Endocrinol Metab 2019;34:327-339
https://doi.org/10.3803/EnM.2019.34.4.327
pISSN 2093-596X - eISSN 2093-5978

Review

EnM

ENDOCRINOLOGY
AND METABOLISM

Article

Check for

Intraoperative Parathyroid Hormone Monitoring in the
Surgical Management of Sporadic Primary
Hyperparathyroidism

Zahra F. Khan, John I. Lew

Division of Endocrine Surgery, DeWitt Daughtry Family Department of Surgery, University of Miami Leonard M. Miller
School of Medicine, Miami, FL, USA

Intraoperative parathyroid hormone monitoring (IPM) has been shown to be a useful adjunct during parathyroidectomy to ensure
operative success at many specialized medical centers worldwide. Using the Miami or “>50% intraoperative PTH drop” criterion,
IPM confirms the complete excision of all hyperfunctioning parathyroid tissue before the operation is finished, and helps guide the
surgeon to identify additional hyperfunctioning parathyroid glands that may necessitate further extensive neck exploration when in-
traoperative parathyroid hormone (PTH) levels do not drop sufficiently. The intraoperative PTH assay is also used to differentiate
parathyroid from non-parathyroid tissues during operations using fine needle aspiration samples and to lateralize the side of the neck
harboring the hypersecreting parathyroid through differential jugular venous sampling when preoperative localization studies are
negative or equivocal. The use of IPM underscores the recognition and understanding of sporadic primary hyperparathyroidism
(SPHPT) as a disease of function rather than form, where the surgeon is better equipped to treat such patients with quantitative in-
stead of qualitative information for durable long-term operative success. There has been a significant paradigm shift over the last 2
decades from conventional to focused parathyroidectomy guided by IPM. This approach has proven to be a safe and rapid operation
requiring minimal dissection performed in an ambulatory setting for the treatment of SPHPT.
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INTRODUCTION

Since the first parathyroidectomy performed in 1925 by Dr. Fe-
lix Mandl of Vienna, bilateral neck exploration (BNE) by an ex-
perienced surgeon has been the gold standard with operative
success rates of >95% in patients with sporadic primary hyper-
parathyroidism (SPHPT) [1-4]. Advanced and available imag-

ing modalities such as sestamibi (MIBI) scintigraphy and/or
high-resolution neck ultrasonography for the preoperative local-
ization of abnormal parathyroid glands and the innovation of in-
tact serum parathyroid hormone (PTH) measurement or intra-
operative PTH monitoring (IPM) as a point-of-care test have
become the cornerstones for focused or minimally invasive
parathyroidectomy [5-9]. Focused parathyroidectomy guided by
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IPM is a quantitative operative approach that allows the exci-
sion of an image-localized hypersecreting parathyroid gland
without disturbing or visualizing the other normal functioning
parathyroid glands in situ, and achieving operative success with
rapid and minimal dissection.

An important component of focused parathyroidectomy, the
intraoperative PTH assay helps surgeons quantitatively deter-
mine the excision of all hyperfunctioning parathyroid tissue,
and predict long-term operative success [5-9]. Furthermore, in
patients with multiglandular disease (MGD), the intraoperative
measurement of PTH levels accurately identifies the underlying
presence of additional hypersecreting parathyroid gland(s) and
indicates if further neck exploration is required [10,11]. Over
the last 2 decades, the use of intraoperative PTH assays in the
performance of focused or minimally invasive parathyroidecto-
my has supplanted traditional BNE for SPHPT as the standard
approach at many specialized centers worldwide [12,13].

In 1987, Nussbaum et al. [14] described a novel method for
measuring the intact (1-84) PTH molecule by using a 2-site an-
tibody technique more sensitive and specific than previous as-
says. With its rapid rate of decay (half-life, 3 to 5 minutes), PTH
can be quickly and quantitatively measured intraoperatively and
predicts postoperative eucalcemia in patients after successful
parathyroidectomy for SPHPT. In 1991, Irvin et al. [15-18] re-
fined and applied this PTH assay intraoperatively, also known
as IPM, to routine clinical practice in the surgical treatment of
SPHPT at the University of Miami. Since 1996, rapid intraoper-
ative PTH assays have become commercially available, and
such surgical adjuncts are now utilized routinely by parathyroid
surgeons [5,7-9,12,13]. This article reviews the current role of
IPM in the surgical management of SPHPT.

PARADIGM SHIFT OF OPERATIVE
APPROACH TO FUNCTION

The rapid intraoperative PTH measurement in plasma and tissue
has changed the understanding and surgical management of
SPHPT, which is the result of autonomous PTH hypersecretion
by one or more parathyroid glands. Surgical treatment of
SPHPT is based on the identification and removal of all abnor-
mal hypersecreting parathyroid glands while preserving nor-
mally functioning glands in sifu that maintain calcium homeo-
stasis. Conventional parathyroidectomy requires BNE that in-
volves the identification of usually four parathyroid glands, and
based on surgeon’s judgment and experience, excision of all
grossly enlarged glands based on size, weight, color and/or his-
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topathology by frozen section is performed while all normal-
sized parathyroid glands are left in situ [3,4,19]. However, this
conventional surgical approach can be problematic since these
qualitative assessments do not always correlate directly to para-
thyroid gland secretory function [20,21]. If any hypersecreting
gland(s) is left behind, hypercalcemia will persist, resulting in a
failed operation. Conversely, if all normally functioning para-
thyroid glands are excised or their blood supply compromised
during extensive neck dissection, postoperative hypocalcemia
and tetany may occur. This operative approach yields success
rates of 97% to 99% when performed by experienced parathy-
roid surgeons. These curative rates may fall to 70%, however,
when traditional parathyroidectomy is performed by inexperi-
enced surgeons [3.4,19].

Focused parathyroidectomy guided by IPM for SPHPT incor-
porates the common principles of minimally invasive surgery
that result in less dissection, decreased operative time and less
morbidity [5-9]. IPM allows for the quantitative recognition of
parathyroid gland hyperfunction based on PTH secretion during
parathyroidectomy and underscores the recognition and under-
standing of SPHPT as a disease of function rather than form, in
which the surgeon is better equipped to treat such patients with
quantitative instead of qualitative information for optimal long-
term operative success. This paradigm shift of surgical treat-
ment from traditional BNE to focused parathyroidectomy using
the intraoperative PTH assay for SPHPT over the last few de-
cades has a comparable reported operative success ranging from
97% to 99% [5-9]. Generally, focused parathyroidectomy is
performed in patients with a single hyperactive parathyroid
gland localized by preoperative MIBI and/or ultrasound studies
through a central or lateral incision measuring from 2 to 4 cm.
When the abnormal parathyroid gland(s) has been identified
and excised, the intraoperative PTH assay is used to confirm
that no additional hypersecreting parathyroid tissue remains.
When intraoperative PTH levels decrease by >50%, the limited
operation is completed [22]. Performed under general or local
anesthesia, focused parathyroidectomy guided by IPM can be
offered to most patients in the ambulatory setting.

CLINICAL MANIFESTATIONS OF SPHPT

SPHPT usually results from an overproduction of PTH by one
hyperfunctioning parathyroid gland that usually leads to hyper-
calcemia. Patients typically have four parathyroid glands (84%),
but may have more (supernumerary) glands (13%) or as few as
three parathyroid glands (3%) [23]. The incidence of SPHPT in-
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creases with age, and ranges from 0.1% to 0.3% [24]. SPHPT
occurs more frequently in women than in men with a ratio of
3:1. A parathyroid adenoma is a benign encapsulated tumor that
accounts for most cases (85% to 96%) of SPHPT. Although
most have single gland disease (SGD), 2% to 5% of patients
may have more than one affected parathyroid gland or MGD.
MGD or parathyroid hyperplasia is caused by an increase of pa-
renchymal mass within all parathyroid glands, and occurs in 4%
to 15% of patients. The incidence of MGD increases in patients
with multiple endocrine neoplasia (MEN) types 1 and 2, and
non-MEN familial isolated hyperparathyroidism. MGD is treat-
ed by either subtotal parathyroidectomy (three and a half glands
removed) or total parathyroidectomy with autotransplantation.
For patients with MEN, cervical thymectomy should also be
performed for supernumerary parathyroid glands. Parathyroid
carcinoma is an indolent malignant tumor found in less than 5%
of patients.

The clinical presentation of SPHPT has evolved throughout
the years. The classic pentad of kidney “stones,” painful “bones,”
abdominal “groans,” lethargic “moans,” and psychic “overtones”
are still occasionally seen and described, although most patients
present rarely now with these aforementioned dramatic symp-
toms [25,26]. Historically described clinical manifestations of
this calcium disorder such as osteitis fibrosa cystica (brown tu-
mors), peptic ulcer disease and pancreatitis among others are
now infrequently encountered in developed countries. With the
widespread use of serum channel autoanalyzers since the late
1960’s, patients with SPHPT most commonly present with ab-

normal biochemical values before any manifestation of clinical
symptoms. At an early stage of diagnosis, most patients with
SPHPT are asymptomatic (75% to 80%) with the disease being
evident only as hypercalcemia on routine blood tests [27,28].

INDICATIONS FOR IPM GUIDED
PARATHYROIDECTOMY

IPM guided parathyroidectomy should be considered in a pa-
tient with a secure biochemical diagnosis of SPHPT as shown
by: (1) persistent hypercalcemia, (2) elevated PTH levels, (3)
normal renal function, and (4) normal or elevated urinary calci-
um. When patients have symptoms associated with hypercalce-
mia or no apparent symptoms that fulfill guidelines as detailed
by the Summary Statement from the Fourth International Work-
shop on the Management of Asymptomatic Primary Hyperpara-
thyroidism, a preoperative localization study can be obtained in
an attempt to localize the hyperfunctioning parathyroid gland in
the neck for focused parathyroidectomy (Table 1) [29]. Localiz-
ing imaging studies, however, should not be used to make the
diagnosis of SPHPT or to determine the need for parathyroidec-
tomy. Such imaging studies are used only for guidance of a fo-
cused neck or mediastinal exploration when positive. Nonethe-
less, even when preoperative imaging studies are negative or
non-localizing, parathyroidectomy guided by IPM can be per-
formed in patients with described surgical indications.

IPM has been shown to be useful and predictive of operative
success in patients with SPHPT whereas its routine utilization

Table 1. Guidelines from the Fourth International Workshop on the Management of Asymptomatic Primary Hyperparathyroidism [29]

Measurement

Serum calcium (>upper limit of normal)

1.0 mg/dL (0.25 mmol/L)
A.BMD by DXA: T-score <-2.5 at lumbar spine, lumbar spine, total hip, femoral neck or distal 1/3

B. 24-hour urine for calcium >400 mg/day (>10 mmol/day) and increased stone risk by biochemical

C. Presence of nephrolithiasis or nephrocalcinosis by X-ray, ultrasound, or CT

Skeletal
radius®
B. Vertebral fracture by X-ray, CT, MRI, or VFA
Renal A. Creatinine clearance <60 cc/min
stone risk analysis®
Age <50 years

fracture assessment.

risk and marked hypercalciuria is a guideline for parathyroidectomy.

Patients need to meet only one of these criteria to be advised to undergo parathyroidectomy. They do not need to meet more than one these criteria.
BMD, bone mineral density; DXA, dual energy X-ray absorptiometry; CT, computed tomography; MRI, magnetic resonance imaging; VFA, vertebral

“The use of Z-scores instead of T-scores is recommended in evaluating BMD in premenopausal women and men younger than 50 years; "Most clinicians
will first obtain a 24-hour urine for calcium excretion. If marked hypercalciuria is present (400 mg/day [10 mmol/day]), evidence of calcium-containing
stone risk should be sought by a urinary biochemical stone risk profile. The presence of abnormal findings indicating increased calcium-containing stone
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in patients with secondary and tertiary hyperparathyroidism,
MEN syndrome, parathyroid cancer and more recent forms of
normocalcemic and normohormonal hyperparathyroidism re-
mains unclear [30-34]. IPM has been used to guide parathyroid-
ectomy for isolated familial hyperparathyroidism with benefits
of limited neck operations and lower rates of postoperative hy-
poparathyroidism, but at lower accuracy associated with higher
rates of operative failure and recurrence rates [35]. The informa-
tion and guidelines for IPM use described in this review article,
therefore, are relevant only to the surgical treatment of patients
with SPHPT.

IPM AND THE “MIAMI CRITERION”

Along with confirming the complete excision of all hyperfunc-
tioning parathyroid glands, IPM can also detect the incomplete
removal of abnormal parathyroid tissue during the operation,
thereby indicating the need for further neck exploration. At the
University of Miami, IPM is used to: (1) confirm the complete
excision of all hyperfunctioning parathyroid tissue before the
operation is finished; (2) guide the surgeon to identify additional
hyperfunctioning parathyroid tissue that may necessitate further
extensive neck exploration when the intraoperative PTH levels
do not drop sufficiently; (3) differentiate parathyroid from non-
parathyroid tissues biopsied using measurement of intraopera-
tive PTH levels in fine needle aspiration (FNA) samples; (4)
lateralize the side of the neck harboring the hypersecreting
parathyroid(s) through differential jugular venous sampling
when preoperative localization studies are equivocal; and (5)
safely allow limited parathyroidectomy with resection of only
hypersecreting gland(s) along with preservation of the normally
functioning parathyroid glands in patients with SPHPT.

During IPM guided parathyroidectomy, PTH hypersecretion
by abnormal parathyroid gland(s) is measured by a non-radioac-
tive 2-site immunochemiluminescent antibody that captures and
quantifies the unknown amount of hormone in a blood sample.
Rapid results are needed for intraoperative PTH dynamics to
guide parathyroidectomy, and therefore, point-of-care capability
with PTH assay equipment placed in, or in close vicinity to, the
operating room is essential. Most intraoperative PTH assays can
provide results within an average of 8 to 20 minutes, and corre-
late well with standard diagnostic assays.

Several intraoperative PTH drop criteria to predict postopera-
tive eucalcemia and operative success following parathyroidec-
tomy have been published [22,36,37]. However, the first de-
scribed criterion used to predict postoperative eucalcemia in pa-
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tients with SPHPT is the “Miami criterion” defined as a >50%
PTH decrease from either the highest pre-incision or pre-exci-
sion hormone level in a peripheral blood sample obtained 10
minutes after complete excision of all hyperfunctioning para-
thyroid tissue [15-18,22]. This protocol was initially developed
and refined at the University of Miami by George L. Irvin III,
M.D. Peripheral venous or arterial access for blood collection at
specific times during parathyroidectomy is required. During the
operation, at least 4 mL of whole blood in a tube with ethylene-
diaminetetraacetic acid is collected at specific times: (1) a “pre-
incision” level prior to skin incision; (2) a “pre-excision” level
collected after dissection and just before clamping the abnormal
gland’s blood supply; (3) a 5-minute level; and (4) 10-minute
level after excision of the abnormal parathyroid gland. When
peripheral PTH values drop more than 50% from the highest ei-
ther pre-incision or pre-excision level 10 minutes after the exci-
sion of all abnormal parathyroid gland(s), this criterion predicts
normal or low calcium levels postoperatively with an overall
accuracy of 98% [22]. After this >50% intraoperative PTH de-
crease occurs, the observed hormone dynamic guides termina-
tion of the operation without further exploration or identifica-
tion of the remaining normally secreting parathyroid glands. If
the 10-minute sample does not meet criterion, a delayed sample
at 20 minutes is measured and/or further neck exploration is
continued until all hypersecreting parathyroid glands are re-
moved confirmed by another >50% decrease from the highest
subsequent pre-excision sample [38,39].

In predicting postoperative serum calcium levels, using the
Miami criterion during parathyroidectomy guided by IPM has a
sensitivity of 98%, specificity of 97%, positive predictive value
of 99%, negative predictive value of 90%, and overall accuracy
of 97%. Analyzing only those patients with more than 6 months
of follow-up including all known operative failures, the sensi-
tivity, specificity, and accuracy remain unchanged [22].

INTRAOPERATIVE PTH DYNAMICS

Understanding the subtleties of intraoperative PTH dynamics
allows the surgeon to confidently predict operative success,
avoid failure in cases of unsuspected or missed MGD and mini-
mize neck exploration in most patients with SPHPT. IPM pro-
vides PTH levels at specific times during the operation, and
therefore, the timing of sample collection and interpretation of
changes in the hormone values is necessary to ensure a high rate
of success. IPM, as used in a patient after excision of a single
hypersecreting gland is shown in Fig. 1. With an adequate
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>50% intraoperative PTH decrease at the 10-minute post-exci-
sion interval from the highest pre-incision or pre-excision PTH
level, this hormone dynamic predicts postoperative eucalcemia
without further exploration of the remaining parathyroid glands
in situ. IPM also confirms to the operating surgeon that all un-
derlying hypersecreting parathyroid glands have been excised.
Conversely, if PTH levels fail to drop at the 10-minute interval
following excision of a suspected hyperfunctioning parathyroid
gland, IPM signals that more hypersecreting tissue exists and
continued neck exploration with the above described protocol is
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Fig. 1. Intraoperative parathyroid hormone (PTH) dynamics after
successful excision of a single hyperfunctioning parathyroid gland.
With a drop at the 10-minute post-excision interval of 79% from the
highest PTH level, this hormone dynamic predicts a postoperative
return to eucalcemia and successful parathyroidectomy. Dotted line
shows time of gland excision.

100 179

applied to each additionally removed gland [38]. Another ex-
ample shows IPM dynamics in a patient with MGD in Fig. 2.

In some patients, an additional 20-minute PTH level may be
obtained if the criterion is not met at 10 minutes after parathy-
roid gland excision or if the decline dynamics are equivocal
(e.g., borderline drop at 50%). In the majority of these patients,
the “>50% PTH drop” criterion is achieved with an additional
20-minute measurement that excludes a false negative result
and accurately predicts postoperative success (Fig. 3). In 46%
of patients with equivocal PTH levels at 10 minutes after para-
thyroidectomy, a further 20-minute blood sample revealing a
>50% PTH decrease has been shown to prevent unnecessary
BNE [39]. Ultimately, the surgeon should rely on his/her best
judgment to continue neck exploration.

There are several factors that may adversely influence the ac-
curacy and utility of intraoperative PTH assays in the surgical
management of patients with SPHPT. When peripheral intrave-
nous access is obtained before neck exploration, saline infusion
maintains this intravenous access patent throughout the opera-
tion. Nevertheless, it is prudent to discard 10 cc of blood with
saline to avoid blood sample dilution that may lead to falsely
decreased PTH measurements. Blood sample hemolysis has
also been described to cause falsely low PTH levels, and should
not be used [40]. Although shown to increase intraoperative
PTH levels, propofol infusions do not significantly influence
PTH dynamics [41].
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Fig. 2. Intraoperative parathyroid hormone (PTH) dynamics during successful parathyroidectomy in a patient presenting with multiglandu-
lar disease. An intraoperative pre-incision level of 122 pg/mL, excision of an abnormal left inferior parathyroid gland led to a rise of PTH
level to 179 pg/mL. After excision of this hypersecreting gland, the PTH assay showed no decrease at 5 minutes (120 pg/mL) and 10 min-
utes (98 pg/mL). Continued neck exploration revealed another abnormal hypersecreting parathyroid gland. The third and fourth glands ap-
peared grossly normal. The expected hormone level did not decrease significantly until excision of the second hyperfunctioning parathyroid
gland. With a 77% decrease in the 10-minute sample (24 pg/mL) compared with the second pre-excision plasma sample (105 pg/mL), no re-
maining hypersecreting parathyroid tissue was present. Dotted line shows time of gland excision.
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Fig. 3. Intraoperative parathyroid hormone (PTH) dynamics in a patient where the intraoperative >50% PTH decrease criterion is not met at
10 minutes after parathyroid gland excision or if the decline dynamics are equivocal (e.g., borderline PTH drop at 50%). In the majority of
patients, the “>50% intraoperative PTH drop” criterion is achieved with an additional 20-minute PTH measurement that excludes a false
negative result, accurately predicts postoperative success and prevents unnecessary bilateral neck exploration. Dotted line shows time of

gland excision.

Although easier to access during parathyroidectomy, jugular
venous (central) sampling for blood specimens usually results
in higher overall absolute PTH values when compared to pe-
ripheral vein samples [42,43]. Such PTH levels obtained cen-
trally may take longer to decrease leading to unnecessary neck
explorations when a stricter criterion to normal range at 10 min-
utes is used to meet operative success or prolong the operation
for an appropriate PTH decrease [42,43]. Although higher PTH
levels are measured from central venous specimens, the accura-
cy of intraoperative PTH dynamics overall are not affected by
sample site. Nevertheless, to avoid inaccuracies in the interpre-
tation of IPM dynamics, blood samples during parathyroidecto-
my should be consistent and obtained from the same site.

Careful tissue dissection and parathyroid gland excision dur-
ing the operation is also paramount. To avoid missing a peak
PTH level due to manipulation of the offending parathyroid
gland during the operation, a “pre-excision” blood sample col-
lected just before ligation of the gland’s blood supply should be
obtained [22,44,45]. The collection of a “pre-excision” sample
may mitigate gland manipulation by the surgeon and a falsely
inadequate PTH drop. Conversely, avoiding manipulation of the
remaining parathyroid glands will minimize false elevation of
intraoperative PTH levels and a delay of its decrease.

APPLICATIONS OF IPM GUIDED
PARATHYROIDECTOMY

Although surgeon judgment and experience are important in de-
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termining the excision of abnormal parathyroid glands initially,
quantitative intraoperative PTH measurement nevertheless can
supersede qualitative or subjective evaluation of abnormal para-
thyroid glands based on observed gland size, color, weight and/
or histopathology by frozen section. MIBI scintigraphy and
high-resolution neck ultrasonography, in contrast, play an im-
portant role in focused operations by identifying the anatomical
location of an abnormal hypersecreting and/or enlarged gland,
and when localized preoperatively, allow for minimal dissection
of the targeted area and excision of this diseased parathyroid
gland. However, in patients where imaging studies fail to cor-
rectly identify the offending parathyroid gland or in those pa-
tients with MGD, IPM can determine if all hypersecreting tissue
has been removed or if the need for further exploration of more
underlying abnormal parathyroid glands. When small incisions
are used, and other parathyroid glands are not routinely visual-
ized, IPM provides assurance to the surgeon during the opera-
tion that all hypersecreting parathyroid tissue has been excised.

IPM guided parathyroidectomy and BNE

Studies demonstrate that operative success and complication
rates for IPM guided parathyroidectomy are comparable to con-
ventional BNE [5-9]. In one study of 656 consecutive patients
over 11 years where 255 underwent focused parathyroidectomy
with IPM and 401 conventional BNE, the cure rates were 99%
and 97% with complication rates of 1.2% and 3%, respectively.
Parathyroidectomy guided by IPM also had a reduced operating
time (1.3 hours vs. 2.4 hours), and a reduction in length of hos-

Copyright © 2019 Korean Endocrine Society



Utility of Intraoperative Parathyroid Hormone Monitoring E n M

pitalization (0.24 days vs. 1.64 days) when compared to BNE
[5]. In another subsequent study of 718 patients over 34 years,
the cure rates for focused parathyroidectomy guided by IPM
and BNE were 97% and 94%, respectively [7]. In a 5-year fol-
low-up of a randomized controlled trial, focused parathyroidec-
tomy guided by IPM provided the same long-term results as tra-
ditional BNE in patients with primary hyperparathyroidism
[46]. In a multicenter study of patients with primary hyperpara-
thyroidism, despite inaccuracy of localization studies as well as
a large number of patients undergoing BNE, IPM decreased
postoperative rates of hypocalcemia and increased early opera-
tive success rates [47].

Parathyroidectomy guided by IPM compared to conventional
BNE results in fewer complications, less neck dissection, short-
er operative times, smaller incisions, increased use of local an-
esthesia, and emphasis on outpatient procedures [5-9,48]. [IPM
has been shown to be cost effective in the United States mainly
because it allows for ambulatory or outpatient parathyroidecto-
my [48,49]. Focused parathyroidectomy with IPM allows for
approximately a 50% decrease in hospital costs and patient
charges when compared to conventional BNE [49].

IPM and equivocal/discordant or negative localization
studies
When localization studies are equivocal, discordant or negative
in close to 40% of patients, IPM is invaluable in achieving op-
erative success [50]. MIBI scans can be completely negative,
have a single wrong focus, show multiple foci both correct and
incorrect, and miss multiple gland involvement [50]. IPM used
as an adjunct to parathyroidectomy can prevent failure when lo-
calization studies are incorrect, which is not always evident un-
til in the operating room or at completion of the operation [51].
Preoperative MIBI and neck ultrasound have been shown to be
concordant only 50% to 60% of the time, thereby leaving a
great number of patients with no definitive or discordant local-
ization. Discordance between MIBI and ultrasound has been re-
ported to be as high as 38% in consecutive patients treated by
parathyroidectomy with an 11% rate of MGD [50]. When pre-
operative localization studies are concordant for SGD, the use
of IPM may have marginal value [37,50,52]. However, in such
instances where there are discordant studies, IPM has been
shown to be of significant value in minimizing missed abnormal
parathyroid glands.

In patients with SPHPT undergoing initial parathyroidectomy
and negative preoperative MIBI and ultrasound imaging, there
is an increased risk for unsuccessful BNE, operative failure and
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missed MGD [51]. In a prospective multicenter study of 984
patients subjected to preoperative localization with MIBI
scinitigraphy and neck ultrasound who underwent initial para-
thyroidectomy, there were 173 patients who had both imaging
studies negative [53]. Of this group with negative localization
studies, in a subset of 83 patients who had IPM used during
their parathyroid operations compared to 90 patients who did
not, the risk for persistent hyperparathyroidism decreased from
26% to 8% and the risk of postoperative hypocalcemia from
16% to 8% at 6 weeks follow-up. As supported by the afore-
mentioned studies, the routine use of IPM in patients with nega-
tive or discordant localization studies has been recommended in
a position statement by the European Society of Endocrine Sur-
geons [52]. Similarly, the use of IPM is recommended for pa-
tients with SPHPT undergoing focused parathyroidectomy on
the basis of a single preoperative localizing imaging study.

IPM and MGD

The reported MGD rates of 3% to 5% using the Miami or
“>50% intraoperative PTH drop” criterion are significantly
lower than rates reported for stricter intraoperative PTH criteria
or BNE (15% to 30%) [10,11,54-56]. This has led to the belief
that this >50% PTH decrease during parathyroidectomy misses
MGD leading to unacceptable operative failure rates as high as
16% [57]. Other series of parathyroidectomy guided by this in-
traoperative >50% PTH decrease criterion report operative suc-
cess rates of 96% to 98%, and fail to show these hypothetical
high failure rates [5-9]. In a study of 103 patients who under-
went initial parathyroidectomy for SPHPT, the operative suc-
cess rate was 96% with the use of IPM [58]. Although MIBI lo-
calization was unreliable in demonstrating MGD in this patient
series, IPM was shown to differentiate between single and mul-
tiple gland disease to ensure long term operative success. In this
study, IPM correctly predicted all patients with MGD [58]. At
the authors’ institution, operative success was 98% in 164 treat-
ed patients with a 2% failure rate. Recurrence rate at 10 years
after undergoing focused parathyroidectomy guided by IPM
was 3%. This long-term study indicates that there may be an
overestimation of the predicted incidence for MGD; if such
higher rates of missed MGD were correct, a 16% or greater re-
currence rate would have been appreciated [11].

When stricter >50% PTH decrease criteria to normal range
are used or conventional BNE is performed after the “>50%
PTH drop” has occurred, additional enlarged, but normally
functioning glands may be found as previously described
[11,57]. Nevertheless, proponents of BNE continue to base the
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success of their operations on the ability to differentiate between
normal and abnormal glands based on qualitative or subjective
criteria that includes size alone, weight, color and/or histopa-
thology by frozen section [57]. Since operative success without
the excision of these additionally found “enlarged” glands has
been reportedly shown to remain the same, the answer to this
dilemma may rest in that grossly enlarged glands may not al-
ways be hyperfunctioning [7,11,59]. Prior reports have indicat-
ed that parathyroid gland size and histology does not always
correlate with parathyroid function [20,21].

In a prospective randomized study of patients that underwent
parathyroidectomy determined by gland size during BNE, there
was a higher incidence (10%) of MGD compared to patients
who underwent parathyroidectomy determined by gland func-
tion with IPM (3%). Despite fewer glands excised in the IPM
group, the operative success for both groups was similar [7].
The same findings were reported in another study where there
was a higher incidence of MGD in patients who underwent
BNE (16.5%) compared to those patients who underwent para-
thyroidectomy guided by IPM (11.1%) despite similar surgical
success rates [59]. These aforementioned findings and other
mounting evidence suggest that the routine excision of parathy-
roid glands based on size, weight, color and/or histopathology
by frozen section in an effort to minimize missed MGD, and
thus operative failure, may actually lead to the unfortunate re-
moval of various sized, but normally functioning, parathyroid
glands not contributing to SPHPT [11].

IPM and stricter criteria

Over the last few years, the “>50% intraoperative PTH drop”
criterion has been modified by some with the ultimate goal of
minimizing missed MGD, operative failure and improving cost-
effectiveness [22,36,37]. Stricter criteria that have been pro-

posed include a larger PTH level percent drop (>65% to 70%)
and/or return of the final PTH to within normal range, or a PTH
decrease at 5 minutes after gland excision [36,37,56]. There is
some evidence to suggest that modification of the original and
least strict intraoperative >50% PTH decrease criterion to
stricter requirements may slightly decrease the number of oper-
ative failures, but will significantly increase the incidence of
false negative results leading to unnecessary further neck explo-
rations and lowering its overall accuracy.

Studies have shown that the Miami criterion followed by the
Vienna criterion are the most balanced among all criteria pub-
lished in the literature, with the highest accuracy in the intraop-
erative prediction of operative success (Table 2) [22,36,37].
Conversely, the Rome criterion followed by the Halle criterion,
may be useful in the intraoperative detection of underlying
MGD. However, the application of these stricter criteria in pa-
tients with SPHPT and concordant preoperative imaging studies
during initial parathyroidectomy would result in a significantly
higher number of unnecessary BNE with a marginal improve-
ment in operative success [22,36,37]. Even so, almost all pa-
tients with an intraoperative >50% PTH decrease, without re-
gard for the absolute PTH level at the conclusion of the opera-
tion, still continue to be eucalcemic after parathyroidectomy
without a significant increased incidence of operative failure
[60]. Nevertheless, operating surgeons should validate their
IPM criterion to maximize operative success and minimize ex-
cessive neck exploration at their respective institutions.

LONG TERM RESULTS OF IPM GUIDED
PARATHYROIDECTOMY

Since 1993, parathyroid surgeries have been guided exclusively
by intraoperative PTH dynamics at the University of Miami.

Table 2. Most Common Intraoperative PTH Criteria for Prediction of Operative Success [37]

Criterion Protocol for operative success PPV, % NPV, %  Overall accuracy, %

Miami A >50% ioPTH drop from the highest either pre-incision or pre-excision at 10 minutes 99.6 70.0 97.3
after excision of all hyperfunctioning parathyroid gland(s)

Vienna A >50% ioPTH drop from the pre-incision value within 10 minutes after excision of all 99.6 60.9 92.3
hyperfunctioning parathyroid gland(s)

Rome A >50% ioPTH drop from highest pre-excision level and/or ioPTH level within normal 100 26.3 83.8
range at 20 minutes post-excision, and/or <7.5 ng/L less than the value at 10 minutes
post-excision

Halle An i0PTH decay to <35 ng/L within 15 minutes after excision of all hyperfunctioning 100 14.2 65
parathyroid gland(s)

PTH, parathyroid hormone; PPV, positive predictive value; NPV, negative predictive value; ioPTH, intraoperative parathyroid hormone.
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Conventional BNE is no longer performed as the initial ap-
proach unless there are negative or equivocal preoperative lo-
calizing studies confirmed by IPM. All patients have total serum
calcium levels measured within one or 2 days postoperatively,
followed by measurements of total serum calcium and PTH lev-
els at 2, 6 months, and yearly thereafter. At the author’s institu-
tion, operative success is considered when a patient has normal
or low calcium levels for at least 6 months after parathyroidec-
tomy. Operative failure is defined as persistent hypercalcemia
and elevated intact PTH levels occurring within 6 months of
parathyroidectomy. Recurrent disease is defined as hypercalce-
mia and high intact PTH levels occurring later than 6 months
following successful parathyroidectomy. MGD is considered
the presence of two or more hyperfunctioning glands at the time
of parathyroidectomy as demonstrated by IPM or when removal
of one gland results in operative failure.

In a series of 173 consecutive patients with SPHPT under-
went IPM guided parathyroidectomy at the University of Mi-
ami, 164 patients had more than 6 months of follow-up with a
mean postoperative follow-up of 83 months (range, 6 to 180)
[11]. Overall, 98% of these 164 consecutive patients had suc-
cessful parathyroid surgery and 2% were operative failures.
There were five patients (3%) who developed recurrent disease
later at 2, 4, 9, 10, and 12 years after their initial parathyroidec-
tomy. SGD was found in 96% of patients, and MGD was found
in 4% of patients. Using the Miami criterion, IPM correctly pre-
dicted postoperative success in 98% of patients at 6 months.
IPM predicted the presence of MGD in six of seven patients. Of
this group, there was a subset of 44 patients with a mean follow-
up of 142 months (range, 120 to 180) after IPM guided parathy-
roidectomy who did not develop recurrent disease [11]. Of these
patients, 43 had SGD and one had MGD identified by IPM at
the time of operation. All 44 patients have remained eucalcemic
almost 12 years after surgical resection. Such postoperative out-
comes indicate IPM guided parathyroidectomy allows for limit-
ed dissection of SGD in patients with SPHPT with durable long-
term eucalcemia.

In a later study from another institution of 1,368 patients who
underwent unilateral or BNEs with IPM for primary hyperpara-
thyroidism, there were no statistical differences in disease recur-
rence between groups (2.5% vs. 2.1%, P=0.68) with a median
follow-up of 9.2 months [61]. However, intraoperative PTH
percentage decrease was protective against disease for the entire
and unilateral neck exploration group. Furthermore, higher
postoperative PTH levels also independently predicted disease
recurrence. Although either operative approach did not indepen-
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dently predict recurrent hyperparathyroidism, intraoperative
PTH percentage decrease was another factor to help determine
need for conversion to BNE and help guide follow-up after suc-
cessful parathyroidectomy [61].

In yet another study of 1,108 patients who underwent initial
parathyroidectomy using IPM for SPHPT with a mean follow-
up of 21.6 months (range, 6 to 171.6), a final intraoperative
PTH value that dropped >50% from baseline to within normal
range was highly predictive of (98.5%) operative success [62].
Additionally, disease recurrence was more likely in patients
with a final intraoperative PTH value between 41 to 65 pg/mL
(1.1%) than those patients with a final value of <40 pg/mL
(0%). Such findings suggest that IPM facilitates a high rate of
initial operative success for SPHPT, and that patients with a fi-
nal intraoperative PTH value >40 pg/mL despite a >50% de-
crease should be continually monitored beyond 6 months for
long-term disease recurrence [62].

Such postoperative outcomes indicate IPM guided parathy-
roidectomy allows for limited dissection of SGD in patients
with SPHPT with predictive operative success at 6 months, low
recurrence rates and durable long-term eucalcemia. Neverthe-
less, as these aforementioned studies demonstrate, the accuracy
of IPM is highly dependent on the criteria and its implementa-
tion in predicting successful parathyroidectomy.

ADDITIONAL USES FOR THE
INTRAOPERATIVE PTH ASSAY

The intraoperative PTH assay used with the aforementioned cri-
terion not only determines the complete resection of all hyper-
secreting parathyroid tissue, but can also help the surgeon later-
alize and identify the offending parathyroid gland(s) in patients
with negative or equivocal preoperative imaging studies. Addi-
tionally, the intraoperative PTH assay can be used to help later-
alize the abnormal hyperfunctioning parathyroid gland in pa-
tients undergoing reoperative parathyroidectomy, and to predict
operative success as well as obviate the need for further exten-
sive exploration in a previously surgically scarred neck.

Differential internal jugular venous sampling

When conventional BNE for patients with negative preopera-
tive localization studies is performed, differential jugular ve-
nous sampling can be used in these patients to lateralize the side
of the neck harboring the hyperfunctioning parathyroid gland
[63-65]. When in the operating room, blood samples from the
most inferior portion of each internal jugular vein, preferably
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guided by ultrasound, are taken for rapid PTH measurement be-
fore skin incision. This technique that is positive in 70% to 80%
of cases can lateralize to the side of the neck containing the
highest PTH level (10% higher than the opposite side) leading
to successful unilateral neck exploration when used in conjunc-
tion with IPM [63,64].

Biochemical fine needle aspiration

FNA of tissue for PTH measurement can differentiate parathy-
roid glands from other anatomic structures of the neck with
100% specificity. A 25-gauge needle attached to a syringe is
used to aspirate the structure suspicious for parathyroid tissue.
The content aspirated in the needle is diluted with 1 cc of saline
solution, centrifuged, and the supernatant is used for PTH mea-
surement with the rapid intraoperative assay [66]. This tech-
nique provides prompt tissue identification without frozen sec-
tion, and it can be helpful when parathyroid gland localization is
challenging, especially when an intrathyroidal parathyroid
gland, indeterminate exophytic thyroid nodule, or enlarged
lymph nodes are present.

CONCLUSIONS

Focused parathyroidectomy guided IPM has been shown to be
effective in assuring operative success through minimal dissec-
tion and selected parathyroid gland excision. Using the Miami
or “>50% intraoperative PTH drop” criterion, only the hyper-
functioning parathyroid gland(s) is excised without visualizing
or disturbing the remaining normally functioning parathyroid
glands in situ. Instead of the traditional means of identifying ab-
normal parathyroid glands based on size, weight and/or histopa-
thology, IPM allows for a precise quantitative recognition of
parathyroid gland hyperfunction based on PTH secretion during
parathyroidectomy. The use of IPM underscores the recognition
and understanding of SPHPT as a disease of function rather
than form, where the surgeon is better equipped to treat such pa-
tients with quantitative instead of qualitative information for
durable long-term operative success. There has been a signifi-
cant paradigm shift of treatment from conventional to focused
parathyroidectomy with IPM for SPHPT over the last few de-
cades. Guided by intraoperative PTH levels, parathyroidectomy
has evolved into a safe, most successful and rapid operation, re-
quiring minimal dissection and can be performed in an ambula-
tory setting.
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