may be
placed in neck or forearm muscle. The latter may be pre-
ferred to avoid revision neck surgery and recurrent laryn-
geal nerve injury.

Reoperative parathyroid surgery may cause permanent
hypoparathyroidism in 15 to 30% of patients. Immediate
fresh or delayed cryopreserved parathyroid autotransplan-
tation is the principal surgical option to resolve this com-
plication. In the reoperative setting, a portion of the excised
parathyroid tissue should be cryopreserved for possible
later autotransplantation in case the primary autograft fails
(22). Cryopreservation and reimplantation are challenging
and are most successful in experienced hands (38).

Similar diagnostic criteria for hypoparathyroidism and
the same treatment regimes that are employed for thyroid
surgical patients would be utilized in parathyroid surgery
patients as needed (39). The same approach to identifying
normal parathyroid glands and preserving their blood sup-
ply and autotransplanting ischemic normal glands with dis-
rupted pedicles during surgery is also suggested.

TREATMENT

Postoperative Prophylaxis

The best prophylaxis to avoid postoperative hypo-
calcemia after total thyroidectomy is intraoperative para-
thyroid gland preservation with a capsular dissection to
maintain the blood supply to the parathyroid glands. It is
not always necessary to visually identify all 4 parathyroid
glands to accomplish this. One retrospective study dem-
onstrated that operations identifying 1 or 2 parathyroid
glands had less hypocalcemia than operations identifying
3 to 4 parathyroid glands (40). This suggests that parathy-
roid glands lying a slight distance from the thyroid gland
are more difficult to identify but easier to maintain func-
tionally intact. Despite the goal of preserving parathyroid
glands, hypocalcemia will occur after 10 to 20% of thy-
roidectomies and is increased to 30% or more after thy-
roidectomy for Graves disease or thyroid cancer, particu-
larly when combined with a bilateral central compartment
lymph node dissection (18).

An all-inclusive prophylactic approach to preventing
postoperative hypocalcemia is to routinely initiate treat-
ment with oral calcium with or without calcitriol (41,42).
This can be the most cost-effective approach because of
the low cost of oral calcium preparations. Typically, cal-
cium carbonate is the preparation of choice, given as 500
to 1,000 mg 3 times a day. Routine oral calcium has been
demonstrated to reduce postoperative hypocalcemia to
approximately 10% Figure 1). Adding calcitriol, usually in
a dose of 0.5 to 1.0 mcg a day, increases the effectiveness
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of the oral calcium. In the hypomagnesemic patient, mag-
nesium supplementation may hasten the return to eucal-
cemia and diminish the constipation that is inherent with
high-dose calcium replacement. A prospective, random-
ized study after total thyroidectomy showed that 1,500 mg
oral calcium plus 1 mcg calcitriol BID was superior to 0.5
mcg of calcitriol BID or no calcitriol (18). This aggressive
prophylactic approach can occasionally result in hypercal-
cemia on postoperative blood testing, but this occurs infre-
quently. If hypercalcemia develops, it may be clinically
significant and warrants close follow-up for medication
adjustment to ensure eucalcemia. Routine use of calcitriol
is more expensive than calcium alone but is much less
costly than hospital admission.

There are 2 schools of thought regarding the approach
to postoperative calcium management: parathyroid splint-
ing versus “parathyroid stress testing.” The former asserts
that exogenous replacement of calcium and calcitriol
allows for gradual parathyroid recovery while at rest, as the
replacements are tapered over time and the parathyroid(s)
recover from their transient ischemic insult. The latter
proposes that managed mild hypocalcemia will stimulate
residual parathyroid tissue to recover by increasing demand
for PTH through stimulation of the calcium-sensing recep-
tor or by stimulating parathyroid cell growth. In fact, both
theories are speculative, and neither has been proven.

Given the low cost and ease of prophylactic calcium
therapy for patients at risk for hypoparathyroidism, univer-
sal calcium prophylaxis is recommended. Consideration
of the addition of calcitriol (and magnesium) should
be given in what appears to be more extreme cases of
hypoparathyroidism.

Acute Management of Hypoparathyroidism

Postoperative hypoparathyroidism can be quite dra-
matic, requiring aggressive intervention. Calcium levels
should be monitored at least every 12 hours and more
frequently if total calcium levels are <7 mg/dL, ionized
calcium is <1.0 mmol/L, or if symptoms of hypocalce-
mia (e.g., perioral numbness/tingling, positive Chvostek
or Trousseau sign, or carpopedal spasm) should occur.
Usually 1 to 3 grams of elemental calcium orally in divided
doses is sufficient. Calcium carbonate (40% elemental cal-
cium) or calcium citrate (21% elemental calcium) are most
commonly prescribed and should be taken with meals. The
solubility of calcium carbonate is dependent upon acidi-
fication, and achlorhydria may impede absorption; how-
ever, this is controversial (43). Patients on a proton pump
inhibitor or elderly subjects with achlorhydria should be at
least initially treated with calcium citrate, which does not
require an acidic environment for absorption.

If the calcium level is stable but remains <7 mg/dL,
calcitriol (0.5 mcg twice daily) can be added. Postoperative
PTH below the lower limit of normal and falling serum
calcium concentrations should be initially treated with
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plus calcitriol 0.5 mcg BID
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least 2 calcium levels within 8 limit of normal, or at least 2
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follow up
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“Consider this P Y galcium, check Mg level and
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mg/dL) on oral supplements and
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Fig. 1. Management of postoperative hypoparathyroidism. BID = bis in die (2 times/day); D/C = discharge; IV = intravenous; LLN = lower
limit of normal; Mg = magnesium; PO = per orem; PTH = parathyroid hormone; 7D = ter in die (3 times/day).
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1,000 mg of elemental calcium 3 times daily and calcitriol
(0.5 mg BID). If the serum magnesium is <1.6 mg/dL in a
patient without renal compromise, magnesium supplemen-
tation with magnesium oxide (400 mg BID) may enhance
calcemic recovery.

Hypocalcemic patients should be monitored overnight
with frequent measurement of calcium and magnesium
levels. If severe hypocalcemia develops with symptoms,
IV calcium should be administered as a bolus (1 to 2 g of
calcium gluconate [9% elemental calcium] in 50 mL of 5%
dextrose infused over 20 minutes) or infusion of a solu-
tion composed of 11 g calcium gluconate added to normal
saline or 5% dextrose water to provide a final volume of
1,000 mL administered at 50 mL/hour (equivalent to 50
mg/hour) and adjusted to maintain the calcium level in the
low normal range. Higher doses of oral calcium (3 to 4
grams of elemental calcium daily given in 3 to 4 doses)
should be initiated as soon as the patient can swallow oral
medication. Vitamin D analogs such as calcitriol should be
employed but may take up to 72 hours to be effective.

Calcitriol markedly increases the intestinal absorp-
tion of calcium and also liberates calcium from bone.
Calcitriol has a relatively short half-life, 5 to 8 hours, but
this can double in patients with renal failure. In contrast,
fat-soluble vitamin D3, cholecalciferol, has a half-life of
weeks to months (44). Therefore, toxicity from excessive
calcitriol can be reversed in days, whereas vitamin D3
toxicity can last for weeks (with the potential for soft tis-
sue calcification, renal stones, or permanent renal failure).
The dose of calcitriol can be increased in divided doses as
needed. After discharge, calcium levels should be moni-
tored at least twice weekly, anticipating a reduction in
calcitriol after steady state is achieved in approximately 1
week. Hypercalcemia may result once the demineralized
bone in Graves or hyperparathyroid patients has been
recalcified after several weeks to a month of treatment,
and the dose of calcitriol will often need to be further
reduced. Hypomagnesemia will result in PTH resistance,
and magnesium should be replaced to facilitate calcium
correction.

The majority of patients that develop severe hypo-
calcemia due to “hungry bone” will have had long stand-
ing hyperparathyroidism or Graves’ disease or secondary
hyperparathyroidism in the setting of chronic kidney dis-
ease (Table 1). Review of any available plain skeletal radio-
graphs taken preoperatively may be helpful in identifying
patients with evidence of a chronic increase in noncalcified
bone, lytic lesions, brown tumors, subperiostial erosions,
or osteitis fibrosa cystica. Other risk factors for the devel-
opment of hungry bone include older age (37), higher pre-
operative levels of calcium and PTH (39), chronic vitamin
D deficiency, and the size of the resected parathyroid gland
(37). These patients typically require early and aggressive
calcium and vitamin D supplementation and prolonged
monitoring.
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Long-term Management
of Hypoparathyroidism

There are no formal treatment guidelines for the long-
term management of hypoparathyroidism. The primary
goal of chronic management is to maintain serum cal-
cium within an asymptomatic range and to avoid signifi-
cant hypo- or hypercalcemia. To reduce the risk of symp-
toms, kidney stones, and ectopic soft tissue calcification,
it is recommended that serum calcium and phosphorus be
maintained in the low and high normal reference ranges,
respectively. Some authors have specifically recommended
keeping the 24-hour urine calcium excretion <7.5 mmol/
day and the calcium-phosphorus product <55 mg?/dL?. (45)
A high calcium phosphorus product poses a risk for cal-
ciphylaxis. This long-term patient management is usually
best accomplished under the care of an endocrinologist.

Calcium is typically provided as calcium carbonate
or calcium citrate. Doses ranging up to 9,450 mg per day
have been reported, with most patients requiring 1,500 mg
elemental calcium daily. Dosing is divided into 2 or 3 split
doses to maximize absorption. Calcitriol improves intes-
tinal calcium absorption and is almost always required.
Doses range from 0.125 to 4.0 mcg/day, with most patients
requiring 0.25 mcg daily. The doses are typically divided
when 1 mcg or more per day is required. Vitamin D2 (ergo-
calciferol) or vitamin D3 (cholecalciferol) are occasionally
used along with the activated metabolite of vitamin D (cal-
citriol) and may help to provide smoother control of cal-
cium levels.

Thiazide diuretics can be added to the regimen
when calcium control is difficult or hypercalcuria (>150
mg/24 h) is a problem. Thiazide diuretics enhance distal
renal tubular calcium reabsorption, thereby increasing
serum calcium and reducing urinary calcium excretion.
Hydrochlorothiazide (12.5-50 mg daily) can be effective.
Vitamin D therapy has the unwanted effect of increasing
intestinal phosphate absorption. When severe hyperphos-
phatemia is problematic, intestinal phosphate binders may
be necessary (45). Thiazide diuretics may have cross reac-
tivity in patients with a known sulfa allergy.

Serum calcium levels can still fluctuate once the patient
is stabilized on a regimen. In 1 retrospective chart review,
33% of patients required at least 1 emergency department
visit during the 31-year study period. Calcium levels may
rapidly become unstable in the setting of acute gastrointes-
tinal disease or acute kidney injury because it can alter vol-
ume status, serum magnesium levels, or calcium/vitamin
D absorption. Pregnancy presents another dynamic situ-
ation typically requiring frequent adjustments in calcium
and calcitriol supplements (8). During pregnancy, calcitriol
requirements may increase or decrease. During lactation,
calcitriol requirements may abruptly decrease, and failure
to be cognizant of this can result in severe hypercalcemia.
Serum calcium should be monitored a minimum of twice
annually in the otherwise stable patient.
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The long-term consequences of permanent hypo-
parathyroidism include nephrolithiasis, nephrocalcinosis,
basal ganglia calcifications, ectopic soft tissue calcifica-
tion, cataracts, potential defects in bone metabolism, and
an impaired quality of life. Rarely, kidney failure requir-
ing renal transplant has occurred. Periodic measurement
of 24-hour urine calcium is probably prudent, and some
physicians perform periodic renal ultrasound monitor-
ing. Bone mineral content tends to be increased in hypo-
parathyroidism, but cancellous bone microarchitecture in
hypoparathyroidism is abnormal, and the effect on fracture
risk is uncertain (45). Hypoparathyroidism may induce
greater bone stiffness that could make the skeleton more
predisposed to develop micro fractures when loaded (45).
Dual-energy X-ray absorptiometry testing is not likely to
help assess this risk. One area particularly prone to ectopic
calcification is the basal ganglion area of the brain (45),
but there are currently no formal recommendations for rou-
tine head computed tomography scanning. Additionally,
patients with hypoparathyroidism often report increased
anxiety and decreased sense of well-being compared to
controls. These symptoms are not improved with current
therapies (45,46).

A new option for the treatment of hypoparathy-
roidism recently approved by the U.S. Food and Drug
Administration in January 2015, is recombinant human
PTH (1-84), which is identical in structure to the full-
length endogenous hormone. The quality of life for these
patients can be poor, requiring daily medication, frequent
physician visits, and many episodes of breakthrough hypo-
calcemia symptoms. Recombinant PTH was studied in the
REPLACE trial (46). When injected subcutaneously into
the thigh once daily, 53% of patients were able to reduce
their calcium and vitamin D requirements by more than
50%, and 43% were able to achieve independence of vita-
min D and reduction in calcium to <500 mg daily (5).
Importantly, urinary calcium and serum phosphorus levels
were also reduced (47). The hope with these findings is
there might be a reduction in renal calculi. Recombinant
PTH may also restore normal bone metabolism and
improve bone microarchitecture (47). Furthermore, there
is evidence that PTH therapy improves quality of life indi-
ces (vitality, social functioning, mental health), as well as
physical functioning compared with usual care (46-48).

The medication is marketed under the brand name
Natpara®. It is indicated as an adjunct to calcium and vita-
min D to control hypocalcemia in patients with hypopara-
thyroidism. It is only recommended for patients who can-
not be well-controlled on calcium supplements and active
forms of vitamin D alone. It was not studied in patients with
acute postsurgical hypoparathyroidism. The label carries a
warning for potential risk of osteosarcoma, although this
was only observed in rats that received the drug at higher
levels than those used in humans. The drug is initiated at a
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dose of 50 mcg once daily and can be titrated to doses of
25,50, 75, or 100 mcg. Serum calcium must be monitored
3 to 7 days after starting the drug or adjusting doses.

CONCLUSION

Evaluation and management of central neck surgical
patients for postoperative hypoparathyroidism may present
challenges. The degree of symptomatology, ranging from
no manifestations to tetany, seizures, cardiac dysrhyth-
mias, and even myocardial dysfunction, makes accurate
identification of affected patients difficult, yet important.
An understanding of appropriate testing, prophylaxis, and
treatment of hypocalcemia is paramount for the thyroid
and parathyroid surgeon. Anticipating, monitoring, and
managing hypoparathyroidism in this patient population
can still produce consistently good results, even allowing
for successful outpatient surgery. Increased recognition of
this issue and implementation of the best medical and sur-
gical strategies can prevent bad clinical outcomes and a
diminished quality of life.

DISCLOSURE
The authors have no multiplicity of interest to disclose.

REFERENCES

1. Noordzij JP, Lee SL, Bernet V], et al. Early prediction
of hypocalcemia after thyroidectomy using parathyroid
hormone: an analysis of pooled individual patient data
from nine observational studies. J Am Coll Surg. 2007;205:
748-754.

2. Dralle H. Postoperative hypoparathyroidism: central neck
dissection is a significant risk factor [article in German].
Chirurg. 2012;83:1082.

3. American Thyroid Association Surgery Working
Group, American Association of Endocrine Surgeons,
American Academy of Otolaryngology-Head and Neck
Surgery, et al. Consensus statement on the terminology
and classification of central neck dissection for thyroid
cancer. Thyroid. 2009;19:1153-1158.

4. Walker Harris V, Jan De Beur S. Postoperative hypo-
parathyroidism: Medical and surgical therapeutic options.
Thyroid. 2009;19:967-973.

5. Leiker AJ, Yen TW, Eastwood DC, et al. Factors that
influence parathyroid hormone half-life: determining if new
intraoperative criteria are needed. JAMA Surg. 2013;148:
602-606.

6. Ebrahimi H, Edhouse P, Lundgren CI, et al. Does auto-
immune thyroid disease affect parathyroid auto transplan-
tation and survival? ANZ J Surg. 2009;79:383-385.

7. McKenzie TJ, Chen Y, Hodin RA, et al. Recalcitrant
hypocalcemia after thyroidectomy in patients with previous
Roux-en-Y gastric bypass. Surgery. 2013;154:1300-1306;
discussion 1306.

8. Krysiak R, Kobielusz-Gembala I, Okopien B. Hypo-
parathyroidism in pregnancy. Gynecol Endocrinol. 2011;
27:529-532.



684 Postoperative Hypoparathyroidism, Endocr Pract. 2015;21(No. 6)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Lassig AA, Donatelli PE, Teknos TN. Recalcitrant hypo-
calcemia in a lactating woman after total thyroidectomy for
papillary thyroid carcinoma. Head Neck. 2011;33:920-922.
Sitges-Serra A, Ruiz S, Girvent M, Manjon H, Duehas
JP, Sancho JJ. Outcome of protracted hypoparathyroidism
after total thyroidectomy. Br J Surg. 2010;97:1687-1695.
Thyroid Cancer Alliance. International thyroid can-
cer patient survey 2010. Available at: http://www.thy-
roidcanceralliance.org/files/survey_presentation_all_
results_20101027.pdf.

Middleton L, Stack Jr., BC, Riggs AT, Bodenner DL.
Vitamin D deficiency: a simple algorithm employing
weekly administration of 50,000 IU of vitamin D. Am J
Otolaryngol. 2014;35:85-88.

Rolighed L, Rejnmark L, Sikjaer T, et al. Vitamin D
treatment in primary hyperparathyroidism: a randomized
placebo controlled trial. J Clin Endocrinol Metab. 2014;
99:1072-1080.

LinY, Ross HL, Raeburn CD, et al. Vitamin D deficiency
does not increase the rate of postoperative hypocalcemia
after thyroidectomy. Am J Surg. 2012;204:888-894.
Schietroma M, Cecilia EM, Carlei F, et al. Dexamethasone
for the prevention of recurrent laryngeal nerve palsy and
other complications after thyroid surgery: a randomized
double-blind placebo-controlled trial. JAMA Otolaryngol
Head Neck Surg. 2013;139:471-478.

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

Promberger R, Ott J, Kober F, et al. Intra- and postop-
erative parathyroid hormone-kinetics do not advocate for
auto transplantation of discolored parathyroid glands dur-
ing thyroidectomy. Thyroid. 2010;20:1371-1375.

Karakas E, Osei-Agyemang T, Schlosser K, et al. The
impact of parathyroid auto transplantation during bilateral
surgery for Graves’ disease on postoperative hypocalcemia.
Endocr Regul. 2008;42:39-44.

Palazzo FF, Sywak MS, Sidhu SB, Barraclough BH,
Delbridge LW. Parathyroid auto transplantation during
total thyroidectomy--does the number of glands trans-
planted affect outcome? World J Surg. 2005; 29:629-631.
Lo CY, Lam KY. Routine parathyroid auto transplantation
during thyroidectomy. Surgery. 2001;129:318-323.

Lo CY, Tam SC. Parathyroid auto transplantation dur-
ing thyroidectomy: documentation of graft function. Arch
Surg. 2001;136:1381-1385.

Herrera M, Grant C, van Heerden JA, Fitzpatrick LA.
Parathyroid auto transplantation. Arch Surg. 1992;127:825-
829; discussion 829-830.

Lester SC, ed. Manual of Surgical Pathology. 2nd ed.
Amsterdam, The Netherlands: Elsevier; 2005.

Randolph GW. Surgery of the Thyroid and Parathyroid
Glands. 2nd ed. Philadelphia, PA: Saunders; 2013: 456.
Tartaglia F, Giuliani A, Sgueglia M, Biancari F, Juvonen
T, Campana FP. Randomized study on oral administration
of calcitriol to prevent symptomatic hypocalcemia after
total thyroidectomy. Am J Surg. 2005;190:424-429.
Scurry WC Jr, Beus KS, Hollenbeak CS, Stack BC Jr.
Perioperative parathyroid hormone assay for the diagno-
sis and management of postthyroidectomy hypocalcemia.
Laryngoscope. 2005;115:1362-1366.

Terris DJ, Snyder S, Carneiro-Pla D, et al. American
Thyroid Association statement on outpatient thyroidec-
tomy. Thyroid. 2013;23:1193-1202.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Copyright © 2015 AACE

Rutledge JR, Siegel ER, Belcher R, Bodenner DL, Stack
BC Jr. Barriers to same day discharge of total and comple-
tion thyroidectomy patients. Otolaryngol Head Neck Surg.
2014;150:770-774.

Lang BH, Yih PC, Ng KK. A prospective evaluation of
quick intraoperative parathyroid hormone assay at the time
of skin closure in predicting clinically relevant hypocalce-
mia after thyroidectomy. World J Surg. 2012;36:1300-1306.
Gentileschi P, Gacek 1A, Manzelli A, et al. Early (1
hour) post-operative parathyroid hormone (PTH) mea-
surement predicts hypocalcaemia after thyroidectomy: a
prospective case-control single-institution study. Chir Ital.
2008;60:519-528.

Grodski S, Serpell J. Evidence for the role of periopera-
tive PTH measurement after total thyroidectomy as a pre-
dictor of hypocalcemia. World J Surg. 2008;32:1367-1373.
AES Guidelines 06/01 Group. Postoperative parathyroid
hormone measurement and early discharge after total thy-
roidectomy: analysis of Australian data and management
recommendations. ANZ J Surg. 2007;77:199-202.
McCullough M, Weber C, Leong C, Sharma J. Safety,
efficacy, and cost savings of single parathyroid hormone
measurement for risk stratification after total thyroidec-
tomy. Am Surg. 2013;79:768-774.

Wiseman JE, Mossanen M, Ituarte PH, Bath JM, Yeh
MW. An algorithm informed by the parathyroid hormone
level reduces hypocalcemic complications of thyroidec-
tomy. World J Surg. 2010;34:532-537.

Raffaelli M, De Crea C, Carrozza C, et al. Combining
early postoperative parathyroid hormone and serum cal-
cium levels allows for an efficacious selective post-thyroid-
ectomy supplementation treatment. World J Surg. 2012;36:
1307-1313.

Sabour S, Manders E, Steward DL. The role of rapid
PACU parathyroid hormone in reducing post-thyroidec-
tomy hypocalcemia. Otolaryngol Head Neck Surg. 2009;
141:727-729.

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

Borot S, Lapierre V, Carnaille B, Goudet P, Penfornis
A. Results of cryopreserved parathyroid autografts: a retro-
spective multicenter study. Surgery. 2010;147:529-535.
Spiegel AM, Marx SJ, Brennan MF, et al. Parathyroid
function after parathyroidectomy: evaluation by mea-
surement of urinary cAMP. Clin Endocrinol (Oxf). 1981;
15:65-73.

Sheahan P, Mehanna R, Basheeth N, Murphy MS. Is
systematic identification of all four parathyroid glands nec-
essary during total thyroidectomy?: a prospective study.
Laryngoscope. 2013;123:2324-2328.

Singer MC, Bhakta D, Seybt MW, Terris DJ. Calcium
management after thyroidectomy: a simple and cost-
effective method. Otolaryngol Head Neck Surg. 2012;146:
362-365.

Wang TS, Cheung K, Roman SA, Sosa JA. To supple-
ment or not to supplement: a cost-utility analysis of cal-
cium and vitamin D repletion in patients after thyroidec-
tomy. Ann Surg Oncol. 2011;18:1293-1299.

Hansen KE, Jones AN, Lindstrom MJ, et al. Do proton
pump inhibitors decrease calcium absorption?. [Erratum
appears in J Bone Miner Res. 2011 Feb;26:439]. J Bone
Miner Res. 2010;25:2786-2795.



Copyright © 2015 AACE

44,

45.

46.

47.

Marcus R. Agents affecting calcification and bone turn-
over.In: Hardman JG, Limbird LE, eds. Goodman and
Gilman’s The Pharmacological Basis of Therapeutics. 9th
ed. New York, NY: McGraw-Hill; 1996: 1519-1546.
Bilezikian JP, Khan A, Potts JT Jr, et al. Hypo-
parathyroidism in the adult: Epidemiology, diagnosis,
pathophysiology, target-organ involvement, treatment, and
challenges for future research. J Bone Miner Res. 2011;26:
2317-2337.

Mannstadt M, Clarke BL, Vokes T, et al. Efficacy and
safety of recombinant human parathyroid hormone (1-84)
in hypoparathyroidism (REPLACE): a double-blind,
placebo-controlled, randomized, phase 3 study. Lancet
Diabetes Endocrinol. 2013;1:275-283.

Cusano NE, Rubin MR, McMahon DJ, et al. The effect
of PTH(1-84) on quality of life in hypoparathyroidism. J
Clin Endocrinol Metab. 2013;98:2356-2361.

48.

49.

50.

51.

Postoperative Hypoparathyroidism, Endocr Pract. 2015;21(No. 6) 685

NPS Pharmaceuticals Inc. Natpara (parathyroid hormone)
for injection, full prescribing information and medica-
tion guide, 1/23/15. Available at: https://natpara.com/
professional-medication-guide/PDF.

Toniato A, Pelizzo MR. Importance of early intraoperative
parathyroid hormone assay. Arch Surg. 2004;139:343.
Nahas ZS, Farrag TY, Lin FR, Belin RM, Tufano RP. A
safe and cost-effective short hospital stay protocol to iden-
tify patients at low risk for the development of significant
hypocalcemia after total thyroidectomy. Laryngoscope.
2006;116:906-910.

Bentrem DJ, Rademaker A, Angelos P. Evaluation of
serum calcium levels in predicting hypoparathyroidism
after total/near-total thyroidectomy or parathyroidectomy.
Am Surg. 2001;67:249-251.



