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CASE DESCRIPTION

A 46-year-old woman with a complex history of
primary hyperparathyroidismpresented to the en-
docrinology clinic for persistent hypercalcemia de-
spite 3 prior neck surgeries with removal of at least
2 parathyroid glands. She was originally diagnosed
with primary hyperparathyroidism 27 years earlier
at the age of 19 when she developed kidney
stones. Since then, she has required intermittent
laser lithotripsy with stone removal, eventually re-
quiring a urethral stent placed 2 years before her
current presentation.
Her first surgery was in 2004 and documenta-

tion of this surgery was not available because it
was performed at an outside institution. Her sec-
ond surgery, in 2007, excised the right inferior
parathyroid gland and pathologic assessment was
consistent with hypercellular parathyroid tissue. In
2012, a 4-gland neck dissection was performed
and a left superior parathyroid gland was identi-
fied and excised. No parathyroid tissue was iden-
tifiedon the right and no glandwas identified in the
left inferior aspect. Her intraoperative parathyroid
hormone (ioPTH)2 decreased from 495 to 258
pg/mL [reference interval (RI) 12–88 pg/mL] after
removal of the left superior parathyroid gland. De-
spite no residual parathyroid tissue identified at

the time of surgery, her hypercalcemia and hyper-
parathyroidism persisted.
Given her persistent increased serum PTH con-

centrations and her young age at initial presenta-
tion, the possibility of a genetic syndrome was
evaluated. She denied symptoms of other endocri-
nopathies such as lactation, gastroesophageal re-
flux disease, or hypoglycemia, and her laboratory
values were not suggestive of them: prolactin 19
ng/mL (RI for adult premenopausal female is <25
ng/mL), gastrin 62 pg/mL (RI 0–99 pg/mL for ≥8-h
fast), and vitamin D (25-hydroxy) total 22.4 ng/mL
(RI 20.1–50.0 ng/mL). Genetic testing for MEN1
(menin 1), the most common hereditary cause of
primary hyperparathyroidism, was negative (1).
At the endocrinology visit, her serum PTH was

increased at 148 pg/mL (RI 12–88 pg/mL) and her
calcium was 11.4 mg/dL (RI 8.9–10.2 mg/dL). An
ultrasound of the neck (Fig. 1) demonstrated a
1.4-cm soft tissue lesion in the left suprasternal
notch with increased vascularity and heteroge-
neous echotexture. The ultrasound differential in-
cluded a prominent lymph node and ectopic
parathyroid adenoma. A fine needle aspiration
(FNA) was performed; the aspirate was sent for
cytological assessment, and a saline wash of the
FNA needle was sent to the chemistry laboratory
for PTH quantification. The FNA PTH wash had an
intact PTH concentration of 2550 pg/mL (<100
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pg/mL suggests non-PTH secreting tissue) (2) with
concomitant serumPTH of 153 pg/mL (12–88 pg/mL),
and immunohistochemical (IHC) staining from the
cytologyaspiratecellblockwasconsistentwithparathy-
roid tissue (Fig. 2, B and C).
Although she had already undergone 3 prior

surgeries, she underwent a fourth surgery in 2015
for removal and pathologic assessment of the soft
tissue lesion.

DISCUSSION

The signs and symptoms of hypercalcemia in-
clude increased micturition from increased urine
calcium, nausea/vomiting, constipation, muscle
and bone pain, and neurologic changes. Over time,
hypercalcemia can lead to osteoporosis and
nephrolithiasis. Primary hyperparathyroidism is
the most common cause of hypercalcemia. PTH is
produced by chief cells in the parathyroid gland in
response to low ionized calcium. In hypercalcemia
due to primary hyperparathyroidism, there is un-
regulated production of PTH leading to increased
calcium and PTH concentrations. By contrast, sec-
ondary hypercalcemia due to malignancy or other

causes will have decreased or low/normal concen-
trations of serum PTH (3).
The quantification of intact serum PTH assists in

the differential diagnosis of hypercalcemia. Intact
PTH is an 84–amino acid polypeptide (approxi-
mately 9.43 kDa) that undergoes peripheral prote-
olysis to several C-terminal fragments present in
serum, ranging from34 to 77 amino acids in length
(4). The intact 84–amino acid peptide is the active
hormone and has a relatively short half-life of <5
min. Intact PTH and its metabolites are cleared by
the liver and kidneys (4, 5).
In this case, intact PTH wasmeasured in 3 differ-

ent settings (serum PTH, ioPTH, and PTH from an
FNAwash). In allmeasurements, the PTH valuewas
detected using an automated 2-site immunoenzy-
matic “sandwich” chemiluminescence assay with
detection by monoclonal anti-PTH-alkaline phos-
phatase on a Beckman Coulter DXI instrument.
This method is meant for the detection of intact
PTH and is mostly specific to intact PTH with mini-
mal cross-reactivity for the smaller PTH proteolytic
byproducts. The largest byproduct, PTH 7-84, is
the only proteolytic product with known significant
and sizable cross-reactivity (4). Beckman Coulter
reports a 72% cross-reactivity between PTH 7-84
and intact PTH for the automated intact PTH assay
(6).
The short half-life of intact PTH enables detec-

tion of changes in serum concentration within
minutes after removal of a hyperfunctioning para-
thyroid gland. Using an intraoperative PTH assay
allows for close monitoring of serum PTH concen-
tration while the patient is in the operating room
with results in <20 min. The main difference be-
tween the serum PTH and ioPTH assays is the
shorter assay time in ioPTH to allow for faster re-
porting. The 2 assays have identical antibodies,
buffers, and detection chemistries, but the ioPTH
assay has decreased wash times, sacrificing low-
end precision. This tradeoff is acceptable because
the baseline ioPTH concentrations usually exceed
the upper reference limit, and the surgeon expects

Fig. 1. Ultrasound image taken from the left
suprasternal region demonstrates a 1.4-cm
(note markers) soft tissue nodule (red arrow)
with variable echotexture.
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a ≥50% decrease from baseline to indicate suc-
cessful parathyroid excision (7).
During the patient's third surgery, her baseline

PTH was 495 pg/mL, with a drop to 319 pg/mL 10
min after the apparent parathyroid tissue was ex-
cised, and then to 258 pg/mL before closing. Her
ioPTH concentration did not decrease towithin the
normal serum range and only nearly decreased by
50%well into the surgery. There are several ioPTH-
monitoring protocols, including the Miami crite-
rion protocol, which is a 50% decline after 10 min,
and the dual criteria protocol, which is a 50% de-
cline after 10 min and a return to normal PTH con-
centration, with further testing at 20 min if testing
fails to meet both criteria. There are other moni-
toring protocols such as the Mayo protocol, which
tests at baseline, 5, and 10 min after excision, with
similar criteria to the dual protocol (8). The patient
had a negative ioPTH result during the third sur-
gery, since she did not have a decrease in ioPTH
by 50% at 10 min nor did she return to a PTH
concentration within the RI. The third surgery was
stopped, however, since an exhaustive bilateral
neck dissection did not reveal any additional para-
thyroid tissue.
After the third surgery, during the evaluation of

the left suprasternal nodule, an FNA was per-
formed with the aspirate sent for cytological
evaluation and aneedlewash sent for PTH concen-
tration. Thyroid and parathyroid epithelial cells
cannot be distinguished on standard cytology
smears. If enough cellular material is present in
the aspirate, a cell block and IHC staining for para-
thyroid hormone and thyroid markers, such
as thyroid transcription factor-1 (TTF-1), may be
performed. However, there is often insufficient cel-
lularmaterial to perform a cell block; therefore, the
PTH concentration from the FNA wash are used as
a valuable surrogate. To collect a PTH wash after
FNA, a small volume of normal saline is drawn into
the needle to “wash” the needle after the aspirate
has been expelled for cytology. In this case, 0.5 mL
normal saline was drawn into the needle and then

collected into a container. This was performed af-
ter each pass of the suprasternal nodule. Thewash
was refrigerated and immediately transported to
the laboratory for intact PTH analysis. Saline
washes are a nonstandard fluid; therefore, the in-
dividual laboratories must validate this matrix for
PTH analysis using the serummode of their immu-
nochemistry analyzer. Generally, the serum PTH,
and not the ioPTH, assay is used.
Performing a parallel serum PTH analysis at the

time of the FNA is important to minimize any inter-
ference by blood contamination that can conflate
interpretation and also to provide a valid sample
for comparison concentration. Any procedural
related contamination is subsequently diluted;
therefore, a PTH concentration in thewash greater
than the serum concentration may be interpreted
as consistent with sampling parathyroid tissue
during the FNA (9, 10). Some institutions use a de-
fined cutoff of >100 pg/mL intact PTH to indicate
the presence of parathyroid tissue. This cutoff is
based on several reference studies (2, 11, 12). In
this case, the FNA PTH wash concentration (2550
pg/mL PTH) was far greater than the serum PTH
concentration of 153 pg/mL and the 100 pg/mL
cutoff value. In addition, values over 1000 pg/mL
have been shown to be consistent with parathy-
roid tissue sampling (13). Giusti et al. (2) compared
the positive predictive value (PPV) and sensitivity of
FNA PTH wash to Technetium (99mTc) sestamibi
(MIBI) scintigraphy in identifying parathyroid ade-
nomas preoperatively. They found that relative to
scintigraphy, which has a PPV of 71% and sensitiv-
ity of 69%, FNA wash PTH evaluation had a PPV of
94% and sensitivity of 83%. Given the very high
concentration of PTH in the FNA wash, this FNA
was interpreted by the clinical team as consistent
with parathyroid tissue sampling.
This patient had suffered from primary hyper-

parathyroidism for years despite multiple parathy-
roidectomy surgeries. In the vast majority of cases,
primary hyperparathyroidism is due to a parathy-
roid adenoma. Persistent increased PTH despite
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parathyroidectomy is uncommon, with a success
rate of over 95% with parathyroidectomy (14). Af-
ter her third surgery, at which time a decrement of
50% ioPTH at 10 min was not achieved, a su-
prasternal nodule was discovered. Based on the
ultrasound and FNA results, the immediate clinical
concern was for ectopic parathyroid tissue as a
cause of the refractory increased PTH. Indeed, in
6%–16% of cases of hyperfunctioning parathyroid
gland, the gland is identified in an ectopic location
(14).
During embryonic development, the parathy-

roid glands migrate from the third and fourth
pharyngeal pouches to a position posterior to
the thyroid gland. Ectopic parathyroid glands are

due to aberrant migration during this developmen-
tal stage. The typical location of ectopic parathyroid
glands depends on whether the gland is inferior or
superior. In this case, the ectopic parathyroid gland
was from the left inferior aspect. The most common
location for inferior ectopic glands is in the region of
the thymus, consistentwith thesuprasternal location
of this patient's ectopic gland (15).
The patient underwent a fourth surgery to re-

move the suprasternal nodule. Her baseline intra-
operative PTH concentration was 311 pg/mL. The
operation was closed before results of the 5-min
ioPTHwere obtained, since the patient had already
undergone an exhaustive bilateral neck dissection
during her third surgery. Final pathology on the

Fig. 2. Suprasternal nodule aspirate and excision.
(A), Hematoxylin and eosin–stained cell block from soft tissue nodule aspirate. The aspiratedmaterial is variably cellular with
bland appearing epithelial cells. (B), Cell block with IHC staining for parathyroid hormone (clone 105G7, Leica Biosystems).
The epithelial cells demonstrate positive staining, consistent with parathyroid origin. (C), Cell block with IHC staining for
thyroid transcription factor 1 (code M3575, clone 8G7G3/1, Dako UK), a marker of thyroid origin. The epithelial cells are
negative. (D), Photomicrograph of the soft tissue nodule demonstrates hypercellular tissue with loss of normal parathyroid
gland architecture. IHC (not shown) was consistent with parathyroid tissue.
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nodule showed parathyroid chief cell hyperplasia
consistent with sporadic primary multiglandular
parathyroid hyperplasia (Fig. 2D). Approximately 6
months after her fourth surgery, her PTH con-
centration improved but remained increased at
113 pg/mL (12–88 pg/mL), and her calcium con-
centration normalized with cinacalcet (Sensipar)
treatment to 9.2 mg/dL (8.9–10.2 mg/dL). The
rate of recurrent primary hyperparathyroidism
despite surgical management is about 5% (16).
Although still classified as recurrent primary hy-
perparathyroidism, given her healthy renal func-
tion and persistent mildly increased PTH, her
calcium concentration was controllable with
medication after removal of the ectopic parathy-
roid tissue.
This result underscores the importance of as-

sessing for ectopic parathyroid tissue in patients
with a diagnosis of recurrent primary hyperthy-
roidism and the integral role of laboratory PTH
measurements in diagnosis and treatment.
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TAKEAWAYS

• The most common cause of primary
hyperparathyroidism is a parathyroid
adenoma.

• Presurgical techniques (including ultra-
sound, FNA, and FNAPTHwash) play an
important role in assessing possible
parathyroid adenomas.

• Ectopic parathyroid adenoma is a
possible cause of refractory primary
parathyroid.

• Intraoperative PTH and nonstandard
uses of PTH assays have clinical utility
in standard and complex hyperpara-
thyroidism cases.

• Proper sample collection and labora-
tory result interpretation are keys to
guiding clinical interpretation.
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