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Chapter 1
Embryology and Anatomy of the Parathyroid 
Glands

William R. Burns and Alan P.B. Dackiw

 Introduction

As with most surgical procedures, a surgeon’s knowledge of the relevant anatomy is 
critical to the technical success of operations on the parathyroid glands. This knowl-
edge must encompass more than just an understanding of the anatomy of the normal 
neck; it must also include an understanding of the variant anatomy and aberrant 
anatomic relationships that may be encountered. The process is reinforced by an 
appreciation and understanding of not only parathyroid anatomy but also parathy-
roid embryology. This chapter reviews the embryology and anatomy of the parathy-
roid glands in a clinically relevant manner. Furthermore, it details recent advances 
in our understanding of the molecular mechanisms of parathyroid development. Our 
aim is to reinforce the link between embryology and surgical anatomy in the context 
of parathyroid surgery such that parathyroid glands are successfully identified and 
operative morbidity is minimized. We also intend for this to serve as a reference and 
preface to the other chapters in this text.
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 A Historical Perspective

The importance of a detailed understanding of parathyroid embryology and anat-
omy is perhaps best appreciated by reviewing what may well be the most challeng-
ing case of persistent hyperparathyroidism in the surgical literature. Seventy-one 
years after Felix Mandl first removed a parathyroid tumor from his patient Albert J., 
a Viennese streetcar conductor with osteitis fibrosa cystica, the management of 
parathyroid disease remained a dilemma. So much so that at the 67th Annual Session 
of the Pacific Coast Surgical Association, Dr. Claude Organ noted:

“William Halsted remarked once that ‘It seems hardly creditable that the loss of bodies so 
tiny as the parathyroid should be followed by results so disastrous.’ The second hardest 
decision is when to operate; the hardest decision is when to reoperate. It was inevitable with 
the dramatic increase in identification of the hypercalcemic syndromes and the increase in 
parathyroid surgery that we would eventually have to deal with the failed operation” [1].

While Mandl and his Austro-German colleagues were describing the physiology 
of hyperparathyroidism and anatomy of the parathyroid glands in the early twenti-
eth century, parallel work was taking place across the Atlantic in the United States. 
Sea Captain Charles Martell, a World War I veteran, would become the first 
American patient diagnosed with hyperparathyroidism in 1926. Born in 1896  in 
Somerville, Massachusetts, Martell attended the Massachusetts Nautical School 
and graduated at the top of his class. He joined the World War I effort and was sta-
tioned near Liverpool. Following the armistice in 1918, he returned home to 
Massachusetts. At that time, he began experiencing back and groin pain that he 
attributed to his physical duties on the ship and rheumatism. The captain returned to 
the US Merchant Marines where he traveled throughout the world. At that time, his 
fellow officers noted that his physical appearance was beginning to change. He 
slowly lost height and his chest developed a pigeon deformity. Over time, he was no 
longer the athletic, vigorous, six-foot-one- inch man of the past. Meanwhile, he 
began passing what was described as “urinary gravel.” Over the next several years, 
he was in and out of domestic and foreign hospitals due to multiple extremity frac-
tures. In 1926, Captain Martell came under the care of Dr. Eugene F. DuBois at 
Bellevue Hospital in New York City. Unaware of Dr. Mandl’s investigations of the 
patient Albert J., (who was found to have a parathyroid tumor associated with von 
Recklinghausen’s disease as the cause of his osteitis fibrosa cystica) several years 
earlier in Austria, DuBois obtained a sample of blood from Martell. This revealed 
hypercalcemia. DuBois went on to identify that more calcium was being excreted 
than consumed by Martell. This was the first tentative diagnosis of hyperparathy-
roidism in the United States. Martell was referred to Massachusetts General Hospital 
in Boston where the senior thyroid surgeon, Edward P.  Richardson, explored 
Martell’s neck. A parathyroid gland was removed, but ultimately the pathology was 
normal and his hypercalcemia persisted. Over the next five neck explorations 
Martell underwent, his remaining parathyroid glands were removed without 
improvement in his disease. Finally, on November 2, 1932, at the seventh operation, 
Dr. Edward A. Churchill, Chief of Surgery at the Massachusetts General Hospital, 
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performed an anterior mediastinotomy, which revealed a 2.5 cm parathyroid ade-
noma. Following this exploration and adenoma resection, Martell’s serum calcium 
levels fell for the first time. Unfortunately, he developed hypocalcemia and tetany. 
Despite successful surgery, the years of chronic renal disease secondary to hyper-
calciuria and nephrocalcinosis caused his ultimate demise. Following a complicated 
postoperative course managing his fluids and electrolytes, he developed a left-sided 
kidney stone which became impacted and ultimately led to acute renal failure and 
subsequently his death. Despite the loss, Martell and his doctor’s persistence in 
attempting to identify the underlying cause of his illness resulted in significant con-
tributions to medical and surgical knowledge. In retrospect, over eight decades later, 
this ectopic parathyroid adenoma was in a seemingly likely location given our cur-
rent knowledge of parathyroid embryology and anatomy. With this knowledge in 
mind and with the improved parathyroid imaging techniques we enjoy today, per-
haps he would have been cured at his first operation [2, 3].

The unfortunate case of sea captain Charles Martell and his seven operations, 
before a mediastinal parathyroid adenoma was discovered, highlights the difficulty 
of treating this disease, as well as how current diagnostic modalities can help pre-
vent nontherapeutic parathyroid surgery and the associated morbidity of such opera-
tions. As compared to over 80 years ago when Captain Martell presented with his 
ectopic parathyroid gland, improved knowledge of potential sites for ectopic and 
supernumerary glands along with superior imaging techniques provides surgeons 
the opportunity to avoid multiple unnecessary operations. In view of this, it cannot 
be overemphasized how critical knowledge of the embryologic development and 
anatomic distribution of the parathyroid glands is for the surgeon treating patients 
with recurrent or ectopic disease in striving to perform a low morbidity operation.

 Embryology and Anatomy

Like the thyroid gland (an outpouching of pharyngeal endoderm), the epithelial 
origin of the parathyroids is also the pharyngeal endoderm. The parathyroid glands, 
however, develop from the third and fourth pharyngeal pouches beginning in the 
fifth week of gestation (Fig. 1.1). The inferior glands are derived from the dorsal tip 
of the third pharyngeal pouch, as is the thymus. This collection of tissue, often 
referred to as the “parathymus,” descends anteroinferiorly until the parathyroids 
find their position at the lower border of the thyroid lobes; the thymus, however, 
continues inferiorly into the anterior mediastinum. The superior glands, on the other 
hand, arise from the fourth pharyngeal pouch. By the sixth week of gestation, these 
superior glands separate from their origin, migrate inferiorly, and come to rest just 
superior and medial to the inferior glands. Their usual location approximates the 
point at which the inferior thyroid artery enters the thyroid gland or at which the 
inferior thyroid artery crosses the recurrent laryngeal nerve. Therefore, while the 
inferior glands begin more superiorly, they pass the superior glands on their descent 
and are named “inferior” based on their mature location (Fig. 1.2).

1 Embryology and Anatomy of the Parathyroid Glands
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To elaborate and consider this in further detail, the entire head and neck region is 
derived from ectoderm, mesoderm, endoderm, and neural crest-derived cells. 
During the fourth and fifth weeks of development, the pharyngeal, or branchial 
arches arise from a core of mesoderm that is lined internally by endoderm of the 
primitive foregut and externally by surface ectoderm. Bars of mesenchymal tissue 
become separated by deep grooves known as branchial clefts. Simultaneously, five 
pairs of outpockets develop along the lateral walls of the most cranial portion of the 
foregut, the pharyngeal gut. These outpockets are known as the pharyngeal pouches 
(Figs. 1.1 and 1.2). Unique to both the third and fourth pharyngeal pouches, dorsal 
and ventral wings develop bilaterally [4–7].

During the fifth week of embryogenesis, the endodermally derived epithelium of 
the third pouch differentiates. The dorsal wing becomes the right and left inferior 
parathyroid glands, respectively, while the ventral wing forms a portion of the thy-
mus that will later coalesce. Bilaterally, the gland primordia lose their connection 
with the pharyngeal wall in order to allow migration in a caudal and medial direc-
tion. The rapid movement of the paired thymic counterparts toward the anterior 
mediastinum in the thorax draws the inferior parathyroid glands with them (Fig. 1.2). 
Upon arrival in the thorax, the thymic counterparts fuse to form the final gland. 
Occasionally, this fails to occur completely, and a tail of thymic remnant may per-
sist in the thyroid gland (derived as noted from an outpouching of the pharyngeal 
endoderm; foramen cecum in the adult) or as an independent island of thymic tissue 
in the neck. As the thymus descends, the inferior parathyroid glands migrate to their 
final location most commonly along the inferoposterior aspect of the thyroid gland. 
However, the migration is highly variable and the glands can be found at any location 

Fig. 1.1 Migration of the thyroid, parathyroids, and pharyngeal pouch derivatives. The thyroid, 
parathyroid glands, and ultimobranchial bodies migrate inferiorly from their origin in the embryo. 
Courtesy of Tim Phelps © JHU/AAAM 2004, Department of Art as Applied to Medicine, The 
Johns Hopkins University School of Medicine
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from intrathyroidally to along the thyrothymic ligament to within the thymus if the 
dorsal and ventral wings of the third pouch fail to separate. This variability of each 
parathyroid gland is independent of the migration of the contralateral gland, thereby 
resulting in significant variability in adults. Nonetheless, the lower parathyroid 
gland is typically located anterior to the recurrent laryngeal nerve.

Similar to the third pouch, the fourth pharyngeal pouch also divides into a dorsal 
and ventral wing. Again, the dorsal wing forms parathyroidal nests that give rise to 
the superior parathyroid glands bilaterally. The ventral wings develop into the ulti-
mobranchial body, which will later become incorporated into the thyroid gland and 
become the parafollicular or C cells that secrete calcitonin. The superior parathyroid 
glands invaginate and attach themselves to the caudally migrating thyroid gland 
(Figs.  1.1 and 1.2). Ultimately, the bilateral superior parathyroid glands usually 
locate symmetrically, either in close association with the superior pole of the thy-
roid gland or occasionally within the thyroid gland itself. A majority of the superior 
glands are posterolateral in location and lie just above or just below the intersection 
of the inferior thyroid artery and the recurrent laryngeal nerve but posterior to the 
recurrent nerve.

Fig. 1.2 (a) The upper (IV) and lower (III) parathyroids exchange position as they migrate; 
parathyroid III becomes the inferior parathyroid, whereas parathyroid IV becomes the superior 
parathyroid. (b) The inferior parathyroid has a more variable location due to its longer migration 
and may commonly be found in the thyrothymic ligament or the thymus itself. Courtesy of Tim 
Phelps © JHU/AAAM 2004, Department of Art as Applied to Medicine, The Johns Hopkins 
University School of Medicine

1 Embryology and Anatomy of the Parathyroid Glands
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It is the numerous variations in embryologic pharyngeal pouch development that 
result in the wide variability and the “predictable unpredictability” of parathyroid 
gland anatomy ranging from supernumerary glands and variable locations within 
the neck to intrathyroidal and, occasionally, ectopic sites such as those in the medi-
astinum. As a result of these substantial variations, the treatment of hyperparathy-
roidism may be complicated by recurrent or refractory disease.

 Applied Anatomy and Embryology: Clinically Relevant 
Abnormalities

As a result of the embryologic development discussed above, parathyroid glands are 
often found in abnormal or ectopic locations or may be supernumerary (Fig. 1.3). 
The inferior parathyroids have the greatest irregularity in their position, based on 
their long path of descent. Ectopic inferior glands may be found in the lower pole of 
the thyroid lobes, or they may continue to descend with the thymus and continue 
into the mediastinal structures such as the thymus or thyrothymic ligament. 
Alternatively, the inferior parathyroid glands may fail to descend beyond the angle 
of the mandible or be along their proximal path of descent along or in the carotid 
sheath. Conversely, ectopic superior glands are usually within two centimeters of 
their expected location and usually found in a more dorsal position than the inferior 

Fig. 1.3 Locations of normal, missed, and ectopic parathyroid glands. The single most common 
site of missed adenoma glands was in the tracheal esophageal groove in the posterior superior 
mediastinum (27%). The most common ectopic sites for parathyroid adenomas are thymus (17%), 
intrathyroidal (10%), undescended glands (8.6%), carotid sheath (3.6%), and the retroesophageal 
space (3.2%). Overall, the distribution of the 215 abnormal parathyroid adenomas resected in this 
series: (1) tracheoesophageal groove (n = 59; 27%); (2) anterior mediastinum/thymus (n = 38; 
18%); (3) normal upper (n = 28; 13%); (4) normal lower (n = 26; 12%); (5) intrathyroid (n = 22; 
10%); (6) undescended (n = 18; 8.4%); (7) carotid sheath (n = 8; 3.7%); (8) retroesophageal (n = 7; 
3.3%); (9) other mediastinal (n = 3; 1.4%); (10) strap muscles (n = 3; 1.4%); (11) other (n = 3; 
1.4%). Adapted from [8]

W.R. Burns and A.P.B. Dackiw
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glands; the superior glands are often found in such positions as the retropharyngeal 
or retroesophageal spaces (Fig. 1.3). The single most common site of missed glands 
in a large series was in the tracheoesophageal groove in the posterior superior medi-
astinum (27%). The most common ectopic sites for parathyroid adenomas are also 
in the thymus (17%), intrathyroidal (10%), undescended glands (8.6%), carotid 
sheath (3.6%), and the retroesophageal space (3.2%) [8].

Supernumerary parathyroid glands may have an even wider variance in location. 
These glands are thought to develop from fragments of the pharyngeal pouches or 
primordial parathyroid tissue. These small clusters of cells migrate with surround-
ing structures and may develop in the lateral neck or lower mediastinum.

 Molecular Biology of Parathyroid Development

The molecular mechanisms and biology of parathyroid development has been best 
described by the study of parathyroid developmental anomalies in humans. These 
anomalies, which result in hypoparathyroidism, may occur in up to one in 4000 live 
births and have been linked to defects in genes encoding putative transcription fac-
tors and/or enhancer proteins which impact parathyroid development. Several of the 
well-described syndromes are listed here, with the associated gene in parenthesis: 
DiGeorge syndrome (TBX1); hypothyroidism, deafness, and renal anomalies (HDR) 
syndrome (GATA3); isolated hypoparathyroidism (GCMB); X-linked recessive 
hypoparathyroidism (SOX3); and pluriglandular autoimmune hypoparathyroidism 
(AIRE1). These genes, as well as members of the homeobox (Hox) and paired box 
(Pax) families, have also been associated with parathyroid developmental abnor-
malities in mice [9]. This is not surprising, as the murine parathyroid glands have a 
similar embryologic development as human parathyroid glands. However, it should 
be noted that parathyroids in mice develop from only the endoderm of the third pha-
ryngeal pouch and from neural crest cells arising from the embryonic mid- and hind-
brain. As we have already reviewed, the parathyroids in humans develop from 
endoderm of the third and fourth pharyngeal pouches. In addition, recent studies 
have also demonstrated that fish express parathyroid hormone [10]. This is contrary 
to the long-held view that the earliest animals to possess parathyroid hormone were 
amphibians. In fact, two species of fish have been shown to express parathyroid hor-
mone; however, the source and physiological function of this peptide in fish remains 
an area of ongoing investigation. As noted in the above murine and human studies, 
there is strong recent evidence that regulation and development of the parathyroid 
gland in mammals is controlled by a cascade of genes. A number of these regulatory 
factors that have been identified using genetically modified mouse models or as 
studying genes causing associated with human disease (including Gcm2/GCMB, 
Pax1/PAX1 and Pax9/PAX9, Hox3a/HOX3A, Tbx1/TBX1, Gata3/ATAGATA3, 
Tbce/TBCE, Sox3/SOX3, Eya1, and Six1/4) have also been found to be expressed in 
fish. While these parathyroid hormone expression genes are present in fish, their 
function remains unclear. Ongoing research promises to provide greater detail as to 
how this cascade of genes regulates parathyroid development.

1 Embryology and Anatomy of the Parathyroid Glands
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 Conclusion

In order that morbidity be reduced, and complications during parathyroid surgery 
(especially reoperative parathyroid surgery) be avoided in pursuit of achieving high 
rates of success in operations for hyperparathyroidism, the parathyroid surgeon 
must have an intimate understanding of the applied surgical embryology and anat-
omy of these endocrine glands. This current understanding of anatomy and embry-
ology clearly would have benefitted Charles Martell, in helping to avoid most of his 
seven operations and his untimely death. Recent studies, as summarized above, 
have given us an even greater insight into the molecular factors important in para-
thyroid gland development and greater knowledge regarding gland migration, 
development, and morphogenesis. Ongoing and future work may provide even 
greater information regarding parathyroid anatomy and biology to further aid the 
parathyroid surgeon and patients afflicted with parathyroid disease.
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Chapter 2
Maximizing the Success of Initial  
Parathyroid Surgery

William S. Duke and David J. Terris

 Introduction

Parathyroid surgery has changed significantly over the past two decades. An opera-
tion that once required a large incision, exploration of all four glands, postoperative 
drainage, and inpatient management and was frequently associated with serious 
complications has largely been replaced by safe, minimally invasive, single-gland 
procedures that can be performed on an outpatient basis. This revolution has been 
facilitated by a number of factors. Improvements in the understanding of the com-
plex relationships between parathyroid, renal, and bone physiology and routine 
annual evaluation of serum calcium levels have changed the classic presentation of 
hyperparathyroidism (HPT), allowing the disease to be diagnosed earlier and giving 
rise to a predominantly asymptomatic patient phenotype [1]. Advancements in pre-
operative imaging modalities make it possible to identify the single hyperfunctional 
gland in many cases, allowing targeted surgery with the assistance of adjuncts such 
as intraoperative ultrasound and endoscopic visualization [2]. Biochemical cure can 
be confirmed with intraoperative parathyroid hormone (IOPTH) assays, eliminating 
the need for four-gland exploration in most instances and reducing the risk of hypo-
parathyroidism [3].

Despite these advances, parathyroid surgery remains an endeavor fraught with 
potential pitfalls. The biochemical diagnosis may be uncertain or even incorrect in 
some patients. Preoperative imaging studies, required for targeted minimally inva-
sive procedures, may be nonlocalizing, discordant, or misleading. Parathyroidectomy 
is unique in that locating the diseased organ(s) may be difficult, and grossly differ-
entiating normal from abnormal tissue may challenge even the most experienced 
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surgeons. Once identified, the amount of abnormal parathyroid tissue to be excised 
or preserved is somewhat subjective yet has a profound impact on the surgical out-
come. Determining when to terminate the operation is also dependent on the experi-
ence of the surgeon, as there is no absolute operative finding or IOPTH threshold 
that guarantees a cure. This chapter addresses these challenges and describes spe-
cific steps to maximize the success of initial parathyroid surgery, in the hopes of 
avoiding the need for reoperation.

 Preoperative Factors

 Diagnostic Dilemmas

Establishing the diagnosis of HPT is the most important preoperative step in suc-
cessful parathyroid surgery. While the diagnosis is usually straightforward in 
patients with high serum calcium and parathyroid hormone (PTH) levels, there are 
times when the diagnosis is less clear. Hypercalcemia is generally first discovered 
on a routine chemistry panel. Often, this prompts later assessment of an isolated 
PTH level, which may be “normal.” This scenario is misleading because while 
serum calcium levels change relatively slowly over hours or days, the half-life of the 
PTH molecule is much shorter, only 3–5 min [4, 5]. Additionally, small changes in 
the serum calcium values may lead to relatively larger changes in the PTH level [6]. 
Because of these factors, the serum calcium and PTH levels should be obtained 
simultaneously to provide a clear picture of their relationship.

There are three occasions in which the calcium/PTH relationship may be con-
founding. The first of these is the scenario in which the serum calcium is elevated 
but the PTH level is within the normal range, generally around 40–60 pg/mL [7]. 
The PTH should be suppressed to very low levels in patients with non-parathyroid- 
mediated hypercalcemia [8]. These patients, as well as patients with concurrent 
high-normal calcium and high-normal PTH levels [9], are said to have “inappropri-
ately normal” PTH levels, indicating that at least one parathyroid gland is not com-
pletely suppressed by the elevated calcium level and is therefore autonomously 
functioning.

Another atypical phenotype, normocalcemic hyperparathyroidism, has also been 
described. This condition is characterized by consistent elevations in the PTH level 
despite normal serum and ionized calcium levels after other causes of secondary 
HPT have been excluded [10]. Though this condition and its potential morbidity are 
still incompletely understood, approximately one quarter of patients with this con-
dition may progress to overt hypercalcemic HPT [11]. Long-term observation is 
warranted in many of these patients, although surgery may be offered in selected 
patients, particularly if they develop symptoms of classical hyperparathyroidism or 
have positive imaging findings [10–12].

W.S. Duke and D.J. Terris
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Familial hypocalciuric hypercalcemia (FHH) may also present a diagnostic 
dilemma. This rare autosomal dominant disorder is due to abnormalities in the 
calcium- sensing receptor (CASR) gene. The resultant abnormal calcium-sensing 
receptors expressed on parathyroid and renal cells have reduced sensitivity to cal-
cium levels, resulting in mild hypercalcemia with normal to slightly elevated PTH 
levels and normal phosphate levels [13]. Preoperative screening with a 24 h urinary 
calcium measurement to determine the calcium/creatinine clearance ratio (CCCR) 
helps differentiate most patients with primary HPT (PHPT) from those with 
FHH. The urinary calcium level is normal to elevated in patients with PHPT, while 
it is low to low normal in those with FHH. The urine volume should be over 1000 mL 
for a 24  h period for the specimen to be considered adequate for interpretation. 
Additionally, the CCCR is greater than 0.02 in patients with PHPT and typically 
less than 0.01 in FHH. The diagnosis becomes less clear when the CCCR is between 
0.01 and 0.02, so patients with a CCCR in this range may benefit from CASR muta-
tional analysis to clearly establish the diagnosis [14, 15]. Securing the diagnosis is 
critical, as patients with FHH will not benefit from surgical intervention [16].

In addition to assessing serum calcium and PTH levels, other laboratory values 
may be of importance in securing the diagnosis, evaluating for confounding factors, 
and assessing for the presence of secondary hyperparathyroidism. An ionized cal-
cium should be obtained. Both the ionized calcium and serum calcium are usually 
elevated in PHPT, but in some cases of PHPT, the ionized calcium will be elevated 
even though the serum calcium is normal [17]. Renal function (creatinine and glo-
merular filtration rate) and 25-OH vitamin D should be measured to evaluate for 
causes of secondary HPT. An albumin level helps determine the reliability of the 
serum calcium measurement and permits calculation of a corrected calcium level if 
the albumin is abnormal. Alkaline phosphatase is a useful marker of bone turnover, 
and assessment of serum phosphorous is valuable in patients with renal hyperpara-
thyroidism or when the diagnosis of PHPT is unclear. Finally, temporarily halting 
medications associated with PTH elevations, such as lithium, bisphosphonates, and 
thiazide diuretics, may assist in securing the diagnosis [10].

 Surgical Candidacy

Once the diagnosis of PHPT is confirmed, a decision must be made as to whether or 
not the patient needs an operation. Patients with symptomatic PHPT [18], severe 
renal hyperparathyroidism [19], and persistent tertiary hyperparathyroidism [20] 
should be referred for surgery if there are no contradictory medical comorbidities. 
Guidelines exist to help manage the majority of patients with PHPT who now pres-
ent with “asymptomatic” disease [18, 21]. Some of these patients may be candidates 
for observation or medical therapy, but regardless of their symptoms (or lack 
thereof), every patient diagnosed with PHPT should be offered the option of surgical 
consultation, since surgery presents the only opportunity to cure the disease [21].

2 Maximizing the Success of Initial Parathyroid Surgery
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 Preoperative Localization

Preoperative localization is a fundamental component of minimally invasive focused 
parathyroid surgery, but these studies must be applied appropriately and interpreted 
thoughtfully to maximize their clinical utility. The diagnosis of PHPT is biochemi-
cal, not radiologic, and the purpose of preoperative localization is only to plan and 
guide the operation [21]. Therefore, preoperative localization studies should only be 
obtained after confirming the diagnosis with laboratory testing and after deciding to 
proceed with surgery. Conversely, it is the patient and their disease that determine 
surgical candidacy, and surgical consultation should not be withheld if localization 
studies are negative.

Localization studies are most often performed with imaging modalities such as 
technetium-99 m (99mTc)-sestamibi (sestamibi) [22] and high-resolution ultrasound 
(US) [23]. More recently, four-dimensional computed tomography (CT) scanning 
has been employed, especially where sestamibi scanning has yielded suboptimal 
results [24, 25]. The quality of preoperative imaging, particularly sestamibi, is vol-
ume and technique dependent, with busy centers producing the most reliable results 
[26]. However, surgeons are encouraged to personally review all imaging findings 
and be aware of potential imaging pitfalls. We will discuss the two most common 
imaging studies obtained when considering focused surgery for primary 
hyperparathyroidism.

 Sestamibi

99mTc-sestamibi is a radiopharmaceutical agent that is preferentially taken up by 
cells with high mitochondrial activity, such as the thyroid and parathyroid glands 
[27]. It is retained longer by hyperfunctional parathyroid tissue than by the thyroid, 
and therefore a dual-phase study after a washout period may reveal a parathyroid 
adenoma. The timing of the second study acquisition is important, with optimal 
results obtained after a 2 h period [28]. Images obtained after this time interval risk 
missing the lesion [29], so surgeons should pay close attention to when the second 
phase of the scan was performed if the study is negative. Occasionally the sestamibi 
will rapidly wash out of a parathyroid adenoma, resulting in a negative scan even at 
2 h [30]. In either of these situations, careful scrutiny of the early-phase image may 
reveal subtle asymmetry in the height of the thyroid lobes, which may point toward 
the location of an adenoma (Fig. 2.1) [31].

Another pitfall in sestamibi interpretation involves determining the vertical loca-
tion of a hyperfunctioning gland and distinguishing an inferior adenoma from a 
superior one that has descended low in the neck. These overly descended superior 
adenomas may be mistaken for inferior gland adenomas on two-dimensional planar 
imaging (Fig. 2.2) [32]. Surgeons may miss these adenomas, which are always pos-
terior to the coronal plane of the recurrent laryngeal nerve, if the dissection is not 
continued deep enough in a paraesophageal or retroesophageal plane. Additionally, 
surgeons acting on misleading information from the planar imaging may remove the 
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normal inferior gland. If the inferior gland appears normal, it should be preserved, 
and the surgeon should dissect deeper into the neck to identify the overly descended 
superior adenoma. This condition may be more readily predicted by adding single 
photon emission computed tomography (SPECT) coupled with computed tomogra-
phy (CT) to the preoperative imaging regimen, which gives more precise anatomic 
localization of these deep adenomas (Fig. 2.3) [33].

 Ultrasound

Ultrasound, which is also frequently employed to localize anatomically abnormal 
parathyroid glands, offers a number of advantages, particularly when performed by 
the operating surgeon [34]. It is quick and noninvasive, avoids radiation, and per-
mits differentiation between thyroid nodules, lymph nodes, and parathyroid lesions 
(Fig. 2.4) [2, 35]. Surgeon-performed ultrasound in the operating room immediately 
before incision allows the surgeon to triangulate the location of the adenoma rela-
tive to the surrounding structures, facilitating the subsequent dissection. Though the 
overall sensitivity of ultrasound for detecting parathyroid lesions is only 76% [36], 
experienced parathyroid surgeons know that there is often information to be gleaned 
in even “negative” studies.

Ultrasound reports, especially when they reportedly fail to definitively identify a 
parathyroid adenoma, deserve careful scrutiny to ensure that a parathyroid lesion is 
not mistaken for a “posterior” hypoechoic thyroid nodule. There will often be a rim 
of normal thyroid tissue along the deep surface of a posterior thyroid nodule, which 
will be absent when the hypoechoic lesion “just posterior to the thyroid capsule” is 
in fact the parathyroid adenoma. Biopsy of these posterior thyroid “nodules” may 
be reported as “suspicious for follicular neoplasm.” Even in this context, the lesion 
may still represent a parathyroid adenoma, which is difficult to distinguish from 

Fig. 2.1 Early (a) and late (b) planar two-dimensional 99mTc-sestamibi scan showing complete 
washout on the late-phase image. Careful evaluation of the early-phase image shows asymmetric 
inferior extension of the left thyroid, suggesting the presence of a left inferior parathyroid ade-
noma, which was confirmed at surgery
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Fig. 2.2 Early (a) and late (b) planar two-dimensional 99mTc-sestamibi scan showing a suspected 
left inferior parathyroid adenoma. (c) An ectopic, overly descended superior parathyroid adenoma 
(white arrow) was identified at surgery, deep to the recurrent laryngeal nerve (black arrow) and 
esophagus (E). Th thyroid, Tr trachea

Fig. 2.3 Single photon 
emission computed 
tomography/computed 
tomography (SPECT/CT) 
image showing a 
retrotracheal parathyroid 
adenoma (arrow)
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thyroid tissue on cytopathology [37]. If there is suspicion that a “thyroid” nodule 
might actually be a parathyroid adenoma, then a washout of the aspirate may be sent 
for PTH analysis. While this is rarely necessary and generally reserved for reopera-
tive cases, aspiration of parathyroid tissue usually reveals an unequivocally high 
PTH level in the thousands, while aspiration of thyroid or lymph node tissue typi-
cally results in levels below 100 pg/mL [38]. Truly negative ultrasound studies also 
may offer helpful information and hint to the surgeon that the adenoma may be 
small, deep, or ectopic, or that multigland disease may be present [39, 40].

 Intraoperative Factors

 Preoperative Ultrasound

Performing an ultrasound examination just prior to the start of the operation can be of 
tremendous value in pinpointing the location of a parathyroid adenoma. Cervical land-
marks and tissue relationships change considerably between the upright, supine, and 
final surgical position [41], and muscle relaxation from the anesthetic may improve the 
image quality. This examination confirms the location of the adenoma and its relation-
ship to the surrounding structures, which allows focused dissection to the adenoma.

 Parathyroid Identification

Successful parathyroid surgery requires a complete command of parathyroid embry-
ology and cervical anatomy, which has been covered in Chap. 1. Parathyroid tissue 
may be present in ectopic locations in up to 20% of patients [42, 43], and surgeons 

Fig. 2.4 Transverse (a) and longitudinal (b) ultrasound images showing a left inferior parathyroid 
adenoma. Parathyroid adenomas are generally rounded or ovoid on transverse view (a, arrow) and 
ovoid with a polar vascular supply on longitudinal imaging (b, dotted line). This distinguishes 
them from lymph nodes, which are more rounded and have a central hilar vascular supply
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must be prepared to explore these sites if a parathyroid gland is not found in its 
expected position. Ectopic superior glands may be found in paraesophageal, retro-
esophageal, retropharyngeal, or retrolaryngeal sites or within the carotid sheath or 
posterior mediastinum [43–45]. They may be overly descended in a deep location or 
undescended near the hyoid [32]. Ectopic inferior glands are most frequently located 
in the thymus, thyrothymic ligament, or anterior mediastinum, though they can exist 
anywhere between the skull base and anterior mediastinum, including the pyriform 
sinus, submandibular region, and aorticopulmonary window or pericardium [43, 44, 
46–48]. Both superior or inferior parathyroid glands may be found within the thy-
roid parenchyma [45]. Ultrasound may be beneficial in identifying intrathyroidal 
adenomas [48]. Bilateral venous sampling of the internal jugular veins for IOPTH 
assessment may help identify which side of the neck harbors the hyperfunctional 
gland if abnormal parathyroid tissue is not readily identifiable [49]. A difference in 
the PTH level of more than 5% between the two aspirates has been shown to predict 
the side of the hyperfunctional tissue [50].

Surgeons must also be able to distinguish parathyroid tissue from surrounding 
fatty, lymphatic, thymic, and thyroid tissue and be able to discern normal parathy-
roid glands from abnormal ones. Normal parathyroid glands are typically flat, 
3–8 mm long, with an average weight of 40 mg and a light brown to tobacco color 
[44, 51]. They are usually surrounded by or capped with fat. Parathyroid adenomas 
and hyperplastic glands are typically larger, more rounded or nodular, and rubbery 
and have a darker red-brown color. Bloodless dissection is essential in parathyroid 
surgery, as any bleeding will stain the tissue and make it challenging to differentiate 
the parathyroid glands from the surrounding tissue.

 Confirming Surgical Cure

Bilateral neck exploration (BNE) with visual confirmation of all four parathyroid 
glands has been the gold standard for parathyroid surgery for nearly 100 years [52, 
53]. This procedure, which requires surgeons to compare the appearance of the 
glands and determine which one(s) to resect based on their gross appearance, has a 
long-term cure rate greater than 95% in experienced hands [54]. More recently, 
unilateral and minimally invasive single-gland procedures have been developed that 
share the same cure rates as BNE [18, 55]. However, since visual assessment of all 
parathyroid glands is not performed in these more focused approaches, the use of 
intraoperative adjuncts such as IOPTH monitoring or radioguided surgery using a 
handheld gamma probe is recommended to ensure complete removal of all hyper-
functional parathyroid tissue [56, 57]. Though radioguided parathyroid surgery has 
been successfully routinely implemented in some practices [57], other groups have 
found it cumbersome and unhelpful in many cases and reserve its use for selected 
reoperative procedures [58]. It is reported to be associated with a 6% long-term 
recurrence rate, calling into question its value in parathyroid surgery [59].
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IOPTH assessment is the most common method of assessing biochemical cure in 
minimally invasive parathyroid surgery, and multiple algorithms for predicting suc-
cessful surgery have been proposed [56, 60]. Although the Miami criterion, which 
predicts postoperative normocalcemia when the IOPTH value decreases ≥50% 
from the highest of either the pre-incisional or the pre-excision level 10 min after 
removal of all the hyperfunctional parathyroid tissue [60], is often reported in the 
literature, many surgeons have adopted a stricter threshold that requires the PTH 
level to also drop into the normal or low-normal range prior to terminating the 
operation in patients with PHPT [56, 61]. Additionally, obtaining IOTPH values 5, 
10, and sometimes 15 min after adenoma excision allows the degradation trajectory 
to be trended to ensure that there is no additional hyperfunctional tissue [2].

 Failed Exploration

Parathyroidectomy may be both one of the most rewarding and most challenging 
surgical endeavors. Despite a high success rate with either four-gland or focused 
techniques, operative failures persist. If all four parathyroid glands cannot be identi-
fied with BNE or if IOTPH levels fail to decline as expected, it is important for 
surgeons to first verify their findings and “know what they know.” If the surgeon has 
any doubts, suspected parathyroid tissue may sampled away from its polar blood 
supply to be sent for frozen section confirmation that it is indeed parathyroid tissue 
and not lymph node, fat, thyroid, or thymus. While frozen section analysis can gen-
erally distinguish between parathyroid and non-parathyroid tissue, it is not able to 
reliably and consistently differentiate a normocellular parathyroid gland from one 
that is adenomatous or hyperplastic [62, 63]. Aspiration of the excised tissue for 
IOPTH analysis is also beneficial in confirming the presence of parathyroid tissue 
and can be performed more quickly than frozen section analysis [63]. Once the 
identity of the excised tissue is confirmed, a diligent search for the missing, and 
presumably hyperfunctional, tissue can commence. The preoperative localization 
studies should be reviewed, and the early- and late-phase sestamibi images, if avail-
able in the operating room, should be carefully scrutinized for any hint of additional 
abnormal foci. Attention should first be turned to the side of the neck where both 
glands have not yet been found. If more than one gland has not been identified or if 
IOPTH levels remain elevated after finding all four glands, simultaneous bilateral 
venous sampling of the internal jugular vein may help guide the dissection.

Each side of the neck should be carefully and fully explored. Identifying the 
recurrent laryngeal nerve will help guide the depth of dissection for a missing supe-
rior or inferior gland. If the inferior glands are missing, the thyrothymic tract and 
thymus should be explored or excised first. If the superior glands are missing, 
 dissection should initially be directed deeply toward the esophagus or paraspinal 
musculature. If the missing glands are not found in these typical locations, all sites 
of potential ectopic tissue in the neck and upper mediastinum should be systemati-
cally evaluated. Intrathyroidal parathyroid adenomas have been reported in up to 7% 
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of cases [64]. Thyroidectomy is discouraged unless there is clear ultrasonographic 
evidence of a suspicious lesion within the thyroid and thorough exploration for the 
missing gland has failed. Consent for thyroidectomy should be obtained. If all four 
glands have been positively identified and the patient remains biochemically hyper-
parathyroid, then the possibility of supernumerary parathyroid glands should be con-
sidered [45]. If no further parathyroid tissue is identified or if the single hyperfunctional 
gland cannot be located, then the surgeon should consider intraoperative consulta-
tion with another experienced surgeon. Surgeons should refrain from removing any 
grossly or histologically normal parathyroid tissue. This “debulking” provides no 
benefit to the patient, as these glands are biochemically quiescent, and such an 
approach predisposes the patient to a risk of permanent hypoparathyroidism if an 
abnormal gland is removed during a subsequent operation.

If all of these efforts still fail to identify the source of the hyperparathyroidism, 
then the operation should be terminated, before any undue morbidity occurs. All 
confirmed normal parathyroid tissue should be marked with a clip or permanent 
suture away from its blood supply. The surgical findings should be fully documented 
in the operative report, including which glands were positively identified, which 
were missing, what was removed, and which areas were explored. Prior to parathy-
roid surgery, every patient should be counseled about the possibility of a negative 
exploration and the possible need for additional procedures. This counseling helps 
temper the patient’s expectations of what may be perceived as “routine” or “minor” 
surgery and may help mitigate their disappointment if surgery is unsuccessful.

 Conclusion

Although most patients with primary hyperparathyroidism can anticipate being 
cured after a single procedure, the sometimes challenging nature of parathyroid 
disease ensures that operative failures cannot be obviated completely. Surgeons 
should understand the potential causes of failed parathyroid surgery and be aware of 
possible pitfalls in the diagnosis and management of surgical parathyroid disease. 
Armed with a thorough understanding of parathyroid pathology, and with careful 
preoperative assessment, meticulous operative planning and execution, and thought-
ful integration of surgical adjuncts, surgeons are well positioned to maximize the 
likelihood of successful initial parathyroid surgery.
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Chapter 3
Indications for Reoperative 
Parathyroidectomy

Michael C. Singer

Some of the challenges of parathyroid surgery have been evident from the time of 
the first attempted parathyroidectomy in the early twentieth century. A number 
of these early patients with primary hyperparathyroidism experienced some form of 
surgical failure. In 1925, Albert Gahne underwent the first successful (initially at 
least) parathyroidectomy performed by Felix Mandl. Mr. Gahne responded well to 
the surgery; however, several years later, his hypercalcemia recurred, and he died 
shortly after a second attempted operation. Evidence suggests that his recurrent 
disease was a result of incomplete excision of the pathologic gland during his initial 
surgery [1]. In that same year, Oskar Hirsh was unable to find and remove the gland 
causing hypercalcemia in another patient. Several years later, Captain Charles 
Martell underwent the first of six failed parathyroid operations, before a mediastinal 
adenoma was eventually identified and removed in a seventh attempt.

These problems of persistent and recurrent disease continue to be the burden of 
all surgeons performing parathyroid surgery. The discipline has seen the introduc-
tion of a number of adjuvant tools, including radiologic localizing studies and intra-
operative parathyroid hormone (PTH) assays, which have dramatically impacted 
the ease and success rate of these operations. Consequently, particularly in experi-
enced hands, greater than 95% of surgeries result in normocalcemia [2–4]. However, 
this leaves a small percentage of patients who are not cured with surgery or who go 
on to develop recurrent disease. Managing these patients can be challenging.

In contrast to primary parathyroid surgery, reoperative surgery has higher rates 
of complications and lower rates of success [5]. Due to scarring, loss of surgical 
planes, and distortion of normal anatomical positioning, detecting pathologic para-
thyroid glands in the remedial setting can be extremely arduous. Additionally, risk 
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of injury to other structures, particularly the recurrent laryngeal nerve and normal 
parathyroid glands, is increased significantly. As a result, the risk-benefit profile for 
these cases must be carefully considered, and the decision to operate is not made as 
simply as in the primary setting.

Unfortunately, there are no clear established guidelines or list of indications for 
patients who are candidates for reoperative parathyroidectomy. This is due to the 
difficulty in easily categorizing these patients and the need to consider so many 
patient-specific variables in their care. Therefore, clinicians are left to determine the 
value of proceeding with reoperation on an individual case basis.

Debate exists among clinicians about the proper approach to reoperative parathy-
roidectomy. Some argue that the indications for remedial surgery are the same as for 
primary surgery. However, most believe that given the greater rates of complications 
and lower rates of success, a higher threshold must be met and multiple factors 
considered before proceeding with reoperation [6, 7].

 Recurrent Versus Persistent Disease

After surgery, patients can demonstrate continued elevation of both serum calcium 
and PTH levels. Persistent hyperparathyroidism is defined by hypercalcemia that 
occurs within 6 months of initial surgery. This is in contrast to recurrent disease, 
whereby the patient experiences a period of eucalcemia that lasts at least 6 months. 
After this time, the patient’s calcium levels again become elevated. Regardless of 
the designation, these patients are at risk for metabolic complications and associ-
ated symptoms of their disease.

Persistent disease is a result of unsuccessful initial surgery, with failure to find 
and excise the pathologic gland(s). Both persistent and recurrent disease can also be 
the result of inadequate resection of tissue in the setting of multiglandular disease, 
regrowth of pathologic tissue after subtotal resection, or growth of residual tissue 
after incomplete excision of an adenoma or carcinoma. Recurrent disease can also 
occur when pathologic tissue is seeded in the neck during initial surgery (i.e., para-
thyromatosis) or in the less common situation of de novo disease development in a 
previously non-pathologic gland.

Critically, patients with persistent or recurrent disease need to be differentiated 
from others who, after apparent curative surgery (based on intraoperative PTH lev-
els), postoperatively achieve eucalcemia but demonstrate elevated PTH levels. This 
scenario has been reported to occur in up to 30% of patients undergoing what was 
felt to be successful parathyroidectomy [8]. An uninformed patient, surgeon, or 
referring physician may assume that this is a manifestation of persistent or recurrent 
disease. However, in these patients, the postoperative calcium levels are decreased 
prior to surgery and clearly within the normal range. Different theories have been 
proposed for this phenomenon, including that this is caused by subclinical bone 
hunger, a decreased peripheral sensitivity to PTH, or a relative vitamin D deficiency 
[9–12]. While a small percentage of these patients go on to develop frank recurrent 
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disease, in most of these patients, the PTH levels eventually return to normal (with 
continued eucalcemia). This normalization occurs with increasing frequency as 
time passes after surgery. Reoperative surgery in these patients would be futile and 
inappropriate.

 Confirm Diagnosis

In a patient with persistent or recurrent disease, prior to considering further inter-
vention, the correct diagnosis must be made definitively. Even if a patient has previ-
ously been seen and a complete workup has already been performed, all relevant 
tests should be re-reviewed. Particularly, if a patient was previously managed by 
another physician (or institution), assumptions should not be made regarding the 
completeness of the assessment or the accuracy of the diagnosis.

Prior and repeat serum calcium, ionized calcium, PTH, 25-hydroxy vitamin D, 
and creatinine levels should be checked. If not previously performed, a 24 h urine 
collection should be completed. This can help rule out the possibility of familial 
hypocalciuric hypercalcemia (FHH), based on the fractional excretion of calcium 
(calcium/creatinine clearance ratio). If there is any question about the possibility of 
FHH being the true diagnosis, genetic testing can be obtained for CaSR mutation. 
Patients with FHH are not at risk of the sequelae of primary hyperparathyroidism 
and do not benefit from surgery.

Radiologic studies do not play a role in diagnosing primary hyperparathyroidism 
and should only be considered at the point when the diagnosis has already been 
confirmed and surgery is indicated.

 Indications

While there is a general consensus about the indications for “first time” surgery in 
patients with primary hyperparathyroidism, some debate does exist, particularly in 
regard to “asymptomatic” patients. For patients who present with classical symp-
toms of primary hyperparathyroidism, such as nephrolithiasis, nephrocalcinosis, or 
osteitis fibrosa cystica, surgery should be performed.

However, this form of the disease is much less frequently encountered today. 
Much more commonly patients do not have the classical sequelae and are consid-
ered asymptomatic, though many have vague constitutional, musculoskeletal, or 
neurocognitive symptoms [13]. An expert panel of physicians, acting under the aus-
pices of the National Institute of Health, has issued guidelines for surgical interven-
tion in these asymptomatic patients [14–17]. These guidelines have gone through 
several iterations since 1990 but are widely utilized by physicians to direct patient 
care (Table 3.1).
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No equivalent guidelines have been produced specifically for patients who might 
require reoperative parathyroidectomy. Consequently, in general, these same indi-
cations are appropriate to at least consider when contemplating the option of reme-
dial surgery.

 Decision to Proceed with Surgery

A confirmed diagnosis and proper indication are not a sufficient basis to proceed 
with reoperative parathyroidectomy. In fact, these two elements are the minimum 
threshold that must be established before surgery can even be considered.

When considering any medical treatment, the potential risks and benefits of said 
treatment modality need to be carefully weighed. With the excellent success rates 
and low incidence of complications in primary parathyroidectomy, making this 
assessment is often straightforward. However, as noted earlier, the likelihood of 
cure may be lower and the risk of complications possibly greater in reoperative 
parathyroidectomy. Therefore, for remedial surgery to be sensible, the strength of 
the indication and the related potential benefits should be greater in order to out-
weigh the increased risks.

Multiple factors impact the prospect for success without complication in reopera-
tive parathyroidectomy. When considering surgery, the first step is to try to under-
stand the cause of the persistent or recurrent disease. If it is the result of surgical 
failure, the reason for failure may be unclear. Anatomic, biologic, and/or surgical 

Table 3.1 Current and previous recommended guidelines for surgery in patients with 
“asymptomatic” primary hyperparathyroidism

1990 2002 2008 2013

Serum 
calcium 
(mg/dL 
above 
upper limit 
of normal)

1–1.6 1 1 1

Skeletal DEXA z-score 
less than −2.0

DEXA t-score 
less than −2.5 
at any site

1.  DEXA t-score 
less than −2.5 
at any site

2.  History of 
fragility fracture

1.  DEXA t-score less than 
−2.5 at lumbar spine, 
hip, femoral neck, or 
distal one third radius

2. Vertebral fracture
Renal 1.  GFR reduced 

by more than 
30%

2.  24 h urine 
calcium 
more than 
400 mg/day

1.  GFR reduced 
by more than 
30%

2.  24 h urine 
calcium 
more than 
400 mg/day

1.  GFR less than 
60 cc/min

2.  24 h urine 
calcium not 
recommended

1.  GFR less than  
60 cc/min

2.  24 h urine calcium 
more than 400 mg/day

3.  Presence of 
nephrolithiasis or 
nephrocalcinosis

Age <50 years <50 years <50 years <50 years
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variables can be the basis for not achieving cure during initial surgery. In order to 
evaluate these potential variables, all prior notes, radiology examinations, operative 
reports, and pathology and lab results should be carefully reviewed. A major deter-
minant in the success rate of reoperation is the number of glands responsible for the 
hyperparathyroidism. A single adenoma is more likely than multiglandular involve-
ment to be successfully identified and excised during remedial surgery. Possible 
insight into the number of glands involved can be offered by lab results, imaging 
studies, family history, and operative findings, especially related to the extent of 
exploration. In regard to localization studies, simply examining radiology reports is 
never optimal when planning parathyroid surgery. However, in the context of reme-
dial surgery, directly studying the images of these tests is absolutely essential. It is 
also paramount to understand which areas were dissected and examined and which 
may not have been; which parathyroid glands were removed, partially excised, or 
biopsied; and which gland(s) or remnant(s) were marked with clips or suture. It is 
wise to not accept as fact a surgeon’s report of identifying a parathyroid gland(s) 
during surgery based on visualization alone.

Patient-specific elements then need to be assessed. Has the patient had prior thy-
roid surgery, anterior cervical disk fusion, or other neck operations? Is the patient’s 
body habitus a potential obstacle because of difficulties it may cause with exposure? 
Does a high body mass index mean more extensive cervical fat and soft tissue, pos-
sibly a harbinger of a more challenging exploration? Are there signs of thyroiditis, 
which can lead to additional fibrosis, as well as extensive adenopathy (which may 
mimic pathologic parathyroid glands)?

When calculating the risk-benefit and success profile of possible reoperation, 
other patient factors that need consideration are the patient’s age, occupation, life-
style, and ability to tolerate potential complications and if they have had complica-
tions from the initial surgery that may make reoperative surgery even more 
dangerous. For example, based on career and lifestyle requirements, is a recurrent 
nerve injury going to be a simple inconvenience or a life-changing impediment? If 
a patient becomes temporarily or permanently hypocalcemic after surgery, are they 
going to be able to reliably take calcium and vitamin D supplements? These details 
should all be considered in potential reoperative patients.

Perhaps the most crucial determinant in deciding to proceed with reoperative 
surgery is the reliability of localization studies (discussed at length in separate chap-
ter). Blind exploration in a previously operated field is extremely difficult and can 
lead to complications. Therefore, at many institutions, for the vast majority of 
patients who do not exhibit dramatic symptoms of the disease, the general approach 
is to only reoperate in the setting of well-localized disease [4, 18]. The results in 
these patients can be excellent, with success rates of reoperation of up to 95% when 
performed by an expert surgeon [19, 20].

In patients with severe metabolic complications, such as chronic nephrolithiasis 
or marked bone disease, there is a greater imperative to cure their hyperparathyroid-
ism. Only in these patients should reoperative surgery without definitive localiza-
tion be reasonably considered.

3 Indications for Reoperative Parathyroidectomy
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Chapter 4
Reoperative Surgical Planning and Adjunct 
Localization Studies

Jonathon O. Russell, Salem I. Noureldine, Nafi Aygun, and Ralph P. Tufano

 Introduction

Pathology of the parathyroid glands is fairly prevalent in the United States. Each 
year, approximately ten cases of primary hyperparathyroidism (HPT) per 100,000 
people are diagnosed in those younger than 40 years. The incidence is estimated to 
be four times higher in patients older than 60 years of age [1]. Surgery for primary 
HPT, performed by an experienced surgeon, is curative in more than 95% of cases 
[2]. In contrast, the success rate for low-volume surgeons is only 70% [3]. 
Consequently, the hyperparathyroid state may not be cured for a number of patients 
following surgery. Those not cured either remain hypercalcemic in the immediate 
postoperative period or redevelop hypercalcemia after a period of normocalcemia. 
Hypercalcemia persisting or recurring within 6 months after initial parathyroidec-
tomy is referred to as persistent HPT. Hypercalcemia recurring more than 6 months 
after an apparently curative initial parathyroidectomy is referred to as recurrent 
HPT. Regardless of terminology, in both cases, the patient is at continued risk of 
metabolic complications from hypercalcemia and may continue to have discomfort 
from the associated symptoms. Despite advances in preoperative imaging and 
adjunctive intraoperative tools, the incidence of persistent or recurrent HPT has 
been reported to be as high as 30% [4–6].
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The indications for surgical intervention in reoperative cases must be clear, because 
the morbidity and technical difficulty are increased. Reoperations are unfortunately 
associated with a lower success rate than initial operations. Nonetheless, in experi-
enced hands, the success rate of reoperative parathyroidectomy for persistent and 
recurrent HPT is reported to be more than 80–90% [7]. However, the ideal period to 
cure the patient is during the initial operation, when the risks of surgical complications 
are least likely and the likelihood of cure is greatest. This chapter aims to outline a 
perioperative scheme for approaching persistent and recurrent primary HPT.

 Evaluation

It has been estimated that 2–10% of surgical failures may be attributed to an incorrect 
preoperative diagnosis of primary HPT [8, 9]. Accordingly, one of the key require-
ments for success in reoperative parathyroidectomy is a proper diagnosis. The initial 
step is to perform a thorough personal and family history for endocrine diseases and a 
physical examination. The history should be focused on ruling out differential diagno-
ses. By definition, HPT (primary or secondary) must be confirmed with an elevated 
serum calcium concentration and an elevated or inappropriately high serum parathy-
roid hormone (PTH) level. Patients may also present with elevated serum PTH and 
serum calcium levels at the upper limit of normal (the so-called normocalcemic 
hyperparathyroidism). Checking an ionized calcium level can help confirm the diag-
nosis of HPT in most of these patients. Elevated serum chloride and decreased serum 
phosphate levels are frequently noted. In addition, if not previously performed, benign 
familial hypocalciuric hypercalcemia should be ruled out with an appropriately ele-
vated 24 h urinary calcium measurement and subsequent genetic testing if indicated. 
If all these parameters are not present, other causes of hypercalcemia must be consid-
ered (i.e., patients with normocalcemic HPT caused by hypoalbuminemia, hyperphos-
phatemia, vitamin D deficiency, or hypomagnesemia), because a repeat 
parathyroidectomy is almost guaranteed to be unrewarding in these circumstances. 
The diagnosis of HPT has been facilitated by the development of immunometric 
assays [10, 11]. Clinical analysis with immunometric PTH assays typically distin-
guishes hypercalcemic patients with HPT from patients with other causes of hypercal-
cemia. Diagnostic errors of hyperparathyroidism can result from medications (i.e., 
calcium, vitamin D, furosemide, thiazide diuretics, calcitonin, or lithium), malignancy 
(i.e., bone metastases or humoral hypercalcemia), granulomatous disease (i.e. sar-
coidosis), acute renal failure, bone disease (i.e., Paget’s disease or immobilization), 
hyperthyroidism, or adrenal insufficiency. Given the complexity of alternative expla-
nations, a close relationship with medical specialists including endocrinologists can 
be invaluable to ensure that consensus is reached before the decision for further inter-
vention is made. Such a relationship is likewise imperative in situations of more viru-
lent forms of HPT, such as MEN, where multigland removal may be necessary.

With a confirmed diagnosis of persistent or recurrent HPT, further information 
obtained by clinical evaluation, review of preoperative localization studies, operative 
reports, and pathology reports is critical to help determine the location of potentially 
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normal and abnormal glands. The operative report should document the extent of the 
initial parathyroidectomy; which parathyroid glands were identified; whether these 
glands were excised, biopsied, and/or clipped to mark for future identification; where 
scar tissue can be expected to be encountered; the relationship of the glands to the 
recurrent laryngeal nerve; intraoperative PTH results if evaluated; and the number and 
the position of normal and abnormal glands. Unfortunately, it often doesn’t contain 
most of these components which are all critical to operative planning. The pathology 
report confirms how many parathyroid glands were indeed excised, whether biopsied 
glands were definitely parathyroid tissue, and whether parathyroid glands examined 
were normal or hypercellular. Review of old pathology slides may be required. It may 
be useful to correlate previous localization studies with intraoperative findings. Direct 
laryngoscopy is necessary before reoperation to assess vocal fold function.

 Localization Studies

A battery of localization studies prior to reoperation are usually employed, due to the 
associated risks of surgical complications and the lower likelihood of surgical cure. 
Approximately 90% of missed parathyroid tumors can be removed through the initial 
cervical incision. Successful localization permits a focused approach in most cases. 
This limits the amount of dissection required, preferably to a unilateral approach, as 
one prefers not to perform bilateral re-exploration when possible, avoiding the 
increased risk of hypoparathyroidism and RLN injury [12, 13]. Localization studies, 
in combination with previous information from operative and histologic findings, usu-
ally direct the surgeon to the abnormal parathyroid gland, thus minimizing complica-
tions and shortening the operative time. Knowledge of anatomy and expected locations 
of both normal and ectopic locations for parathyroid glands is paramount in reopera-
tive parathyroidectomy, and the reader is referred to previous chapters. A variety of 
invasive and noninvasive techniques are available to image or localize abnormal para-
thyroid glands. Intraoperative PTH monitoring is a helpful adjunct for confirming 
when all abnormal parathyroid tissue has been removed [14–17].

 Non-Invasive Methods

As in the initial work up of primary HPT, a number of imaging studies are available 
for the evaluation of recurrent or persistent HPT. Unfortunately, all available imag-
ing modalities are far from perfect, and it is common practice to obtain multiple 
studies in this setting as the accuracy of two concordant exams is higher than a single 
localizing exam [18]. Despite all efforts, there can be a high rate of nonlocalization 
which requires further workup with invasive tests. The abnormal parathyroid glands 
are mostly found in eutopic locations although there are higher rates of mediastinal, 
intrathyroid, and intrathymic glands as well as multigland disease in the reoperative 
setting. Local expertise and availability of imaging technology are the most impor-
tant factors in determining which imaging algorithm is followed [19, 20].

4 Reoperative Surgical Planning and Adjunct Localization Studies
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 Ultrasound (US)

Ultrasound’s sensitivity is quite low given the potentially increased incidence of 
mediastinal glands in a reoperative scenario, and the inability to visualize with US. 
However, the majority of abnormal glands are in eutopic locations, and US remains 
the most cost-effective and least harmful imaging study to start with, as it does not 
involve radiation exposure or contrast administration.

 Multiphase CT

Most centers perform an unenhanced CT followed by one, two, or three additional 
acquisitions after intravenous contrast administration. CT takes advantage of the 
fact that parathyroid glands are more vascular compared to the surrounding tissue 
and show a greater degree of enhancement in the arterial phase of the acquisition 
followed by a sharp decrease in attenuation in the venous phase due to rapid wash-
out. In addition, state-of-the-art CT exams provide exquisite anatomic detail. When 
an abnormal gland is confidently identified with multiphase CT, surgical eligibility 
can be confirmed even if US and sestamibi scans are nonlocalizing [21, 22]. It has 
been demonstrated that two phases may be sufficient, thus sparing the patient addi-
tional ionizing radiation [23]. Intrathyroid adenomas are relatively difficult to local-
ize with CT as arterial enhancement and venous washout features of adenomas and 
the thyroid gland nodules are often similar.

 MRI

MRI is not commonly utilized outside a few centers in localizing abnormal parathy-
roid glands. Multiparametric imaging and high contrast resolution provides a greater 
ability to differentiate adenomas from the surrounding tissue. Dynamic contrast-
enhanced sequences allow assessment of blood flow through parathyroid glands in a 
similar fashion with multiphase CT and increase MRI’s accuracy compared to stan-
dard protocols [24].

 Sestamibi Scan

Because Tc sestamibi is accumulated and retained by the mitochondria-rich oxyphil 
cells in parathyroid glands more than thyroid tissue, it is more specific compared to 
other imaging modalities, although its sensitivity is limited due to lower spatial 
resolution. Thus, it often fails to localize small glands. SPECT is an acquisition 

J.O. Russell et al.



33

technique that affords higher sensitivity and anatomic accuracy compared to planar 
Tc sestamibi scans. When SPECT is combined with other modalities in multiphase 
fusion techniques such as SPECT/CT, localization is further improved [25].

 Invasive Methods

Fine needle aspiration biopsy may be applied using both computed tomographic 
and ultrasound guidance for correct needle placement in suspected abnormal para-
thyroid tissue during localization in preparation for reoperative surgery. 
Investigations have shown FNA to be a specific modality in distinguishing between 
parathyroid and nonparathyroid tissues [26, 27]. Cytologic evaluation of tissue sam-
ples obtained by fine needle aspiration biopsy is less sensitive than measuring wash-
out PTH levels of the aspirate material, because follicular thyroid tumors may be 
misinterpreted as parathyroid tissue under cytologic review. The role of FNA in 
reoperative parathyroid surgery can be especially helpful in situations where a thy-
roid nodule is noted and imaging is suggestive of a possible intrathyroidal parathy-
roid adenoma, which is otherwise rare. It may also be particularly helpful in a 
multiply operated patient where there is intense scarring and a focused surgery 
would be most prudent.

 Selective Arteriography

Selective angiographic injection of the inferior thyroid arteries will demonstrate a 
vascular blush which may be present in up to 25–70% of parathyroid adenomas [28]. 
Although rare, significant complications attributable to this technique have been 
reported and include central nervous system embolic infarction and potential quadri-
plegia [29]. As a consequence of these potential risks and because of improvements in 
noninvasive imaging studies, selective parathyroid arteriography is rarely performed 
and should be reserved for patients who need surgery and in whom previous noninva-
sive testing has failed to identify the adenoma in a usual or ectopic location [29].

 Selective Venous Sampling

Similar to super-selective digital subtraction angiography, selective venous sam-
pling is reserved for selected patients. This modality is performed by catheterization 
of veins draining the neck and mediastinum [30]. By obtaining blood samples and 
comparing PTH levels obtained from sampling of the iliac veins with those obtained 
from thyroid veins (superior, middle, and inferior), vertebral veins, and the thymic 
vein, the anticipated localization of the adenoma will be within the area where 
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venous PTH levels are at least twice as high as the systemic levels. Selective venous 
sampling has been shown to be more accurate than large vein sampling, with accu-
racy of 83% as contrasted to 29%, respectively [30]. This modality became signifi-
cantly more accurate with the utilization of improved intact parathyroid hormone 
(iPTH) assays, which increased the sensitivity of venous sampling to 87–95% in 
some investigations [31]. Selective venous sampling should be reserved for patients 
requiring reoperation and in whom noninvasive studies are negative, equivocal, or 
conflicting. This modality is technically challenging, and its success depends on an 
experienced interventional radiologist [32].

 Intraoperative Adjuncts

 Intraoperative US

The availability of high-resolution US has led some surgeons to further utilize it in 
their operating room. Intraoperative US may be useful in a number of operative set-
tings, primarily that of re-exploration in a neck that demonstrates significant surgi-
cal fibrosis. Using this adjunct will allow one to scan the neck and, where possible, 
correlate structures with preoperative images just prior to surgery. This achieves 
accurate visualization of the ultimate position of both the parathyroid lesion and 
other structures in the neck, in particular the relation to the internal jugular vein and 
carotid artery. This technique may also assist in precisely localizing the incision 
once the patient is in the neck extension position, for an ideal access for removal of 
parathyroid tissue. US can be combined with fine needle aspiration for PTH to inter-
rogate hypoechoic structures identified in the thyroid or neck intraoperatively. 
Utilization of US once surgical exploration begins is compromised by disruption of 
tissue planes and is not often helpful.

 Methylene Blue Injection

In rare circumstances, methylene blue has been used by some surgeons in reopera-
tive settings, due to the dye’s ability to preferentially stain the parathyroid glands 
when perioperative adjuncts have been misleading. The rationale for using methy-
lene blue is to facilitate correct parathyroid gland identification and thus minimize 
the complication rate [33, 34]. Unfortunately, the literature is plagued with growing 
numbers of reports describing significant side effects to its use such as encephalopa-
thy or central nervous system toxicity, as well as specific interaction with serotonin 
reuptake inhibitors causing severe cardiovascular changes and neurological dys-
function [33, 35–37]. Furthermore, intraoperative changes to pulse oximetry read-
ings can be problematic for anesthesiologists. Because of these precautions and the 
little added value, methylene blue is not routinely used and should not be routinely 
utilized for intraoperative identification of parathyroid tissue.
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 Gamma Probe

Tc-99 m sestamibi uptake by parathyroid tissue is a function of metabolic activity. 
This forms the basis for utilizing sestamibi scans to localize hypersecreting parathy-
roid glands in patients with primary HPT. Patients are injected with a Tc-99 m ses-
tamibi isotope on the day of surgery, usually within approximately 2  h of the 
operation. A handheld gamma probe is used to direct the incision site and to localize 
the abnormal parathyroid glands. The initial scan provides information regarding 
localization of presumed adenomas and the presence of delayed uptake of nuclear 
material within the thyroid gland. After identification and removal of the abnormal 
parathyroid gland, the gamma probe may be used to confirm high metabolic activity 
within the resected tissue as compared with the radioactivity of the surgical bed, 
thus validating that no additional hyperactive glands remain behind. Potential 
advantages of radioguided parathyroid identification include facilitation of targeted 
parathyroidectomy, shorter operating time, and verification of successful surgery. 
Absolute contraindications for radioguided parathyroidectomy include pregnancy 
and allergy or sensitivity to Tc-99 m sestamibi. The 20-percent rule, published by 
Murphy and Norman [38], suggests that any excised tissue containing more than 
20% of background radioactivity in a patient with a positive sestamibi scan is con-
sistent with the finding of a solitary parathyroid adenoma. This protocol, however, 
has limited ability to exclude nonparathyroid tissue or multiglandular disease, and 
the signal is proportional to the gland size [39–42].

The overall accuracy of radioguided parathyroidectomy is 83% with a conver-
sion rate to bilateral neck exploration of 10% for single-gland disease, 50% for 
multiglandular disease, and 50% for hyperplasia [41, 43]. The gamma probe is con-
sidered unhelpful in up to 48% of cases [40, 44]. The limitations include logistic 
difficulties with timing isotope injection, equipment problems, confusing counts, 
and easily identified abnormal glands. Therefore, most parathyroid surgeons will 
only consider intraoperative radioguided parathyroidectomy in patients with ectopic 
parathyroid adenoma or previous thyroidectomy where confusing background 
counts are not a concern. If concerned about persistent uptake of nuclear material by 
the thyroid, thyroid suppression may be accomplished preoperatively in order to 
minimize background counts which can obscure identification of the targeted para-
thyroid gland.

 Frozen Section Analysis

The histological identification of parathyroid tissue relies on the identification of 
three types of cells that comprise the parathyroid tissue: (1) chief, (2) oxyphil, and 
(3) water clear cells. Chief cells are similar to thyroid follicular cells, and oxyphil 
cells are indistinguishable from thyroid Hurthle cells; thus, the distinction of para-
thyroid from thyroid tissue is more challenging. However, follicles and colloid-like 
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material are uncommon in parathyroid specimens. Despite limitations, the use of 
frozen section to distinguish parathyroid tissue from nonparathyroid tissue has an 
accuracy of 99.2% [45].

Frozen section is an unreliable method for distinguishing between multiglandu-
lar disease and adenomas [46]. The distinction between hyperplasia and adenoma is 
not based on pathologic criteria, but rather on the operative findings. If the patholo-
gist receives a biopsy from a single parathyroid gland for frozen section interpreta-
tion, a possible diagnosis would be hypercellular parathyroid tissue. An adenoma 
can only be diagnosed with confidence if only one gland of the four glands is 
enlarged and hypercellular. Therefore, without biopsies from all four glands, the 
pathologist is unable to determine the cellular constituency of the remaining para-
thyroid glands and definitively suggest that a gland is a parathyroid adenoma.

There is also a role for frozen section in subtotal or total parathyroidectomy for 
multigland disease and secondary and tertiary hyperparathyroidism. In these cases, 
the surgeon may choose cryopreservation or implantation of parathyroid tissue. The 
use of frozen section is more common in these situations to positively diagnose 
parathyroid tissue prior to implantation.

Needless to say, documentation of prior removal of four normal parathyroid 
glands is very worrisome for a missed supernumerary parathyroid adenoma. Failure 
to perform autotransplantation of parathyroid tissue following removal of any 
remaining parathyroid tissue would likely result in permanent hypoparathyroidism. 
This underscores the need to thoroughly evaluate both the prior operative and 
pathology reports and to discuss the case directly with the surgeons involved in the 
prior operations where discrepancy exists.

 IOPTH

To further improve the surgical success of targeted parathyroidectomy and to mini-
mize the possibility of persistent or recurrent hyperparathyroidism after surgery, 
some have advocated for the use of surgical adjuncts such as IOPTH monitoring. In 
1990, Dr. George Irvin of the University of Miami revolutionized parathyroid sur-
gery by measuring IOPTH levels and confirming removal of hypersecreting parathy-
roid glands. IOPTH is useful in assessing the adequacy of resection by functional 
means without the need to expose all the parathyroid glands. Before exiting the oper-
ating room, the surgeon can feel confident that the patient will most likely be eucal-
cemic by demonstrating an appropriate reduction in IOPTH levels after excision of 
all hyperfunctioning parathyroid tissue. The ability to confirm complete removal of 
all hypersecreting glands and predict operative success minimizes operative time, 
diminishes the need for bilateral neck exploration, and improves cure rates [14]. 
IOPTH is based on the short half-life of circulating PTH. PTH is cleared from the 
blood in an early rapid phase with a half-life variously reported as  
1.5–21.5 min in patients with normal renal function. PTH levels are measured preop-
eratively and at set post-excision times. Due to the different IOPTH decrease criteria 
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for a successful operation, several studies aimed to identify the optimal criteria and 
predictive cure rate. A decline of more than 50% in PTH level from the highest pre- 
incision or pre-excision level is associated with a predictive cure in 94–97% of cases 
[15–17]. We prefer a PTH drop of more than 50% and into the normal range before 
concluding the procedure [16, 47]. The use of IOPTH is recommended for patients 
undergoing targeted parathyroidectomy. Different criteria may be utilized with simi-
lar accuracy rates. When used correctly, we believe that IOPTH is the most accurate 
adjunct to predict eucalcemia available to the surgeon performing parathyroid 
surgery.

 Conclusion

Reoperative parathyroidectomy can be challenging to even the most experienced 
parathyroid surgeon. Successful reoperation demands preoperative collaboration 
from the fields of endocrinology, radiology, and surgery. Attention to detail with the 
appropriate invasive and noninvasive imaging modalities is necessary for consistent 
outcomes. Intraoperative adjuncts, while helpful, may not compensate for inade-
quate preoperative planning.
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Chapter 5
Surgical Algorithm for Recurrent 
and Peristent Hyperparathyroidism

Phillip K. Pellitteri

 Introduction

Persistent and recurrent hyperparathyroidism occurs in approximately 3.2% and 
0.7% of patients, respectively. Taken together, these circumstances may be termed 
recalcitrant hyperparathyroidism. Initial studies of patients with persistent or recur-
rent elevated calcium levels after an initial parathyroid procedure suggested that the 
majority of patients in this category had multiglandular disease not appreciated at 
the initial operation [1–3]. However, these reports originated from institutional 
series with considerable experience in parathyroid surgery and are not representa-
tive of the general population after a failed parathyroid procedure [4]. A missed 
single abnormal parathyroid adenoma accounts for the majority of patients who fail 
initial procedures for the treatment of primary hyperparathyroidism [5, 6]. The 
causes for failed cervical exploration include the presence of multiple abnormal, 
ectopic, or supernumerary glands, surgeon experience, inadequate exploration of 
the neck and superior mediastinum, and incomplete resection of hyperplastic glands 
[4, 7]. Those patients not cured by the first operation pose a significant problem 
because of the more difficult and technically demanding nature of re-operative para-
thyroid surgery. As a result of scarring and distortion of normal tissue planes in the 
neck after a prior cervical exploration, success rates at subsequent surgery for pri-
mary hyperparathyroidism are decreased, and operative complications, including 
recurrent laryngeal nerve injury with vocal cord paralysis and hypoparathyroidism, 
can be even more problematic.
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 Operative Strategy

Following the decision to proceed with re-exploration and having performed a 
review of the initial operative procedure and localization studies, the surgeon then 
considers the operative approach. Ideally, the objective is to remove a single gland 
without extensive dissection, which may result in injury to the surrounding struc-
tures, i.e., recurrent laryngeal nerve or devascularization of remaining parathyroid 
tissue. The likelihood of accomplishing the objective is very dependent upon two 
factors: the experience of the initial operating surgeon and the demonstration of an 
enlarged hyperfunctional parathyroid gland on correlative localization studies.

In most cases, reoperation following initial surgery by an experienced surgeon 
will be difficult and tedious because the initial dissection that will have been com-
prehensive and the surgical bed will have significant fibrosis. In contradistinction, 
the extensiveness of initial exploration and resulting degree of fibrosis may be sig-
nificantly less in patients having had the original surgery performed by a relatively 
inexperienced surgeon. In both of these circumstances, a localizing study will be of 
prime importance in targeting the putative hyperfunctional gland and limiting the 
re-operative dissection.

The best of all scenarios, and the most common, is unequivocal localization to a 
cervical site, which may also include the anterior superior mediastinum. The previous 
neck incision is generally used for access, in some cases by excising the old scar 
completely. The usual superior/inferior flaps are raised and access gained to the side 
of the neck indicated by the localization studies. A lateral to medial approach to dis-
section is undertaken, to avoid the dense fibrosis in the region of the tracheoesopha-
geal groove where the recurrent laryngeal nerve resides. In this manner, dissection 
proceeds medially from the sternocleidomastoid muscle superficial to the great ves-
sels and then directly to the region overlying the cervical spine. This approach exploits 
the concept of the viscero-vertebral angle (VVA), as described by Tenta [8]. This 
potential anatomic space is defined as that area bordered laterally by the carotid sheath 
structures, medially by the trachea and esophagus, anteriorly by the thyroid, and pos-
teriorly by the cervical spine (Fig. 5.1). In accessing this region, the surgeon may take 
advantage of a tissue plane with relatively little vascularity and fibrosis. This area will 
allow extension to examine the superior mediastinum inferiorly, the retroesophageal 
compartment medially, and as far as the hyoid bone superiorly, all within planes of 
dissection that separate with relative freedom. The recurrent laryngeal nerve may be 
identified and extensively exposed for protection during this approach. Dense fibrosis 
is infrequently encountered over the prevertebral space, even following a thorough 
initial exploration. In the event a gland is suspected in the superior retro-thyroidal 
area, the nerve should be identified as it may be lateral to a medially displaced supe-
rior gland. The majority of missed adenomas, which are accessible through a cervical 
incision, may be approached using this technique, which also allows for thyroidec-
tomy if necessary. A situation whereby localization studies indicate a mediastinal 
location usually mandates a thoracic approach, either by median  sternotomy or lateral 
open or video-assisted thoracotomy, depending on the location within the mediasti-
num. An enlarged gland identified within the anterior mediastinum and not accessible 
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transcervically is usually associated with the thymus and may be accessed by either 
median sternotomy or video-assisted mediastinoscopy. These glands are usually 
found at the level of the innominate vein within thymic tissue but may also be found 
adjacent to the aortic arch or between the thymus and pleura. Should the localization 
studies demonstrate a posterior-based mediastinal gland, a lateral or posterolateral 
approach should be undertaken, either with open or video-assisted (VATS) technique 
(Figs. 5.2 and 5.3) in order to avoid dissection thru critical structures in the anterior 

Fig. 5.1 The viscero-vertebral angle approach

Fig. 5.2 Mediastinal parathyroid adenoma within middle posterior compartment demonstrated in 
fusion imaging

5 Surgical Algorithm for Recurrent and Peristent Hyperparathyroidism



44

mediastinum. These posterior-based glands may reside in the aortopulmonary win-
dow or the retroesophageal region. One should be aware that the recurrent laryngeal 
nerve may be injured when approaching the posterior mediastinum through a left 
lateral thoracotomy. Despite what may be interpreted as compelling localization 
results, the surgeon should be prepared to perform concurrent cervical exploration in 
the event that initial intra-operative PTH levels (IOPTH) do not confirm removal of all 
hyperfunctional parathyroid tissue.

The most problematic preoperative scenario to confront is that in which localiza-
tion fails to identify any suspicious putative site suggestive of parathyroid abnor-
mality. It is in this situation where re-operative surgery for hyperparathyroidism is 
potentially the least successful and the most morbid. Failure to localize usually 
mandates a bilateral cervical exploration that comprehensively and methodically 
addresses all potential sites that may harbor a missing gland or glands. A properly 
constructed initial operative note that accurately documents remaining histologi-
cally identified parathyroid glands and regions explored is of utmost importance and 
potential value for the re-operative surgeon. An orderly systematic approach to re- 
exploration is necessary in these circumstances to locate the missing gland(s) and 
limit morbidity. The order in which regions are approached may vary according to 
the surgeon; however, it is important that all potential areas be accessed to increase 
the chance of success and avoid a failed re-exploration. The author’s preference is 
to approach each side explored through the VVA via a lateral to medial orientation. 
Regions are then addressed in the following manner: the anterior superior mediasti-
num is dissected first, with careful attention to the thyrothymic ligament and tra-
cheoesophageal groove region adjacent to the recurrent nerve. Cervical thymectomy, 
if not performed at initial surgery, is completed at this time. Dissection then turns to 
the retropharyngeal, retroesophageal region where blunt dissection within the pre-
vertebral space will allow for digital exploration superiorly above the cricoid carti-
lage and larynx and inferiorly into the posterior mediastinum. Enlarged glands in 
this anatomic plane may often be felt by digital palpation before they are seen using 
these maneuvers. Next, the thyroid lobe is mobilized, possibly truncating the supe-
rior vascular pedicle to allow rotation of the thyroid gland anteromedially so that the 
posterior capsule may be thoroughly examined for a folded, lobulated parathyroid 
gland under cover of the capsular fascia. Using this technique, the thyroid lobe is 

Fig. 5.3 Thoracoscopic 
approach to mediastinal 
parathyroid adenoma 
shown in Fig. 5.2
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palpated for any nodular densities, which may be suspicious for an intrathyroidal or 
subcapsular parathyroid gland. The carotid sheath is then opened from the superior 
mediastinum to the hyoid bone, inspecting and palpating for nodular structures 
within the sheath. Failing identification on the side explored first, the dissection 
proceeds contralaterally in the same manner, with orderly inspection of all regions 
noted above. In the event that a bilateral exploration fails to identify the offending 
gland, thyroid lobotomy/lobectomy may be performed on the side suspected of har-
boring the offending gland. It is in this situation where surgeon-performed ultra-
sound, pre- or intraoperatively, may be of the most benefit to help avoid unnecessary 
thyroid removal.

In the event that all maneuvers described are unsuccessful in identifying the 
abnormal missing gland, the procedure is terminated and further measures under-
taken to the gland’s position by imaging or angioinvasive techniques. Mediastinal 
dissection is not advisable in the immediate setting, owing to lack of localization 
and length of time required after a thorough bilateral re-exploration. It should be 
emphasized that re-exploration should not be undertaken unless there is a reason-
able potential for success based on localization studies and/or previous documenta-
tion which identifies the putative missing gland.

 Intraoperative Assessment of Parathyroid Hormone

Intraoperative assessment of parathyroid hormone (IOPTH) represents a useful 
adjunct in the performance of parathyroid reoperation, both for single and multiple 
gland disease entities. The usefulness of biochemically confirming the removal of 
hyperfunctional parathyroid tissue by applying IOPTH becomes apparent when one 
considers the previous operative procedure(s) performed by the initial surgeon with 
respect to what was identified/removed and whether normal glands were identified 
and histopathologically confirmed. The utilization of IOPTH allows the surgeon to 
determine the physiologic effect of removal of the putative abnormal gland, indicat-
ing removal of all hyperfunctional parathyroid tissue provided the appropriate crite-
ria (>50% decline in PTH) is achieved intraoperatively. Should this decrement not 
be achieved, further exploration proceeds until IOPTH confirms removal of all 
hyperfunctional tissue.

Thus, the application of IOPTH in re-exploration potentially limits the extent to 
which surgical dissection is required in the previously operated neck, thereby limiting 
the possibility of injury to the recurrent laryngeal nerve and iatrogenic hypoparathy-
roidism due to manipulation/biopsy of normal glands. Another capability of IOPTH 
is through intraoperative sampling of blood from the internal jugular veins simultane-
ously in order to determine a gradient difference in PTH levels, thereby indicating on 
which neck side a hyperfunctional gland resides (Fig. 5.4). This technique may also 
be employed to potentially identify an ectopically located undescended inferior para-
thyroid adenoma, or so-called parathymus, which was not identified at the time of 
initial exploration (Fig. 5.5). Ultimately, the use of IOPTH in all parathyroid explora-
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tions provides a measure of biochemical confidence that will serve to limit the extent 
of surgical dissection and reduce the potential for morbidity.

 Mediastinal Exploration

Re-exploration for parathyroid disease may require exploration of the mediastinum. 
Ectopic parathyroid glands located within the mediastinum and below the level of 
the thymus account for a small percentage (0.2%) of all abnormally located glands 
[9]. These inferior parathyroid glands are associated in almost all circumstances 
with the thymus with which they descend during the embryonic development, hav-
ing arisen with this structure as a third pharyngeal pouch derivative (Fig. 5.6).

Several approaches to the mediastinum are possible for re-exploration. The 
choice of approach utilized is dependent on the location of the putative adenoma. 
Definitive localization is required prior to considering mediastinal surgery. Fusion 
imaging, combining the anatomic and physiologic capabilities of computed tomog-
raphy and sestamibi nuclear scintigraphy, provides for simultaneous correlative 
imaging for hyperfunctional parathyroid glands (Fig. 5.7). The techniques available 
for approaching the mediastinum include transcervical substernal with cervical 

PTH 863 pg/ml
right jugular vein

PTH 265 pg/ml
left jugular vein

Fig. 5.4 Simultaneous IJV sampling for intraoperative PTH assessment
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 thymectomy using sternal retraction (with or without video assistance) for superior 
mediastinal glands, median sternotomy with direct approach to the anterior middle 
and caudal compartments, posterolateral thoracotomy for posteriorly based glands 
in the lower mediastinal compartment, and video-assisted endoscopic minimally 
invasive dissection for selectively focused exploration.

 Secondary/Tertiary Hyperparathyroidism and MEN

Recalcitrant hyperparathyroidism following total or subtotal parathyroidectomy in 
patients with renal-induced disease represents a unique challenge to the surgeon. 
Problems with persistent disease usually result from inadequate resection following 
subtotal parathyroidectomy in which three or fewer glands are removed initially or 
when supernumerary gland(s) are not recognized during four-gland parathyroidec-
tomy. Recurrent hyperparathyroidism usually results from delayed hyperplasia 
developing in cervical parathyroid remnants or within autotransplanted tissue 
placed during initial surgery.

Fig. 5.5 The undescended 
inferior parathyroid gland, 
so-called parathymus

5 Surgical Algorithm for Recurrent and Peristent Hyperparathyroidism



48

The surgical evaluation for patients recommended for re-exploration includes 
sestamibi imaging and the determination of the serum PTH gradient in the graft- 
bearing arm as compared with the contralateral arm in patients who also received 
autotransplantation initially. Candidate patients in this cohort include those with 
renal-induced hyperparathyroidism and those with the Multiple endocrine neo-
plasia type 1 (MEN 1) syndrome in whom total parathyroidectomy was indicated. 
Patients with the MEN 1 syndrome undergoing re-exploration pose a unique sur-

4th pharyngeal pouch
(sup. parathyroid)

3rd pharyngeal pouch
(inf. parathyroid)

Thyroid
gland

Thymus
gland

Fig. 5.6 Embryonic derivation of the parathyroid glands
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Fig. 5.7 (a) Sagittal projection from “fusion” image depicting mediastinal parathyroid adenoma; 
(b) coronal projection of “fusion” image depicting parathyroid adenoma

Fig. 5.8 Coronal projection of “fusion” image depicting intrathyroidal parathyroid gland in  
recurrent MEN 1

Fig. 5.9 Intraoperative 
photograph depicting the 
use of the gamma detection 
device in localizing 
intrathyroidal parathyroid 
gland in pt. with recurrent 
MEN 1
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gical challenge in that, even after initial four- gland removal, the possibility of 
hyperfunctional supernumerary parathyroid tissue exists together with autograft 
hyperfunction. Unlike sporadic four-gland hyperplasia in patients with primary 
hyperparathyroidism, those patients with recalcitrant renal- or MEN 1-induced 
disease will often localize accurately with nuclear scanning (Fig. 5.8). In these 
instances, the gamma detection device may be utilized to facilitate the dissection 
in order to limit disturbance to critical surrounding structures and limit morbidity 
(Fig. 5.9).
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Fig. 5.10 Treatment algorithm for recalcitrant hyperparathyroidism
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 Summary

Management of recalcitrant hyperparathyroidism represents a unique therapeutic chal-
lenge. Opportunity for success and potential morbidity incurred as a result of reopera-
tion differ significantly when compared with initial surgery. The utilization of surgical 
adjuncts such as invasive/noninvasive localization studies, IOPTH, and gamma probe 
offers benefit in the management of patients with recurrent hyperparathyroidism. A 
management protocol is summarized in the treatment algorithm illustrated in Fig. 5.10.
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Chapter 6
Surgical Techniques and Pearls: 
The Unsuccessful Reoperation

Jeffrey M. Bumpous and Mary Worthen

 Introduction

Even in the most skilled of hands, a small percentage of patients will not be cured 
after reoperative parathyroid surgery. Reoperative parathyroid surgery can be dan-
gerous even for the most experienced surgeons and is associated with higher com-
plication rates. Damage to the recurrent laryngeal nerve (RLN), hypoparathyroidism, 
and persistent hyperparathyroidism are the common complications associated with 
reoperative parathyroid surgery [1]. Reoperative parathyroid surgery is often indi-
cated for persistent primary hyperparathyroidism and recurrent primary hyperpara-
thyroidism. Persistent primary hyperparathyroidism is defined as a failure of serum 
calcium and parathyroid hormone (PTH) normalization after a parathyroidectomy 
operation. Recurrent primary hyperparathyroidism occurs when serum calcium and 
PTH levels are initially normal but become elevated 6 months after surgery [2]. This 
is common in patients who have undergone a subtotal parathyroidectomy without 
correction of the underlying abnormality, such as renal disease. This represents a 
separate entity and will not be considered an unsuccessful operation.

Unsuccessful reoperative parathyroid surgery can result from the misdiagnosis 
of hyperparathyroidism, the failure to identify affected parathyroid glands radio-
graphically or surgically, incomplete or inappropriate use/interpretation of intraop-
erative PTH measurements, and lack of adequate postsurgical follow-up. Lack of 
surgical experience and surgery performed at low-volume surgical centers have 
shown to have increased rates of unsuccessful repeat surgery [3]. This chapter aims 
to review common causes of reoperative parathyroid surgery failure with hopes to 
improve surgical outcomes in this difficult patient population.
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 Misdiagnosis

Obtaining the correct diagnosis of primary hyperparathyroidism is crucial to suc-
cessful reoperative parathyroid surgery. Given the increased morbidity associated 
with re-exploration, the threshold for surgery in remedial operations should be more 
stringent than for patients undergoing primary surgery. Several diagnoses must be 
ruled out prior to proceeding with repeat surgery to avoid poor surgical outcomes. 
Endocrine disorders can mimic primary hyperthyroidism, and a careful preopera-
tive workup is necessary to prevent unsuccessful reoperations or unnecessary oper-
ations. In one study, 144 patients who had had previous parathyroid surgery 
requiring reoperation were evaluated with hopes of improving success rates in para-
thyroid reoperations. Successful reoperation was defined by prolonged reversal of 
hypercalcemia. The most common cause of recurrent hyperparathyroidism in their 
cohort was multiple endocrine neoplasia type 1 (MEN1). Failure of adequate preop-
erative family history can lead to the failed diagnosis of this disorder, resulting in 
persistent or recurrent hyperparathyroidism. MEN1 is associated with multiglandu-
lar, ectopic, and supernumerary disease. The presence of the syndrome is often not 
evident at the time of primary operation but can be revealed in prolonged follow-up 
[4]. The optimal surgical treatment for MEN1 is frequently under debate, but typi-
cally involves either total or subtotal parathyroidectomy. Persistent hyperparathy-
roidism is more frequent after subtotal parathyroidectomy than after total 
parathyroidectomy with autologous graft of parathyroid tissue. Recurrent hyper-
parathyroidism has a similar frequency in the two surgical strategies. Genetic test-
ing should be performed on all young patients diagnosed with hyperparathyroidism 
[5]. In one study, outcomes for 130 consecutive remedial parathyroid explorations 
were reviewed, resulting in seven failed reoperations due to persistent disease. Four 
of these patients had multi-gland hyperplasia, one was diagnosed with multiple 
endocrine neoplasia type 2A (MEN 2A), and one had an occult supernumerary 
gland after four gland excisions [6].

Not only can unsuccessful parathyroid surgery be secondary to misdiagnosis of 
primary hyperparathyroidism, certain diseases can mimic normocalcemia in post-
operative patients leading to the false belief that the patient has been cured. Similarly, 
a surgical cure can be incorrectly considered unsuccessful and lead to unnecessary 
reoperations if not monitored closely. When using surgical adjuncts such as intraop-
erative PTH (ioPTH) assays as criteria for intraoperative success, it is important to 
be aware of factors that can falsely alter the measurement. For example, in one large 
study, younger patients were found to have lower preoperative serum calcium, PTH 
levels, and ioPTH levels than older patients [7]. Metabolic disorders and poor renal 
function may falsely elevate the ioPTH. Vitamin D is a known inhibitor of PTH 
secretion and cause of secondary hyperparathyroidism. These patients may experi-
ence deceptive normocalcemia and elevated PTH after parathyroidectomy and have 
also been shown to have larger adenoma size [8]. These findings may play a role in 
failure of reoperative parathyroid surgery and support postoperative Vitamin D sup-
plementation in this population [7, 9, 10].
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Failure to formulate a well-rounded differential diagnosis and accurately diag-
nose causes of hypercalcemia and/or hyperparathyroidism can lead to poor out-
comes and failure of repeat surgical operations for this population of patients. The 
differential diagnosis includes hypercalcemia of malignancy, which can falsely 
elevate calcium and PTH levels. Measurement of an intact PTH (iPTH) level can aid 
in the differentiation of these diseases; iPTH is generally low in hypercalcemia of 
malignancy. Familial hypocalciuric hypercalcemia (FHH) is an autosomal domi-
nant disorder that is imperative to diagnose correctly as parathyroidectomy is not 
indicated for this disorder. An abnormal calcium-sensing receptor characterizes this 
disease, leading to hypercalcemia, normal or high PTH, and low urinary calcium 
excretion. The calcium/creatinine clearance is typically <0.01 in FHH [11]. Other 
important causes of hypercalcemia that the surgeon should be familiar with include 
exogenous calcium, medications (thiazides and lithium), granulomatous diseases, 
and metabolic diseases [12].

 Failure to Identify Affected Glands Radiographically

Numerous studies have emphasized the need for accurate imaging prior to consider-
ing parathyroid surgery. The intraoperative features used to identify parathyroid 
adenomas such as color, shape, and tactile perception of gland may be much more 
difficult to appreciate because of fibrosis within the tissues from the previous proce-
dure. For these reasons, most surgeons agree that preoperative imaging studies are 
an essential component of the workup prior to reoperative parathyroid surgery [13]. 
Preoperative localization can reduce complication rates and shorten operating time 
by directing the surgeon to the sites of abnormal glands. The lack of appropriate 
diagnosis radiographically can lead to unsuccessful reoperative parathyroid 
surgery.

Recent advances in preoperative localization have led to substantial improved 
outcomes after remedial surgery. Chen et al. evaluated 254 patients with hyperpara-
thyroidism and found that the positive predictive values for sestamibi scanning, 
radioguided surgery, and ioPTH testing were 81%, 88%, and 99.5%, respectively 
[14]. Yen et al. proposed that ultrasonography and sestamibi scans should be per-
formed before all reoperative parathyroid operations [15]. Shen et al. found that the 
sensitivities of preoperative localization studies were as follows: technetium Tc 
99m sestamibi scan, 77%; magnetic resonance imaging, 77%; selective venous 
catheterization (SVC) for intact parathyroid hormone, 77%; thallium-technetium 
scan, 68%; ultrasonography (US), 57%; and computed tomography (CT), 42%. The 
highest false-positive results were found in MRI, and the highest false-negative 
results were seen in US. Coexisting thyroid disease can often be a confounding vari-
able in both nuclear imaging and high-resolution ultrasound; interpretation of these 
exams by experienced radiologist and surgeons is of paramount importance. MRI, 
thallium-technetium, and technetium sestamibi scans were more sensitive for ectop-
ically located tumors than tumors found in normal positions. They concluded that 
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patients who require a reoperation should receive preoperative localization with the 
combination of noninvasive imaging methods including US, MRI, CT and sesta-
mibi scans; when used together, they correctly identified abnormal glands in 87% of 
cases. After a failed primary parathyroidectomy, artifacts from surgical clips placed 
in the neck often limit the diagnostic quality of CT, although it can be useful for 
evaluation of altered anatomy [16]. Previous studies have demonstrated limited suc-
cess in locating mediastinal, retrotracheal, retroesophageal, or small adenomas [2]. 
If radiographic localization remains equivocal after the previous modalities have 
been performed, then invasive SVC is recommended. This combination of invasive 
and noninvasive studies identified abnormal glands in 95% of cases [2, 13]. In one 
large prospective trial performed at the National Institutes of Health (NIH), the 
results of preoperative imaging protocols and surgical re-exploration in a series of 
patients with missed parathyroid adenomas after failed initial procedures for pri-
mary hyperparathyroidism were evaluated. The highest false-positive results were 
seen in ultrasonography, likely due to the identification of lymph nodes within the 
neck. The study concluded that the single best noninvasive imaging study was the 
sestamibi scan. Sestamibi with 99mTc is the most commonly used radiotracer for 
imaging of the parathyroid glands. Sestamibi is taken up by both the thyroid and the 
parathyroid glands, but hyperactive parathyroid tissue retains the radiotracer longer 
than normal thyroid tissue on delayed images [16]. As a single test, the sestamibi 
scan has the advantage of relatively low cost, very good sensitivity, and high speci-
ficity. Coexisting thyroid disease such as multinodular goiter, autoimmune thyroid-
itis, and well-differentiated thyroid cancers can be confounding factors decreasing 
the identification accuracy of technetium sestamibi. Previous studies have described 
the accuracy of sestamibi scanning in identifying single adenomas to be approxi-
mately 99% [17]. Single-photon emission computed tomography (SPECT) can help 
to differentiate parathyroid activity from overlying thyroid and has been shown to 
increase sensitivity of scintigraphic parathyroid imaging [16]. The aforementioned 
study and several others have concluded the optimal combination would be ultra-
sound (better intrathyroidal evaluation than sestamibi) and sestamibi (improved 
mediastinal evaluation) [18, 19]. With regard to invasive studies, venous sampling 
showed a higher rate of true-positive results versus angiography and should be con-
sidered when noninvasive studies are inconclusive, as they are expensive and depen-
dent on the skill of the interventional radiologist [13]. Selective venous sampling 
has been shown to correctly identify the side of affected gland in >89% of cases 
[20]. Ultrasound-guided parathyroid FNA provides an alternative technique for 
identification of abnormal glands, in particular intrathyroidal glands. The addition 
of on-site PTH analysis aids the ultrasonographer by providing real-time feedback 
and improves accuracy [6]. Although it has been stated that one should not perform 
remedial parathyroid surgery unless two preoperative imaging studies are both posi-
tive and concordant, many accept a positive sestamibi alone as adequate imaging 
[6]. Interestingly, investigations have shown that surgeon-performed cervical ultra-
sonography improved the localization of abnormal parathyroid glands preopera-
tively [21]. Although ultrasound and scintigraphy are established studies for 
preoperative localization of parathyroid adenomas, four-dimensional computed 
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tomography (4D-CT) has been increasingly adopted and is routinely used at many 
hospitals [22]. These images provide anatomical and functional information by 
incorporating perfusion characteristics of hyperfunctioning glands. One recent 
study compared scintigraphy to 4D-CT in 40 patients and found that the CT cor-
rectly localized 76% of parathyroid lesions in 80% of patients and scintigraphy 
correctly localized 43% of lesions in 48% of patients. Both modalities missed 20% 
of lesions. Importantly, in patients with prior failed parathyroidectomies, 4D-CT 
correctly identified lesions in all five patients, and scintigraphy missed two lesions. 
The smallest lesion detected by 4D-CT was 4  mm and 10  mm for scintigraphy. 
4D-CT exposes the patient to significantly higher doses of ionizing radiation [23]. 
Four phases may not be necessary; Noureldine et al. found that two-phase and four- 
phase CT provide an equivalent diagnostic accuracy in localizing hyperfunctional 
parathyroid glands. The reduced radiation exposure to the patient may make two- 
phase acquisitions a more acceptable alternative for preoperative localization [24]. 
To improve unsuccessful reoperative parathyroid surgery, continued research in the 
radiographic diagnosis of parathyroid lesions is warranted.

 Intraoperative Failure to Identify Affected Glands

Aberrant parathyroid tissues are more likely to deviate from the typical anatomic 
positions of normal parathyroid tissue in patients who have previously had neck 
surgery. An unsuccessful reoperation may be secondary to ectopic parathyroid tis-
sue, hyperplasia, supernumerary glands, or inadequate/partially resected normal 
parathyroid adenoma which can result in parathyromatosis. An ectopic parathyroid 
gland may be hidden anywhere from the pericardium up to the nasal septum. A 
normal superior gland position is defined as the region posterolateral to the superior 
pole of the thyroid superior and posterior to the course of the RLN. The normal 
inferior gland position is defined as in the region of the lower pole of the thyroid 
gland anterior to the RLN and the inferior thyroid artery [13]. Shen et al. evaluated 
102 failed parathyroid operations and found that ectopic parathyroid tissue was 
present in >50% of reoperative cases. Thirty-seven percent of cases resulted from 
the incomplete resection of multi-gland disease, and 7% were due to the lack of 
identification of an adenoma in a normal location. Similar to previous studies, the 
majority of ectopic glands were found in the paraesophageal region (28%), non- 
thymic mediastinal region, (26%), intrathymic region (24%), and intrathyroidal 
region (11%), within the carotid sheath (9%), and in high cervical position (2%). 
Five patients had unsuccessful reoperations, and two of these had multiple supernu-
merary glands in ectopic positions in the mediastinum. All five had false-positive 
localization studies [2]. Lesions in the tracheoesophageal groove/posterior superior 
mediastinum can be considered to be in the normal position of the superior parathy-
roid gland; therefore, it is not considered a true ectopic site. It is not uncommon for 
adenomas to be adherent to the undersurface of the RLN in this region. Reluctance 
to dissect near the nerve can be a major factor in the failure to appreciate superior 
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parathyroid glands in this region. In one prospective study, 222 consecutive patients 
who underwent re-exploration for hyperparathyroidism at the National Institutes of 
Health (NIH) were evaluated. The most common site for a missed adenoma was in 
the tracheoesophageal groove in the posterior superior mediastinum, and the most 
common ectopic site was the thymus or mediastinum. 13 of the 222 initial reopera-
tions failed the procedure, with six patients requiring another procedure. One patient 
had diffuse muscular seeding in the strap and sternocleidomastoid muscles (para-
thyromatosis). Successful extirpation of diseased parathyroid tissue in these cases 
may require expansion of the resection to include non-parathyroidal adjacent tissues 
in order to reestablish calcium homeostasis; the trade-off however is that operative 
morbidity may be increased. The other five patients were re-explored 6 months after 
the initial procedure. Repeat imaging workup in three patients showed unusual 
abnormal gland locations in the nasopharynx and aortopulmonary window. Two 
failed the procedure when intrathyroidal tissue was incorrectly identified as being 
adenomas on frozen section. Seventeen patients with failed reoperations developed 
recurrent disease at much later dates (>6 months). Most parathyroid glands were 
found to regrow at the site of initial surgical resection, and seven had recurrent dis-
ease in a single lesion on the contralateral side of earlier abnormal lesion; this entity 
has been described to be a double adenoma [13]. It must be emphasized that a sur-
geon who performs a unilateral exploration runs the risk of missing a second ade-
noma or hyperplastic glands even if ioPTH is used. MEN1 has increased frequency 
of supernumerary glands and ectopic glands, and embryonic rests can be embedded 
within fatty tissue surrounding the trachea, esophagus, and carotid artery [5]. 
Patients with MEN1 frequently present at age less than 40 years as well; so the 
threshold for consideration of MEN1 should be higher in the younger patient cohort. 
There is a subset of patients in whom parathyroid glands are not identified during 
reoperative surgery, potentially leading to an unsuccessful reoperation. In this set-
ting, it is recommended that bilateral explorations be performed to search potential 
ectopic sites. In addition, if one ectopic parathyroid gland is initially visualized, 
other possible ectopic sites should be evaluated prior to any removal of parathyroid 
tissue, such that the existence of single versus multiglandular disease can be more 
appropriately defined. These sites include the thymus, superior mediastinum, retro-
esophageal and submandibular regions, carotid sheath, upper cervical region for 
missing lower gland, and posterior mediastinum for missing upper gland. If all areas 
are negative, intraoperative ultrasound and bilateral internal jugular vein sampling 
to determine if an ipsilateral PTH gradient is present should be considered, although 
ultrasound can be difficult once surgery has started and surgical planes are dis-
rupted. A thyroid lobectomy is an option, with median sternotomy/mediastinoscopy 
or other thoracic endoscopies reserved for failure to identify the abnormality in all 
other locations; this could occur coincident to cervical exploration or at a later date 
considering the overall condition of the patient. If all else fails, ligation of the blood 
supply to the missing parathyroid gland has been reported, but represents a strategy 
with limited evidence basis for long-term efficacy [6]. Gamma probe detection of 
radiolabeled sestamibi has been used to guide cervical dissection in remedial 
cases.  One study experienced successful minimally invasive radioguided 
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parathyroidectomy (MIRP) in reoperative parathyroid surgery using the gamma 
probe for single adenomas as predicted by sestamibi scan. Current thinking is that 
minimally invasive surgery when indicated is likely to decrease the risk of nerve 
injury due to directed technique and less exploration of unnecessary areas while 
minimizing dissection and can offer a patient avoidance of general anesthesia and 
perhaps a lower rate of permanent hypoparathyroidism [6, 17].

 Pitfalls of the Utilization of the Intraoperative Parathyroid 
Hormone Assay

Intraoperative parathyroid hormone (ioPTH) assay has allowed surgeons to perform 
minimally invasive parathyroid surgery with success rates comparable to bilateral 
exploration and can confirm the removal of all hyperfunctioning parathyroid tissue 
in a relatively short time period, as the half-life of PTH is approximately 5 min [25]. 
The earliest method for monitoring ioPTH was described in the 1990s by Irvin et al. 
[26], who recommended a 50% decline from pre-excision PTH levels at 10 min 
after gland excision. The commonly applied Irvin criterion is reported to correctly 
predict postoperative calcium levels in 96–98% of patients. However, when these 
criteria are met intraoperatively yet persistent hyperparathyroidism occurs, one 
must question the clinical accuracy of the 50% drop criteria in PTH levels. Other 
investigators have shown presence of multiglandular disease despite a 50% drop in 
the ioPTH level. However, the PTH baseline reference concentration can be mark-
edly increased by surgical manipulations during preparation of the affected glands, 
individual variability of the PTH half-life, and modifications in the physiological 
state of the patient during surgery such as renal failure [27]. Thus, one could misin-
terpret an apparent 50% decrement as representing an adequate fall in ioPTH and 
thereby miss occult residual multi-gland disease [13]. One study evaluated 1882 
patients and found that a 10 min post-excision ioPTH level that decreased 50% from 
baseline and is normal or near normal was highly successful, versus relying on 50% 
decrease alone. 22.4% of patients with multiglandular disease experienced failed 
operation when using the 50% decrease alone [28]. In the challenging reoperative 
patient, unsuccessful reoperation may be attributed to failure of accurately evaluat-
ing the ioPTH degradation curve. Accordingly, more stringent criteria have been 
appropriately described for an intraoperative definition of cure in the reoperative 
scenario. A measurement of a 10 and 20 min value could contribute to the identifica-
tion of patients eligible for avoidance of further neck exploration in a previously 
operated neck with higher risk of surgical complications [29]. When used for the 
discrimination of hyperparathyroidism caused by hyperplasia or multiglandular dis-
ease such as in MEN1, ioPTH has shown substantially lower reliability, with a high 
rate of false-positive values [5]. One retrospective review evaluated 1371 patients 
undergoing ioPTH monitoring and found that persistent and recurrent disease rate 
was lowest in the patient with final ioPTH <40 pg/mL [7]. Another study evaluated 
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1108 individuals with a mean follow-up of 1.8 years and found that patients with 
final ioPTH levels <40 pg/mL also had lower recurrence rates [30]. Baseline index 
PTH levels can alert the surgeon to the potential for the presence of multi-gland 
disease. Baseline levels below 100  pg/ml in patients with hyperparathyroidism 
often indicate, low volume, single gland disease [31]. The failure to obtain final 
ioPTH level < 40 pg/mL by surgeons may partially be responsible for an unsuccess-
ful operation, especially in the absence of bilateral exploration. Of all the periopera-
tive adjuncts used during parathyroid surgery, intraoperative PTH testing has the 
highest sensitivity, positive predictive value, and accuracy. Although important for 
preoperative evaluation, imaging modalities allow the surgeon to localize the abnor-
mality, but ioPTH evaluation are crucial in assessing results of surgery and empha-
size the critical importance of close follow-up after surgery [14].

 Incomplete Follow-Up

Postoperative reoperative parathyroid surgical patients must be carefully monitored 
for surgical complications. Intraoperative PTH values not only provide valuable 
intraoperative information for the surgeon but can also be used as a guide for fol-
low-up plan. ioPTH levels greater than 40 have been shown to experience higher 
rates of persistence and recurrence, and recurrence may not be evident until roughly 
2 years after surgery or longer. It is therefore imperative to perform close surveil-
lance for patients who meet this criteria to avoid unsuccessful reoperations [7].

Reoperative patients are at higher risk for inadequate postoperative parathyroid 
function and RLN paralysis. Postoperative hypocalcemia is often temporary; most 
patients becoming hypocalcemic will improve, while normal residual parathyroid 
tissue regains function in the first several days after reoperation. A subset of patients, 
however, will remain hypocalcemic and will require lifelong calcium and vitamin D 
replacement. A possible cause of unsuccessful reoperative parathyroid surgery 
defined by postoperative complications is due to incomplete initial workup and/or 
follow-up. Laryngoscopic evaluation of bilateral RLN function is a critical compo-
nent of the preoperative evaluation, even if the patient is asymptomatic. The knowl-
edge of a RLN injury is likely to impact the choice of operative approach in the 
remedial setting. Close monitoring of calcium and PTH levels is critical in a reop-
erative patient. Long-term follow-up must be especially performed in patients with 
endocrine disorders (MEN) as they are at higher risk for recurrent hyperparathy-
roidism [4]. If persistent or recurrent disease is biochemically confirmed, the patient 
must be carefully reassessed as a new patient. This includes repeat history and 
physical examination, repeat laryngoscopic evaluation, preoperative imaging (often 
multimodal), and laboratory values including 24 h urine calcium. Given that the risk 
of surgical complication increases with each repeat exploration, truly asymptomatic 
reoperative patients with unsuccessful surgery with borderline laboratory abnor-
malities may be considered for nonoperative management [25].
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