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Abstract

Background In patients with persistent (P-PHPT) or recurrent (R-PHPT) primary hyperparathyroidism, preoperative
localization is important. Selective parathyroid hormone venous sampling (sSPVS) is an invasive technique that can be
used to regionalize and/or lateralize the source of PHPT when noninvasive imaging studies are nonlocalizing. The
aim of the present study was to assess the role of sPVS in the preoperative evaluation of patients with P-PHPT or
R-PHPT and negative, equivocal, or discordant noninvasive imaging localization.

Methods After IRB-approval a retrospective review of all patients with P-PHPT or R-PHPT and nonlocalizing
noninvasive imaging that underwent sPVS from 2000 to 2014 was performed. The location of the source of PHPT at
sPVS was predicted by a parathyroid hormone (PTH) gradient and compared to the surgical, pathology, and bio-
chemical follow-up data as the gold standard. Sensitivity and positive predictive value (PPV) were calculated.
Results Of 30 patients who underwent sPVS, 12 patients did not undergo surgical exploration due to negative or non-
localizing PTH gradient (n = 8) or opted for medical management (n = 4). Of the 18 patients who underwent
surgical exploration, 17 (94 %) had a positive PTH gradient and pathologic parathyroid tissue identified at surgery.
Sensitivity and PPV of sPVS were 93 and 77 %, respectively, for all surgical cases, 86 and 60.0 % for cervical cases
(n = 11), and 100 and 100 % for mediastinal cases (n = 7). Sixteen patients (89 %) were surgically cured.
Conclusions In patients with P-PHPT or R-PHPT and nonlocalizing imaging studies, sPVS is a sensitive test for
localizing the source of PHPT when a positive PTH gradient is present.

Introduction

Primary hyperparathyroidism (PHPT) is a common cause
of endogenous hypercalcemia with an estimated recent
overall incidence of 50.4 cases per 100,000 person-years
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and calcium >6 months after surgical exploration) or per-
sistent PHPT (P-PHPT; elevated PTH and -calcium
<6 months after surgical exploration). Diagnostic consid-
erations may include ectopic parathyroid adenoma, mul-
tigland parathyroid disease or parathyroid carcinoma. In
patients with R-PHPT or P-PHPT, preoperative localiza-
tion is critical to guide the surgical approach and optimize
the success of remedial surgical exploration [4, 6].

Initial localization with noninvasive imaging may
include ultrasonography, parathyroid scan, four-dimen-
sional computed tomography (4D-CT) and/or magnetic
resonance imaging (MRI) with sensitivities ranging from
64 to 95 % [7, 8]. However, in patients with negative,
equivocal, or discordant noninvasive imaging studies,
selective parathyroid venous sampling (sPVS) is an inva-
sive interventional radiologic technique that can be used to
regionalize and/or lateralize the source of PHPT to the
cervical and/or mediastinal region with a sensitivity of
greater than 90 % [6, 8].

The aim of the present study was to assess the role of
selective parathyroid hormone venous sampling (sPVS) in
the pre-operative evaluation of 30 patients with persistent
(P-PHPT) or recurrent (R-PHPT) PHPT and negative,
equivocal, or discordant noninvasive imaging localization.

Methods

After approval by the Institutional Review Board, we con-
ducted a Health Insurance Portability and Accountability
Act—compliant, retrospective review using the comprehen-
sive electronic medical record system of all patients with
biochemically confirmed recurrent or persistent PHPT
(above normal PTH with a serum calcium >10.1 mg/dL)
who underwent sPVS in the period from 1/1/2000 to 9/1/
2014. Although the methods used to measure serum calcium
levels changed over time at our institution, the normal range
remained unchanged (8.9-10.1 mg/dL) throughout the
duration of the study since instrumentation was calibrated
against atomic absorption spectrophotometry according to
certified references from the National Bureau of Standards.
Serum intact PTH was measured by a two-site immuno-
chemiluminometric assay, which changed throughout the
course of the study with normal ranges as follows:
1.0-5.2 pmol/L by manual bead immunoassay (in-house
assay) in 2000 to December 2, 2003; 10-55 pg/mL
(1.1-5.8 pmol/L)) by Nichols Advantage (Nichols Institute
Diagnostics, San Juan Capistrano, CA U.S.A.) in December
3, 2003 to May 1, 2006; 10-67 pg/mL (1.1-7.1 pmol/L) by
Diagnostics Products Corporation assay (Diagnostics Prod-
ucts Corporation, Los Angeles, CA U.S.A.) in March 31,
2005 to July 15, 2007; and 15 to 65 pg/mL (1.59 to
6.90 pmol/L) as performed on the Roche Cobas 6000 (Roche

Diagnostics GmbH, Mannheim, Germany) since July 16,
2007. Patients who did not give approval for the use of their
medical record for research purposes were excluded. Clini-
cal, laboratory, radiologic, surgical, and pathology data were
abstracted from the comprehensive electronic medical
record. Postoperative surgical cure was defined as eucalcemia
with a serum calcium <10.1 mg/dL at 6-month follow-up.
Persistent PHPT was defined as an inappropriate PTH with a
serum calcium >10.1 mg/dL at 6-month follow-up.

Selective parathyroid venous sampling (sPVS)

sPVS was performed as an outpatient procedure by a single
interventional radiologist. Under conscious sedation, a SFr
sheath was inserted into the right femoral vein using the
Seldinger technique. Selective catheterization was per-
formed of the lower inferior vena cava and multiple cer-
vical and mediastinal veins and five milliliters of blood was
obtained at each site for PTH measurement.

sPVS and noninvasive imaging review
and interpretation

The location of the source of PHPT at sPVS was predicted
by a PTH gradient, defined as a >2.0-fold PTH elevation
relative to the inferior vena cava PTH level in at least one
dominant vein. The preoperative localization by noninva-
sive imaging modalities was collected from the radiology
reports. The preoperative localization by sPVS and non-
invasive imaging modalities was compared to the surgical,
pathology and biochemical follow-up data as the gold
standard and the sensitivity and positive predictive value
(PPV) were calculated. A diagnostic test was deemed true
positive if the study accurately displayed the location of the
single abnormal gland (i.e. right side of neck, mediastinum,
etc.) or all regions of overactivity in the case of multigland
disease. The study was deemed false positive if it indicated
an abnormal gland at a site different from found intraop-
eratively, and false negative if at least one abnormal gland
was not found from the study [4]. A negative noninvasive
localization was defined as no identification of a suspicious
lesion on any non-invasive imaging modality. An equivo-
cal noninvasive localization was defined as identification of
a suspicious lesion on one non-invasive imaging modality
but not confirmed on one or more other non-invasive
imaging modalities. A discordant noninvasive localization
was defined as two or more conflicting lesions identified
with noninvasive imaging studies.

Data management and statistical methods

Study data were collected and managed using REDCap
electronic data capture tools [9]. Descriptive statistics were
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generated. Statistical analysis was performed using JMP
10.0 (SAS Institute Inc., Raleigh, NC). Change in serum
calcium, phosphorus, and PTH before and after surgery
was compared using a paired 7 test.

Results
Patient characteristics

Thirty-two patients who had a biochemical diagnosis of
PHPT (above normal PTH with a serum calcium
>10.1 mg/dL), history of at least one non-curative prior
surgery and underwent sPVS for their P-PHPT and
R-PHPT were identified. Two patients were excluded due
to a final diagnosis of metastatic parathyroid carcino-
matosis. Our final review included 30 patients. Their
clinical and surgical details prior to sPVS are summarized
in Table 1. There were no significant postoperative com-
plications or deaths.

Remedial parathyroidectomy

Of the 30 patients, 18 (60 %) were treated surgically.
Twelve patients did not undergo surgical exploration due to
negative or non-localizing PTH gradient at sPVS (n = 8)
or opted for medical management (n = 4). Clinical, labo-
ratory, radiologic, surgical, and pathology data on the
surgically managed patients are summarized in Table 2. Of
these 18 patients, 17 (94 %) had a positive PTH gradient
from sPVS and pathologic parathyroid tissue identified at
subsequent  surgery [solitary adenoma (n = 19),
multiglandular hyperplasia (n = 2)]. One patient with a
negative PTH gradient was surgically explored without
resection and continued to have P-PHPT (false negative
sPVS).

Postoperatively, serum calcium, serum phosphorus, and
serum PTH levels were significantly changed (p < 0.0001,
0.001, and 0.01, respectively). Postoperative follow-up
indicated that sixteen patients (89 %) were cured and two
(11 %) had P-HPT, one of whom had no resection from the
surgery. There was only one minor post-operative com-
plication: an asymptomatic cervical hematoma that was
managed non-operatively.

Selective parathyroid venous sampling

sPVS was positive in 21 of 30 patients (70 %). No com-
plications occurred from the catheterization. Details on
presence of PTH gradient, value and location of the max-
imum PTH, and the exact location during exploration are
shown in Table 3. Table 4 provides details of SPVS on the
12 non-surgical candidates. Sensitivity and positive
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Table 1 Baseline demographic and surgical and clinical features of
30 patients with persistent or recurrent primary hyperparathyroidism
who underwent selective parathyroid venous sampling from 2000 to
2014

Sex, n (%)
Male 13 (43)
Female 17 (57)
Age, y, mean (range) 50.8 (21-75)
Prior operations, n (%)
1 18 (60)
2 9 (30)
3 2 (6.7)
4 1 (3.3)*
Glands removed at prior operations, n (%)
0 4 (13.3)
1 13 (43.3)
2 6 (20.0)
3 3 (10.0)
35 2 (6.7)
4 1(3.3)
5 1 (3.3)*
Total 50
Etiology of primary hyperparathyroidism, n (%)
Sporadic 29 (96.7)
MEN1 1(3.3)
Signs, n (%)
Nephrolithiasis 17 (56.7)
Osteopenia or osteoporosis 13 (43.3)
Cardiovascular disease 12 (40.0)
Pancreatitis 3 (10.0)
Symptoms, n (%)
Musculoskeletal complaints 9 (30.0)
Fatigue 8 (26.7)
Depression 8 (26.7)
Neurocognitive 5 (16.7)
Asymptomatic 12 (40.0)
Management, n (%)
Medical 12 (40.0)
Surgical 18 (60.0)

* Multiple-endocrine neoplasia type I syndrome (MEN1)

predictive value of sPVS were 93 and 77 %, respectively,
for all surgical cases, 86 and 60.0 %, respectively, for
cervical cases (n = 11), and 100 and 100 %, respectively,
for mediastinal cases (n = 7). These values exceeded the
sensitivity and positive predictive value of noninvasive
diagnostic tests (Table 5) with sensitivities of ultrasound,
parathyroid subtraction scanning (°**™Technetium-ses-
tamibi/'**Todine single-photon emission computed tomog-
raphy and computed tomography—SPECT/CT), and
conventional CT from this cohort of patients of 23, 33, and
25 %, respectively. Moreover, even considering the eight
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Table 2 Demographic, past surgical, laboratory, surgical and
pathology data of 18 patients with persistent or recurrent primary
hyperparathyroidism who underwent selective parathyroid venous

Table 2 continued

sampling and subsequent surgical exploration from 2000 to 2014

Sex, n (%)
Male 8 (44.4)
Female 10 (55.6)
Age, y, mean (range) 49.1 (21-75)
Prior operations, n (%)
1 12 (66.6)
2 4 (222)
3 1 (5.6)
4 1 (5.6)
Glands removed at prior operations, n (%)
0 1(5.6)
1 9 (50.0)
2 5 (27.6)
3 1(5.6)
4 1 (5.6)
5 1(5.6)
Preoperative labs, mean + SEM
Serum calcium level (mg/dL) 10.9 £ 0.2
Serum phosphorus level (mg/dL) 2.8 £ 0.1
Serum PTH level (pg/mL) 118.6 £ 25.7
Surgical exploration, n (%)
Cervical unilateral 10 (55.6)
Cervical bilateral 1(5.6)
Mediastinal 5Q27.7)
Combined cervical and mediastinal 2 (11.1)
Glands removed at current operation, n (%)
0 1 (5.6)
1 15 (83.3)
2 1(5.6)
3 1 (5.6)
Weight (mg) of glands removed, 460 £+ 169
mean + SEM (range) (40-2360)

Location glands removed at current operation, n (%)

Cervical
Left inferior 2 (10.0)
Left superior 3 (15.0)
Right inferior 2 (10.0)
Right superior 4 (20.0)
Intrathyroidal 2 (10.0)
Mediastinal
Intrathymic 6 (30.0)
Aorticopulmonary window 1 (5.0)
Postoperative Labs, mean += SEM
Serum calcium level (mg/dL) 93 +£0.2
Serum phosphorus level (mg/dL) 42+ 0.2
Serum PTH level (pg/mL) 17.7 £ 3.8
Change serum calcium level (mg/dL) —1.6 £ 0.1
(p < 0.0001)

Change serum phosphorus level (mg/dL) +1.4 + 0.3
(p < 0.001)
Change serum PTH level (pg/dL) —100.9 £ 27.0
(» <0.01)
Biochemical cure n (%)
Yes 16 (88.9)
No 2 (11.1)

patients with negative sPVS who did not go to surgical
exploration as false negative exams, the overall sensitivity
for sPVS still exceeds these other noninvasive studies at
59 % (13 of 22 patients).

Discussion

In patients with persistent or recurrent PHPT, preoperative
localization can be challenging. Given the increased risk of
complications and cost associated with reoperation for
PHPT, effective preoperative localization is critical [10—12].
Ultrasonography and parathyroid scanning are considered
first line localization studies in patients with PHPT. A prior
study has shown that CT with *’™Technetium-sestamibi
single-photon emission computed tomography (CT-MIBI-
SPECT image fusion) is a sensitive preoperative localization
test (88 %) in patients with PHPT for first time operations
[13]. However, the accuracy of ultrasonography and
parathyroid scanning has been shown to be significantly
lower among patients undergoing reoperative parathy-
roidectomy for PHPT and the data from the present series
support these prior findings [14]. For example, 15 of 18
surgical patients in the present study underwent parathyroid
subtraction scanning (**™Technetium-sestamibi/'**Iodine
SPECT/CT) which showed a sensitivity of 33 % and an
overall accuracy of 20 %. On the other hand, from the
present cohort, SPVS serves as a sensitive test (>90 %) to
localize the ectopic or non-ectopic culprit glands among the
reoperated patients with a positive PTH gradient. The pre-
sent data agree with previous studies regarding the superior
sensitivity of sSPVS to noninvasive imaging modalities in this
challenging patient population [6, 15-17].

According to the present data, sSPVS can be useful in
guiding surgical exploration in patients with diverse eti-
ologies for recurrent or persistent PHPT-missed single
adenoma, persistent multigland disease, and multiple
endocrine neoplasia [4, 18, 19]. Nonetheless, there were
four false positive and one false negative sPVS localiza-
tions. Interestingly, all of these false localizations occurred
in the cervical region. One hypothesis is that prior cervical
operations may alter the standard anatomic venous drai-
nage of the cervical region, thereby making interpretations
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Table 4 Parathyroid venous sampling data of 12 patients with persistent or recurrent primary hyperparathyroidism who underwent medical

management from 2000 to 2014

Age Gender Number prior Noninvasive Number Highest PTH, pg/ IVC PVS PVS
operations localization samples mL PTH, pg/  Gradient exact vein
mL

51 F 2 Discordant 12 12 6.2%* Negative SvC

45 F 1 Discordant 11 1333 50 Positive SvC

60 F 1 Discordant 8 524 245%% Negative R superior thyroid*

60 F 1 Negative 11 162 T4%* Negative SvC

30 F 1 Discordant 10 153 89.5%%* Negative L inferior thyroid

40 M 2 Discordant 8 591 838** Negative L 1IJ (low)

58 M 3 Equivocal 10 419 152%* Negative Thymic

66 F 2 Discordant 11 >2389 152 Positive Thymic, R inferior
thyroid

58 F 2 Negative 9 150 215%* Negative R 1J (mid)

63 M 2 Equivocal 10 194 138%* Negative R 1J (mid)

52 M Discordant 14 3000 717.8 Positive Thymic, inferior
thyroid

58 M 1 Discordant 12 >3000 198 Positive R internal mammary

* Drains both sides of the neck

** All values similar, no-dominant vein, and therefore non-localizing

Table 5 Comparison of sensitivity, PPV and accuracy of preoperative localization modalities in 18 patients with persistent or recurrent primary
hyperparathyroidism who underwent surgical exploration from 2000 to 2014

UsS US/FNA Parathyroid scan CT 4D-CT MRI sPVS
Underwent study, n 17 4 15 4 2 3 18
Negative study, n 10 1 6 3 1 3 1
Positive study, n 7 3 1 1 0 17
Incorrect localization, n 13 3 12 3 2 3 4
Correct localization, n 4 1 1 0 0 13
Sensitivity, % 23 50 33 25 0 0 93
Positive predictive value, % 43 33 33 - 0 0 77
Accuracy, % 17 25 20 25 0 0 72

US Ultrasound, US/FNA ultrasound with fine needle aspiration for parathyroid hormone washout, parathyroid scan *°™Technetium-ses-
tamibi/'**iodine single-photon emission computed tomography and computed tomography—SPECT/CT, CT computed tomography, 4D-CT
four-dimensional computed tomography, MRI magnetic resonance imaging, sPVS selective parathyroid hormone venous sampling

on regionalization or lateralization particularly challeng-
ing. This hypothesis is supported by the fact that the sen-
sitivity and PPV were 100 and 100 %, respectively, for
mediastinal lesions, but only 86 and 60 %, respectively, for
cervical lesions. For example, in one patient with a prior
cervical exploration, an inferior thyroid vein was positive
at sPVS, but the vein drained both sides of neck. Conse-
quently, sPVS could regionalize the pathology to the cer-
vical region but not lateralize the pathology. Taken
together, sPVS should be undertaken by an interventional
radiologist experienced with endocrine venous sampling
and interpreted in collaboration with an endocrine surgeon
familiar with the patients’ prior operative anatomy.

Use of parathyroid scans and intraoperative PTH have
not changed cure rates and operative morbidity appreciably
in patients with R-PHPT or P-PHPT; integrating sPVS in
the pre-operative course can assist in careful patient
selection [4, 19]. However, should sPVS yield a negative
result, the present data argue against blind surgical explo-
ration. From the cohort of 30 patients, there were 8 such
patients who were advised not to undergo surgical explo-
ration due to negative or non-localizing PTH gradient at
sPVS and rather were managed medically. It is unclear why
these eight patients with biochemical evidence of PHPT
had a completely negative PTH gradient in either the cer-
vical or mediastinal region. Of the surgically treated 18
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patients in our study, four had negative non-invasive
imaging results but were indicated for surgery solely based
on sPVS, and all of them were successfully cured by the
surgery. Among the 14 patients with equivocal or discor-
dant noninvasive imaging, all but two patients were cured.
The sPVS findings agreed with the noninvasive imaging
findings in 7 of 14 patients, with both exams correctly
positive in 5 of 7, both falsely positive in 1 of 7 (FP) and
both falsely negative in 1 of 7 (FN). Among the 7 patients
in whom the sPVS findings disagreed with noninvasive
imaging findings, sPVS was correct in 4 of 7 while the
original noninvasive imaging was correct in 3 of 7 patients.
Taken together, sSPVS alone or as supplementary informa-
tion to the discordant or equivocal noninvasive imaging
findings may provide useful lateralization and/or region-
alization information to help guide surgical management.

Introduction of new diagnostic imaging modalities can
affect the use of older tests, particularly if the new tests are
less invasive. The use of sPVS at our institution has
decreased by half, from an average of 3.5 cases per year
(median 3, range 2-8) in the period of 2003-2008 to 1.7
cases per year (median 1.5, range 0—4) from 2009 to 2014.
One explanation for the reduced use of sPVS was the
introduction of 4D-CT at our institution in 2008. 4D-CT is
a multiphasic, cross-sectional imaging study that captures
the rapid uptake and washout of contrast from parathyroid
adenomas. 4D-CT has emerged as a sensitive noninvasive
imaging modality for preoperative localization of
parathyroid pathology, both in the initial and re-operative
setting with a sensitivity >88 % [20-22]. However, there
is an increase in total radiation dose (10.4 mSv) with 4D
CT and it is not widely available [8]. According to a recent
study on 28 patients with P-PHPT and R-PHPT and neg-
ative sestamibi and ultrasound examinations, the sensitivity
with the use of 4D-CT by itself was 50 %, and it was
increased to 95 % with the additional use of sPVS on the
same cohort [23]. As such, 4D-CT may be considered prior
to sPVS given that it is sensitive, noninvasive, and less
operator dependent than sPVS.

Fine needle aspiration (FNA) with PTH washout is
another localization consideration when a suspicious lesion
is present on ultrasound. Bancos et al. showed that FNA
with PTH washout had a sensitivity of 84 %, specificity of
100 %, positive predictive value of 100 %, and accuracy of
84 % [24]. However, while the PTH washout levels may be
useful in distinguishing parathyroid tissue from thyroid,
lymphatic or other soft tissue, this requires visualization of
a lesion on ultrasound which may be more challenging in
the re-operative setting. Additionally, there is a small risk
of inflammation, abscess or hematoma that may impact the
option of minimally invasive parathyroidectomy [24]. In
the present series, four patients had US-guided FNA with
PTH washout with an overall accuracy of 25 %. Last, 11C-
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methionine positron emission tomography/computed
tomography (Met-PET/CT) has shown to be a sensitive test
(=86 %) for preoperative localization of single-gland
parathyroid adenomas and may be considered as an addi-
tional noninvasive localization test prior to sPVS,
depending on institutional availability [25-27]. Taken
together, sPVS may be an important adjunct to 4D-CT, US-
guided FNA with PTH washout and/or Met-PET/CT when
the results are negative or equivocal.

The current study has multiple strengths, including its
focus on a specific cohort of P-PHPT or R-PHPT patients
who underwent sPVS during their pre-operative diagnostic
workup, the availability of detailed medical and surgical
history, including demographics, presenting symptoms/
signs, imaging data, operative characteristics, and follow-
up. This study is limited by the cohort primarily consisting
of a referral population, retrospective study design, and
variable histopathological diagnoses. Regardless of the
heterogeneous etiology, the patients worked up with sPVS
demonstrated a high rate of operative success despite the
challenges in management of their P-PHPT and R-PHPT
including previous operation(s).

The present study assessed the diagnostic workup,
operative characteristics, and outcome of 30 patients
undergoing selective venous parathyroid sampling for
persistent or recurrent hyperparathyroidism. These data
support the hypothesis that for patients with negative,
equivocal, or discordant noninvasive imaging studies,
sPVS can serve as a sensitive test for localizing the source
of PHPT when a positive PTH gradient is present. This
invasive yet sensitive modality effectively helped deter-
mine surgical candidacy and helped to guide surgical
exploration. Given that sPVS is an invasive test, the deci-
sion to undertake sPVS should only be undertaken after
biochemical confirmation of PHPT and review of available
diagnostic quality noninvasive imaging studies by a mul-
tidisciplinary team with expertise with endocrinology,
endocrine surgery and endocrine venous sampling.
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