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Parathyroidectomy is the mainstay of treatment for hyperparathyroidism. Operative
intervention in a previously unexplored neck can yield cure rates greater than 95% 1,2.
Unfortunately, once a patient has undergone neck surgery, such as in the case of failed
parathyroidectomy, reoperation leads to cure rates of only 80% 3,4. Similarly, complication
rates associated with parathyroidectomy have been found to be much greater during
reoperations than initial surgeries 3. The significantly lower success rate for reoperation
combined with the higher complication rate, illustrates the need for a surgeon to achieve
eucalcemia at the initial operation.

Hyperparathyroidism
Hyperparathyroidism is as an elevation in parathyroid hormone (PTH) levels (normal 10-65
pg/mL) causing hypercalcemia (normal 8.5-10.5 mg/dL). The symptoms of
hyperparathyroidism are varied and at times vague, affecting multiple organ systems (Table
1) 5. For patients with distinct symptoms which can be attributed to the elevation in calcium
levels, such as nephrolithiasis, bone disease, and cardiovascular abnormalities, surgical
intervention is warranted. Many other patients with hyperparathyroidism are asymptomatic
and are found to have an elevated calcium level on routine blood testing. Although these
patients appear asymptomatic studies have shown that they have vague neurologic
symptoms which improve with surgery 6,7. Furthermore, quality of life markedly improves
in “asymptomatic patients” after parathyroidectomy 8. Similarly, data have shown that bone
mass increases significantly in patients after parathyroidectomy 9. In 2009 guidelines were
established for when asymptomatic patients should undergo surgery (Table 2) 10.

Most commonly hyperparathyroidism is due to a primary disorder of the parathyroid glands.
A single parathyroid adenoma accounts for around 80% of the cases of primary
hyperparathyroidism, with double adenomas and multi-gland hyperplasia making up the
remaining 20% 11,12. Rarely, primary hyperparathyroidism will be the result of parathyroid
carcinoma. In the United States primary hyperparathyroidism is a fairly common disease
with an annual incidence of approximately 100,000 individuals 13. The incidence is
increased in the elderly and in women, with 2/1000 women over 60 years of age being
affected yearly 13. The mainstay of treatment for patients suffering from primary
hyperparathyroidism is parathyroidecotmy.
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Secondary hyperparathyroidism is an excess secretion of PTH that occurs in response to
hypocalcemia, most often due to chronic renal failure. It has been estimated that as many as
90% of patients with renal failure who require hemodialysis suffer from secondary
hyperparathyroidism 14. Malabsorption and other disorders causing calcium and vitamin D
deficiencies such as rickets and osteomalacia are less common causes of secondary
hyperparathyroidism. Up to 2% of patients with secondary hyperparathyroidism will require
parathyroidectomy 15.

Tertiary hyperparathyroidism occurs in those patients with secondary hyperparathyroidism
due to chronic renal failure who undergo renal transplantation and continue to have
persistent hyperparathyroidism. Tertiary hyperparathyroidism affects up to 30% of kidney
transplant recipients and 1-5% will require surgical management 15-17.

Parathyroidectomy is the standard treatment for patients with primary hyperparathyroidism
and for those with secondary and tertiary hyperparathyroidism requiring surgical
intervention. Therefore regardless of the cause, the ability to perform a safe and successful
operation is imperative for surgeons treating this population of patients.

Surgical Failure
Surgical failure for hyperparathyroidism results in persistent disease, where hypercalcemia
either continues after the initial surgery or recurs within 6 months of the operation. In
contrast, recurrent hyperparathyroidism occurs when a patient becomes hypercalcemic after
6 months of normal post-operative calcium levels. Although there are instances where re-
operative surgery is unavoidable, for many patients their second operations are due to
inadequate or inappropriate initial surgeries. Mitchell and colleagues examined this in a
study on patients undergoing reoperations for thyroid and parathyroid surgery 18. They
established criteria for avoidable and unavoidable parathyroid reoperations (Table 3).
According to them avoidable reoperations occurred due to errors in judgment, illustrated by
a surgeon performing a focal exploration or re-exploration without appropriate pre-operative
localization which then leads to persistent hyperparathyroidism. Technical errors are also
responsible for avoidable re-operative parathyroidectomy, such as a missed gland in its
normal anatomic location. In a review of l30 patients undergoing re-operative
parathyroidectomy, Udelsman and associates, reported that 91 glands were found in their
normal anatomic locations 19. The remaining glands were found in the retroesophageal
space, mediastinal thymus, carotid sheath, submandibular space, aortopulmonary window,
or were intrathyroidal. Regardless of the location of the abnormal gland, Udelsman was able
to achieve a 95% success rate, demonstrating that experienced surgeons with knowledge of
the ectopic locations of parathyroid glands can perform successful parathyroidectomies and
had they operated on these patients initially, a majority of reoperations could have been
avoided.

In the early nineties there began to be an increased interest in the correlation between
hospital and/or surgeon volume and clinical outcomes. Several studies of patients
undergoing coronary artery bypass surgery, colectomy, gastrectomy, and pancreatic
resection demonstrated that high volume centers and surgeons had better outcomes than
those considered to be less experienced 20-22. Similar studies have been performed by
multiple authors regarding hospital and/or clinician volume as it correlates to outcomes in
endocrine surgery. One of the first studies by Sosa and colleagues in 1998 demonstrated that
high volume surgeons performing more than 50 parathyroidectomies yearly had
significantly lower complication rates after both initial and re-operative
parathyroidectomy 3. In the same study the authors also showed a significantly higher in-
hospital mortality rate if parathyroidecotmy was performed by a low volume surgeon.
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Several years later, Stavrakis and collaborators showed a decrease in morbidity, mortality,
and length of stay after thyroidectomy and parathyroidecotmy with an increase in hospital
and surgeon experience 23.

More recently, researchers have begun to examine whether surgeon and hospital volume
affects surgical cure rates in parathyroidectomy. In Mitchell's study, after defining avoidable
and unavoidable parathyroid reoperations, they sought to determine if hospital volume
correlated with the incidence of avoidable reoperations 18. They defined low volume centers
as those performing less than 20 cases per year and high volume centers as greater than 20
cases annually. They examined 146 cases of re-operative parathyroidectomies and found
that the low volume centers had significantly higher rates of avoidable reoperations when
compared to the high volume centers (76% vs. 22%, p<0.001). Interestingly, when they
compared high volume centers performing 21-50 cases per year to those performing greater
than 50, they found that the high volume centers performing the fewest cases were
responsible for the majority of avoidable parathyroid reoperations. These findings are
supported by a paper by Chen and colleagues, where they defined preventable operative
failures as those occurring due to a missed abnormal gland in a normal anatomic location 24.
They defined high volume hospitals as those performing greater than 50 cases yearly and
low volume centers as performing less than 50 per year. They identified 159 patients who
underwent initial unsuccessful parathyroidectomy who were later cured with reoperation.
Patients operated on at low volume centers were more likely to have a missed parathyroid
gland in a normal anatomic location compared to those undergoing parathyroidectomy at a
high volume hospital (89% vs. 13%, p<0.0001). During their follow-up all 159 patients
undergoing remedial parathyroid operations were cured of their disease. These studies
illustrate the importance of not only surgical experience in being able to perform a curative
parathyroidectomy at the initial operation, but in having a high volume surgeon perform the
reoperation.

Reoperation for hyperparathyroidism
Re-operative parathyroid surgery is technically challenging due to the presence of scar
tissue, loss of previous tissue planes, and changes in normal anatomy. This not only
contributes to a lower cure rate, but an increase in injuries to the recurrent laryngeal nerves
and remaining parathyroid glands. To achieve a higher cure rate and lower complication rate
experts in the field of endocrine surgery who perform many re-operative
parathyroidectomies annually recommend adjuncts to improve outcomes. Prior to
undertaking re-operative surgery, a detailed pre-operative assessment should be performed
in an attempt to localize the aberrant tissue. If this is unsuccessful, several intra-operative
adjuncts can aide a surgeon in executing a successful parathyroid re-operation.

Pre-operative assessment
Many studies on re-operative parathyroidectomy have demonstrated improved cure rates
with the utilization of various pre-operative imaging modalities (Table 4). One of the most
commonly used studies is ultrasonography due to its ease of use, low cost, and non-invasive
nature. Ultrasound can visualize intra-thyroidal parathyroid glands and those in the area of
the carotid sheath and jugular vein, but glands which are retroesophageal or retrotracheal are
difficult to localize (Figure 1). The sensitivity and positive predictive value of ultrasound
varies depending on operator experience, size of the parathyroid gland, and image
resolution, but have been found to be as high as 86% and 100% respectively 25,26. Sestamibi
scintigraphy is another commonly used noninvasive technique for localizing parathyroid
tissue and can visualize glands in ectopic locations (Figure 2). Similar to neck ultrasounds,
the sensitivity and positive predictive value of sestamibi is variable, but can reach 90% and
100% respectively 25,26. For glands that can not be localized by ultrasound or sestamibi
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scanning, either computed tomography (CT) scanning, magnetic resonance imaging (MRI),
or positron emission tomography (PET) can be utilized. These modalities are more
expensive, but may be the only method for identifying disease in the mediastinum and other
ectopic locations (Figure 3).

When non-invasive imaging studies are unable to localize an aberrant gland, more invasive
tests need to be undertaken. If a suspicious gland if visualized on ultrasound, the diagnosis
can be confirmed with fine needle aspiration biopsy. A PTH greater than 1,000 pg/mL is
indicative of an abnormal gland 27. Arteriography and venous sampling can be done pre-
operatively as well as in the operating room (Figure 4). These two invasive techniques are
expensive and associated with complications such as arterial injuries and venous thrombosis
and are therefore used less frequently than other studies.

In his series of 130 patients undergoing re-operative exploration for primary
hyperparathyroidism, Udelsman and colleagues described the use of multiple pre-operative
imaging techniques in planning their surgeries 19. They routinely used sestamibi scanning,
ultrasound, MRI, CT, venous localization, and fine needle aspiration biopsy with
sensitivities of 79%, 74%, 47%, 50%, 93%, and 78% respectively. Similarly, in a study by
Yen and associates, they reported their series of 39 patients undergoing reoperation for
recurrent or persistent hyperparathyroidism with a success rate of 92%, higher than most
published reports for re-operative parathyroidectomy 28. They advocated that all patients
undergoing re-operative surgery for hyperparathyroidism should undergo both sestamibi
scanning and ultrasonography of the neck. Powell and colleagues have also shown improved
cure rates of 92% and a decrease in the use of invasive imaging with the use of both
sestamibi and ultrasound imaging 29. In their review of 46 patients, Hessman and co-authors
utilized sestamibi, PET, ultrasound, fine needle aspiration biopsy, and selective venous
sampling to achieve a 98% cure rate, emphasizing that with appropriate pre-operative
imaging and planning surgical cure for re-operative hyperparathyroidism is attainable.

Operative technique
Once the decision to take a patient back to the operating room has been made a surgeon has
several ways to approach the operation. Many surgeons favor a medial approach through the
patient's previous incision which allows for bilateral neck exploration 30. This approach can
be technically difficult due to adhesions and distortion of the normal anatomy. The lateral
approach is another option, which avoids the previous operative planes by dissecting lateral
to the strap muscles, but in the event the abnormal parathyroid gland is not located, further
dissection will be necessary. Pre-operative imaging allows for a surgeon to better plan their
operative approach and at times, if the abnormal gland can not be located both a medial and
lateral approach may be necessary. There are patients in whom the abnormal parathyroid
gland can not be resected via a neck incision and either a median sternotomy or a
transthoracic approach may be necessary to retrieve an intrathymic gland or one near the
aortopulmonary window 31,32.

There are two intra-operative adjuncts available to surgeons that can improve cure rates in
re-operative parathyroidectomy. Use of the intra-operative parathyroid hormone assay
(IoPTH) allows for rapid identification of a fall in PTH levels after the abnormal gland is
resected 2. Prior to undergoing surgical exploration, a baseline PTH value is obtained and
once the abnormal gland is excised PTH values are drawn at 5, 10, and 15 minutes after
excision. By definition, the PTH must fall by at least 50% from the baseline or highest value
to be considered adequate 33. If a fall of 50% is not achieved then further exploration should
be performed looking for another abnormal gland or for hyperplasia. The use of IoPTH in
improving outcomes in initial parathyroidectomy has been reported in multiple studies 342.
Similarly, its utilization in remedial parathyroid surgery has been shown to be equally
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effective. In a study from Powell and colleagues, they reported a sensitivity and specificity
of IoPTH of 99% and 80% respectively, and had an overall cure rate of 92% 29. Irvin and
colleagues demonstrated an improvement in their cure rates for reoperation from 76% to
94% with the introduction of IoPTH 35.

The radio-guided gamma probe is another useful intra-operative adjunct that has been shown
to increase cure rates in re-operative parathyroidectomy. With this technique patients are
injected with radio-labeled sestamibi 1-2 hours prior to parathyroidectomy. Background
counts are obtained by placing the probe on the skin overlying the thyroid isthmus prior to
incision. Once the operation is begun the probe is used to scan the field for counts greater
than the initial background count. When the abnormal gland is identified and excised the ex
vivo count should be greater than 20% of the background count 36,37. In a review by Cayo
and colleagues they reported a case of a patient in whom pre-operative sestamibi had
identified a right inferior gland, but he had previously undergone 2 failed parathyroid
explorations 38. With the use of the gamma probe, they were able to locate an enlarged
parathyroid gland on right directly on the spine behind the esophagus and the patient was
subsequently cured. In a series of 110 patients undergoing reoperation, Pitt and associates
reported a cure rate of 96% with the use of the radio-guided gamma probe 39. Concern has
been raised as to whether the gamma probe is useful in the setting of a negative sestamibi
scan, but Chen and colleagues were able to demonstrate utility of the radio-guided gamma
probe regardless of the pre-operative sestamibi findings 40. In this study, all 769 patients had
their abnormal glands localized by the gamma probe, regardless of the pre-operative
sestamibi findings with a final cure rate of 98%.

More recently, with the increased use of IoPTH and the radio-guided gamma probe surgeons
have been performing minimally invasive parathyroidectomy. With this approach, a small
incision is made to allow for a limited dissection to resect the parathyroid gland. This
approach is only recommended if pre-operative imaging has definitively identified the
abnormal parathyroid tissue, but with the use of these intra-operative adjuncts success rates
comparable to those of open parathyroidectomy have been reported. In their series of 656
consecutive patients, Udelsman and colleagues performed 61% of cases using the standard
technique and 39% via the minimally invasive approach 1. They demonstrated an overall
98% success rate for the series with no difference between the two approaches. Similarly,
Chen and associates also demonstrated a 98% success rate with the minimally invasive
approach with the combination of radio-guided gamma probe and IoPTH 36.

Despite a surgeon's best efforts, there are patients in which the abnormal parathyroid gland
remains unidentified. In this instance many surgeons advice performing ligation of the blood
supply to the missing gland 19. Since the parathyroid glands have an end organ blood
supply, it can be eliminated by tying off the ipsilateral inferior thyroidal artery. Udelsman
and colleagues reported their success with this technique which led to surgical cure in 3
patients undergoing re-operative parathyroidectomy 19.

Conclusion
Hyperparathyroidism is a disease that is seen often in the United States. Patients may present
with a wide variety of symptoms affecting multiple organs, but frequently they are found to
be hyperparathyroid on a routine blood examination. Although, these patients may be
asymptomatic, new consensus guidelines exist for when they should undergo surgery and
several studies have shown multiple benefits from operative intervention. Surgical cure rates
can be over 95%, but in the event that the initial surgery is unsuccessful, the cure rate
becomes 80%. In the hands of experienced surgeons, both initial cure rates and those for
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reoperations are much higher, illustrating that surgical volume does affect failure in
parathyroid surgery.
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Figure 1.
Neck ultrasound revealing an intrathyroidal right parathyroid gland.
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Figure 2.
Sestamibi scintigraphy revealing a left inferior parathyroid gland in the mediastinum.
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Figure 3.
CT scan demonstrating a right sided parathyroid adenoma in the tracheoesophageal groove.
From Powell A, Alexander H, Chang R, et al. Reoperation for parathyroid adenoma: a
contemporary experience. Surgery. Dec 2009;146(6):1144-1155; with permission.
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Figure 4.
Arteriogram demonstrating a parathyroid gland in the right tracheoesophageal groove. From
Powell A, Alexander H, Chang R, et al. Reoperation for parathyroid adenoma: a
contemporary experience. Surgery. Dec 2009;146(6):1144-1155; with permission.
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Table 1

The symptoms of hyperparathyroidism are non-specific and varied, affecting multiple organ systems. Data
from Doherty GM. Parathyroid Glands. In: Mulholland MW, ed. Greenfield's Surgery: Scientific Principles
and Practice. Fourth ed: Lippincott Williams & Wilkins; 2006.

SYMPTOMS OF HYPERPARATHYROIDISM

1. Neurologic manifestations

    Depression

    Muscle weakness

    Fatigue

    Memory loss

    Ataxia

    Coma

2. Gastrointestinal manifestations

    Constipation

    Nausea and vomiting

    Pancreatitis

    Peptic ulcer disease

3. Renal manifestations

    Uremia

    Nephrolithiasis

4. Cardiovascular manifestations

    Hypertension

    Arrhythmias

    Coronary artery disease

    Shortened QT interval

5. Bone manifestations

    Bone pain

    Fractures
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Table 2

Guidelines for surgical intervention in patients found to be hyperparathyroid, who appear to have no clinical
symptoms of the disease. Data from Bilezikian J, Khan A, Potts JJ, Hyperthyroidism TIWotMoAP. Guidelines
for the management of asymptomatic primary hyperparathyroidism: summary statement from the third
international workshop. J Clin Endocrinol Metab. Feb 2009;94(2):335-339.

GUIDELINES FOR ASYMPTOMATIC PATIENTS UNDERGOING PARATHYROIDECTOMY

1. Total serum calcium >1.0 mg/dL above the upper limit of normal.

2. Age < 50.

3. Decrease in creatinine clearance to <60 mL/min.

4. Bone mineral density T score <-2.5 and/or history of fragility fracture.

5. Inability to comply with annual surveillance.
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Table 3

Classification of parathyroid reoperations as either avoidable or unavoidable. Avoidable operations were
either due to technical errors during the case or due to errors in judgement occurring pre-operatively or during
the operation. Data from Mitchell J, Milas M, Barbosa G, Sutton J, Berber E, Siperstein A. Avoidable
reoperations for thyroid and parathyroid surgery: effect of hospital volume. Surgery. Dec 2008;144(6):
899-906; discussion 906-897.

CLASSIFICATION OF PARATHYROID REOPERATIONS

Avoidable Unavoidable

1. Missed gland in a normal anatomic location 1. Persistent hyperparathyroidism after appropriate pre-operative
imaging and intra-operative PTH drop

2. Persistent hyperparathyroidism after exploration without localization
or intra-operative PTH drop 2. Persistent hyperparathyroidism due to ectopic gland not

visualized on pre-operative imaging
3. Persistent hyperparathyroidism in patients with secondary and tertiary
hyperparathyroidism or MEN syndrome after less than a subtotal
parathyroidecotmy

3. Persistent hyperparathyroidism due to a supernumerary gland

4. Recurrent hyperparathyroidism
4. Re-exploration without appropriate pre-operative imaging
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Table 4

Multiple non-invasive imaging techniques are available for pre-operative assessments of patients undergoing
reoperations for hyperparathyroidism. In the event that the non-invasive techniques are unsuccessful, invasive
modalities such as fine needle aspiration biopsy, arteriography, and venous sampling may be undertaken.

PRE-OPERATIVE STUDIES IN RE-OPERATIVE PARATHYROIDECTOMY

Non-Invasive Techniques

Ultrasonography

Sestamibi scintigraphy

Computed tomography scan

Magnetic resonance imaging

Positron emission tomography scanning

Invasive Techniques

Fine-needle aspiration

Arteriography

Venous sampling
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