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ABSTRACT

Background: Bone Mineral Density (BMD) improves after parathyroidectomy (PTX), but data on factors that
predict bone recovery are limited. No studies have evaluated if preoperative imaging findings are associated with
postoperative change in BMD. We hypothesized that larger, metabolically active glands would be associated with
greater increase in BMD after PTX.

Methods: Patients with primary hyperparathyroidism (PHPT) who underwent combined Tc-99m sestamibi and
4D-CT imaging prior to PTX and had pre- and post-operative dual-energy X-ray absorptiometry (DXA) at our
institution were considered for inclusion. Retrospectively, data were collected from imaging studies on each
parathyroid gland, including estimated weight (using the ellipsoid formula) and contrast enhancement on 4D-CT
as well as sestamibi avidity. Total estimated parathyroid weight was calculated. The main outcome measure was
the percent change in BMD at the lumbar spine (LS) from pre- to post-operative DXA. Predictors of change in
BMD at the LS were assessed.

Results: Complete DXA data was available in 25 patients. Median total parathyroid weight on 4D-CT was 270 mg,
and mean change in BMD at the LS was 2.4 + 4.3%. The increase in BMD was best predicted by higher pre-
operative serum calcium (p = 0.01), greater estimated parathyroid weight (p = 0.001), sestamibi avidity (p =
0.03), and increased time between DXA scans (p = 0.03) in the multivariable model (R2 = 0.79, p < 0.0001).
Conclusion: In PHPT, higher preoperative serum calcium, parathyroid gland weight on imaging, and sestamibi
avidity are associated with greater increases in BMD after curative PTX. These findings suggest that larger,
metabolically active adenomas may mobilize more calcium from bone.

1. Introduction

spine (LS), compared to the hip and the radius [2-5,7,9-11]. Few studies
have evaluated which patients are most likely to benefit from PTX in

The majority of patients with primary hyperparathyroidism (PHPT)
are asymptomatic, but subclinical skeletal disease including osteopo-
rosis and silent vertebral fractures is not uncommon. Parathyroidectomy
(PTX) is recommended in those with osteoporosis, a significant reduc-
tion in bone mineral density (BMD), or a vertebral fracture confirmed by
imaging [1].

Randomized and observational studies indicate that BMD improves
after PTX, but there is substantial inter-individual variability in the
skeletal response to surgery [2-12]. The literature has consistently
shown that the increase in BMD after surgery is greatest in the lumbar

terms of BMD gains after surgery. Some data suggest that BMD gains are
greatest in premenopausal women [8] and those with the typical
biochemical profile (i.e. hypercalcemia and elevated serum parathyroid
hormone (PTH) level) [3], as opposed to the normohormonal (hyper-
calcemia and inappropriately normal (inadequately suppressed) PTH) or
normocalcemic (normal serum calcium and elevated PTH) profile.
Elucidating additional factors that predict BMD recovery would
allow physicians to better counsel patients as they consider the risks and
benefits of PTX. To our knowledge, no studies to date have evaluated
whether there is a relationship between preoperative imaging findings,
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such as parathyroid gland size and Sestamibi uptake, and postoperative
change in BMD. We hypothesized that adenomas that were larger and
more metabolically active on preoperative imaging would be associated
with greater increases in BMD after PTX.

2. Materials and methods
2.1. Patients and patient data collection

This study was approved by the institutional review board of
Columbia University Irving Medical Center. Consecutive patients with
PHPT who had combined °°™Technetium sestamibi (MIBI) and para-
thyroid four-dimensional computed tomography (4D-CT) imaging prior
to PTX in the five-year span of August 2013—July 2018 were considered
for inclusion. Only patients with both pre- and postoperative DXA scans
at our institution were included in order to avoid variability in mea-
surements by different densitometer manufacturers and facilities. Pa-
tient data was retrospectively collected from the electronic medical
record.

2.2. Diagnosis of primary hyperparathyroidism

All patients with a biochemical diagnosis of PHPT including typical
(elevated calcium and PTH), normocalcemic (normal calcium and
elevated PTH), and normohormonal PHPT (elevated calcium and
normal PTH) were evaluated for possible inclusion in the study.
Biochemical data were measured in different clinical labs, all using an
intact PTH assay. Normal values were based on the individual labo-
ratory’s reference range.

2.3. Preoperative imaging

All patients underwent combined MIBI and 4D-CT in a one-stop
imaging protocol for surgical planning, as previously reported [13].
From each imaging report, data were collected on parathyroid glands.
Data collected on each gland included estimated weight, presence or
absence of Sestamibi tracer uptake, and degree of contrast enhancement
in Hounsfield units. Parathyroid gland weights were estimated from the
ellipsoid formula using 3-axis measurements from the 4D-CT images.
Hounsfield units (HU) were measured by drawing the largest possible
circular region of interest (ROI) within the gland, but avoiding the in-
clusion of nearby structures. Arterial and venous phase enhancement (in
HU) was calculated by subtracting the baseline non-contrast HU.
Contrast washout was also calculated by subtracting venous phase HU
from arterial phase HU. We correlated preoperative imaging findings to
the final surgical pathology for each patient. For patients with more than
one hypercellular gland on final pathology, weights were added to
determine the resected parathyroid weight, HU were averaged, and the
binary variable of sestamibi uptake was considered positive if any gland
had uptake of the tracer. The total parathyroid weight (of all glands
visualized on preoperative imaging) was also calculated.

2.4. Surgical procedures and criteria for cure

Patients diagnosed with PHPT underwent PTX if they were symp-
tomatic (history of nephrolithiasis or fracture) or asymptomatic but met
International Workshop Guidelines for the Management of Asymptom-
atic Primary Hyperparathyroidism [1]. The surgeon determined
whether to perform a focused PTX or 4-gland exploration based on
preoperative imaging and intraoperative findings. In every operation,
intraoperative PTH levels were collected and the operation was com-
plete when the Miami criterion was met (PTH decreased by 50% at 10
min post-excision from the highest value pre-excision) [14]. Patients
were deemed cured if they had normalization of serum calcium at 6
months postoperatively. Only cured patients were included in the
analysis.
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2.5. Bone densitometry

All patients underwent dual energy X-ray absorptiometry (DXA)
scanning at CUIMC within the Metabolic Bone Diseases Unit pre- and
postoperatively (median time from PTX to post-op DXA = 12 months).
Areal BMD was measured at the LS, total hip (TH), femoral neck (FN),
and the distal one-third radius using a QDR 4500 instrument (Hologic
Inc., Waltham, MA). T- and Z-scores were obtained using the manufac-
turer’s reference norms. In vivo precision at this facility is 1.28% at the
LS, 1.36% at the TH, and 0.70% for the one-third radius [15]. Bone
mineral density (BMD) was measured by an International Society for
Clinical Densitometry (ISCD)-certified technician.

2.6. Statistical analysis

Our primary endpoint was the percentage change from pre- to
postoperative BMD at the lumbar spine. We evaluated available vari-
ables that could be related to bone metabolism based on both pre-
existing literature and common clinical knowledge, including age,
race, ethnicity, gender, and preoperative biochemical markers (serum
calcium, PTH, etc.) as well as the preoperative imaging variables (esti-
mated total parathyroid weight visualized on 4D-CT, contrast
enhancement and contrast washout, sestamibi avidity).

Pearson’s Correlation and Kendall’'s Rank Correlation Coefficient
were used to evaluate univariate relationships among potential variables
as appropriate based on the distribution of the variable. Forward step-
wise selection was used to determine the model that accounted for the
greatest variability in the outcome measure (i.e. highest adjusted R-
squared value). A threshold of p < 0.25 was used to select candidates for
entry into the multivariable linear regression models [16]. Analyses
were conducted with R (R Core Team, 2014) and figures were produced
using the package ggplot2 (Wickham, 2009). A two-tailed p-value of
<0.05 was considered statistically significant.

3. Results
3.1. Patients

Between August 1, 2013 and July 30, 2018, 684 patients underwent
PTX for PHPT at our institution. Of these, 28 had a pre- and post-
operative DXA scan both performed at our center (Fig. 1). Patient
characteristics are shown in Table 1. Complete DXA data (for all skeletal
sites) was available in 25 patients. One patient did not have LS BMD
measured due to severe scoliosis, and two patients had only distal one-
third radius BMD measured at our institution because other sites had
been measured at another institution within the same year. All patients
had biochemical confirmation of cure (normalized serum calcium at
least 6 months after surgery).

3.2. Change in BMD and preoperative imaging findings

The change in BMD by DXA over time (pre- versus post-operatively)
is summarized in Table 2. An increase in BMD was observed in the
majority of patients at the LS, FN, and TH, and half of the patients had an
increase in BMD at the distal one-third radius. There was a significant
increase in the mean BMD at the LS, FN and TH, but not the 1/3 radius
(Table 2). There was no significant difference in the change in BMD
between males and females (p = 0.27) or between single- and multi-
gland disease patients (p = 0.79). Preoperative imaging findings are
summarized in Table 3.

3.3. Univariate analysis of potential predictors of change in BMD
Univariate relationships between potential independent variables

and the percent change in BMD at the LS, are depicted in Fig. 2. As
shown in Fig. 2, serum pre-operative calcium, arterial phase
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N=0684

Patients with PHPT undergoing PTX between August 2013 — July 2018

Excluded: Patients without preoperative

Sestamibi and 4D-CT
N =284

N =400

Patients with Sestamibi and 4D-CT imaging as part of surgical planning

Excluded: DXAs performed at outside
center

N=372

N=28

Patients with pre- and postoperative DXA performed at a single center

Fig. 1. Patient selection.

enhancement on 4D-CT, total estimated parathyroid weight on imaging,
and adenoma uptake of sestamibi were significantly associated with
change in BMD at the LS (all p < 0.05) post-PTX.

3.4. Multiple regression model to predict change in BMD

Table 4 indicates the step-wise multiple regression model assessing
potential predictors of change in BMD at the LS. In the final model,
preoperative serum calcium (p = 0.01), total parathyroid weight on
preoperative 4D-CT (p = 0.0001), presence of Sestamibi uptake (p =
0.03), and time between pre- and post-operative DXA (p = 0.03) were
significant independent predictors of the change in BMD at the LS. The
final model accounted for 79% of the variability in change in BMD at the
LS (adjusted R-squared = 0.79, p < 0.0001). The parameter estimates
indicate that each 1 mg/dL higher serum calcium pre-operatively was
associated with a 2.3% increase in BMD, each additional 100 mg of
parathyroid weight was associated with a 0.5% increase in BMD, ses-
tamibi avidity was associated with a 2.2% increase in BMD, and an
additional year between pre-and postoperative DXA was associated with
a 2.1% increase in BMD. The final model, however, did not predict BMD
change at the FN, TH, or distal 1/3 radius (Supp. Table 1). Neither
contrast enhancement on arterial phase nor contrast washout (from
arterial to venous phase) on 4D-CT were independent predictors of
change in BMD.

Because two patients had particularly large adenomas visible on
imaging (1540 mg and 2100 mg), we performed a sensitivity analysis,
excluding each of these outliers from the model shown in Table 4.
Removing either outlier from the sample did not change the relation-
ships in the model significantly; in particular, there was still a significant
positive correlation between estimated parathyroid weight and BMD
change. Additionally, when we ran our analysis excluding the 9 patients
with a history of bisphosphonate treatment, total estimated parathyroid
weight on 4D-CT (p = 0.001) and serum calcium (p = 0.02) were still
significant predictors of change in BMD. With the lower sample size,
sestamibi avidity and duration between DXA scans were no longer sta-
tistically significant predictors.

3.5. Relationship between imaging findings and biochemical data

Finally, we evaluated the relationship of total estimated parathyroid

weight on 4D-CT to biochemical indices of disease severity. Parathyroid
weight was positively correlated with baseline serum calcium (r = 0.34,
p = 0.013). The associations between weight and serum 25-hydroxyvita-
min D (r = 0.25, p = 0.055) and PTH (r = —0.26, p = 0.066) were of
borderline significance (Supp. Fig. 1).

4. Discussion

In this study, we show that total parathyroid weight estimated by
pre-operative 4D-CT and sestamibi avidity predict the increase in BMD
at the LS post-PTX in patients with primary hyperparathyroidism. Larger
adenomas and sestamibi uptake were associated with greater gains in
BMD after surgery. To our knowledge, we are the first to report a rela-
tionship between estimated parathyroid weight on preoperative 4D-CT
and bone recovery at the LS.

While the relationships between parathyroid weight and sestamibi
avidity with BMD change were both statistically significant, the pre-
dicted effect on BMD was relatively small (<1% to 2% respectively).
This is likely because the average increase in BMD at the LS over the
relatively short duration of 16 months pre- to post-PTX was also small
(2.4%). It is possible we would have found a larger effect with a study of
longer duration. Similar to prior studies, we found the greatest
improvement occurred at the LS rather than other skeletal sites,
consistent with the greater metabolic activity of cancellous versus
cortical bone [2-5,7,9-11]. Despite the relatively small predicted effect
on BMD, the results may be helpful to patients with PHPT making de-
cisions about surgery versus observation or in counseling patients pre-
operatively regarding their anticipated change in BMD after PTX. In
particular, patients without tangible symptoms to guide their decision
may be hesitant to proceed with an operation, despite randomized,
controlled trials demonstrating improvement in BMD, quality of life, and
psychological functioning [17-19].

In contrast to our study, Suzuki et al. reported a negative cross-
sectional association between the weight of resected parathyroid ade-
nomas at pathology and preoperative BMD. Their results indicate larger
adenomas were associated with lower pre-operative BMD [20]. These
results, however, are not necessarily inconsistent with our findings since
the prior study utilized preoperative BMD, rather than post-operative
change in BMD. Greater disease severity (as estimated by gland size)
would be expected to be associated with worse skeletal health pre-
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Table 1

Patient demographics and preoperative characteristics.”
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Table 3
Pre-operative imaging findings on SPECT/CT."

Variable

Whole cohort (n = 28)

Age (years)

Sex (% female)

BMI

Height (inches)

Weight (pounds)

Race
White
Black or African American
Asian
Unknown

Ethnicity
Hispanic or Latino
Non-Hispanic or Latino
Unknown

Biochemical
Preoperative serum calcium, mg/dL
Preoperative PTH, pg/mL
Preoperative 25-hydroxyvitamin D, ng/mL
Typical PHPT
Normocalcemic PHPT
Normohormonal PHPT
Multigland disease

Bone health

60.9 +12.4
82.1% (23)
23.1+3.9

64.2

137.8

75.0% (21)
14.3% (4)
7.1% (2)
3.6% (1)

17.9% (5)
75.0% (21)
7.1% (2)

10.6 + 0.6

101.4 + 64.6

30.1 £10.0 (n = 27)
60.7% (17)

25.0% (7)

14.3% (4)

35.7% (10)

Osteoporosis 67.9% (19)

Osteopenia 25% (7)

History of bisphosphonate use 32.1% (9)
Duration of therapy, years 5(1.25-14)

Time between stopping therapy and PTX, years” 3(0-7)
Prior fracture 35.7% (10)
Preoperative T-score
Lumbar spine
Femoral neck
Total hip
One-third radius

—1.8+ 1.0 (n=25)
-2.1+09(n=27)
-1.5+£1.0(n=27)
-1.7+ 157N =28)

Time from surgery to postoperative DXA, months 12 (10-13)
Time between pre-and postoperative DXA, months 16 (12-36)
Systemic steroid therapy (%) 7.1% (2)
History of estrogen replacement therapy (%) 28.6% (8)

Taking calcium supplement 25% (7)
Taking vitamin D supplement 67.9% (19)

@ Data is for the entire cohort (n = 28) unless otherwise specified due to
missing data. Data are reported as mean + SD (n), median (range) or percentage
(n).

b One patient started bisphosphonate therapy 15 months before PTX and
continued treatment between PTX and post-op DXA.

¢ 7 of 8 patients had discontinued estrogen therapy 5 years or more prior to the
initial DXA. One patient had been using an estrogen patch for 17 years prior to
surgery and continued to use it through the time of postoperative DXA and
beyond.

Table 2
Change in bone mineral density after parathyroidectomy.”
Lumbar Femoral Total hip Distal 1/3
spine neck radius
N =25 N =27 N =27 N =28
Preoperative BMD (g/ 0.851 + 0.622 + 0.762 + 0.615 +
cm?) 0.104 0.107 0.128 0.098
Postoperative BMD (g/ 0.868 + 0.635 + 0.777 £ 0.6130 =
sz) 0.114 0.110 0.129 0.099
Average change in 0.021 + 0.011 + 0.010 + —0.002 +
BMD (g/cmz) 0.037 0.029 0.022 0.016
p-Value 0.009 0.046 0.035 0.846
BMD increased after 76.0% (19) 63.0% (17) 63.0% 50% (14)
PTX an
Percentage change in 2.4% + 1.7% + 1.3% + —0.2% +
BMD 4.3% 4.5% 3.0% 2.8%

? Data are reported as mean + SD. BMD = bone mineral density, PTX =
parathyroidectomy. P-values are based on Wilcoxon Signed-Rank test evaluating
the difference between pre- and postoperative BMD (bold = p < 0.05).

Patients (n =
28)

Initial imaging report consistent with final surgical pathology
Estimated weight of pathology-confirmed adenoma(s) (mg)
Total estimated parathyroid weight (mg)

75.0% (21)
141 (95-302)
270 (130-340)

Arterial phase enhancement of pathology-confirmed adenoma(s)  +111 + 45
(Hu)

Venous phase enhancement of pathology-confirmed adenoma(s)  +68 + 24
(Hu)

Focal increase in sestamibi uptake seen 67.9% (19)

@ Data are reported as percentage (n), median (IQR), or mean =+ SD. One pa-
tient had an outlier estimated adenoma weight of 2100 mg, and one patient had
an estimated adenoma weight of 1540 mg. Total estimated parathyroid weight
= sum of all parathyroid mass visualized on 4D-CT, estimated by the ellipsoid
formula. Weight of Adenoma(s) refers to the single adenoma weight in single-
gland patients and the cumulative adenoma weights in multi-gland patients.
Hu = Hounsfield units.

operatively, but also the greatest gains in BMD after cure of the disorder.

To our knowledge, no other studies have assessed the relationship
between sestamibi tracer uptake and change in BMD after PTX.
Techtenium-99m-sestamibi is a radioactive tracer which is taken up by
cells with a high mitochondria concentration, such as normal myocar-
dium and hypercellular or adenomatous parathyroid glands that are
very metabolically active [21]. Previous literature has found positive
associations between sestamibi uptake and resected adenoma weight as
well as baseline serum calcium [21-23]. Additionally, sestamibi uptake
has been found to be negatively correlated with preoperative lumbar
spine T-scores, but postoperative change in BMD was not evaluated
[24].

A positive association between serum calcium level and improve-
ment in BMD post-PTX is consistent with our prior published work [3].
We previously found that an increase of 1 mg/dL in baseline serum
calcium was associated with a 1.0% increase in BMD at the LS one year
post-PTX [3]. In our current model, calcium was associated with an
increase in BMD at the LS of a similar magnitude. On the other hand,
neither baseline PTH nor 25-hydroxyvitamin D were significant pre-
dictors of improvement in BMD at the LS in either the current or prior
study [3].

The null relationship we observed between contrast attenuation on
4D-CT and change in BMD was not entirely unexpected as Hounsfield
units generally measure tissue density and not necessarily biologic ac-
tivity. However, given that we had 4D-CT data available for each patient
and this had never been explored, we felt that it was worth evaluating
any potential relationships.

We recognize that baseline serum calcium level and sestamibi avidity
may be the only predictor variables the clinician has access to, as 4D-CT
imaging may not be readily available. However, even after excluding
bisphosphonate-treated patients, calcium was significantly associated
with BMD change independent of the estimated parathyroid weight
taken from the 4D-CT images. Sestamibi avidity was not statistically
significant after excluding these 9 patients, but we suspect this is related
to the smaller sample size and that sestamibi avidity may be an inde-
pendent predictor of BMD change. Our results, if validated, could
therefore still be useful to a wide range of clinicians in both community
and academic settings.

Additionally, we found that time between pre- and postoperative
DXA was a significant independent predictor of change in BMD at the LS.
Although all patients had their postoperative DXA between 10 and 13
months after PTX, the time between pre- and postoperative scan ranged
from 12 to 36 months. Patients with greater time between scans had
greater opportunity for change in BMD after PTX. However, our findings
indicating an association of adenoma weight, sestamibi avidity and
serum calcium with post-operative changes in BMD at the spine were
independent of duration between DXA scans.
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Preoperative Serum Calcium
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Fig. 2. Univariable analysis: potential predictors of bone recovery at the lumbar spine [1].

Taken together, our findings may suggest that larger, more meta-
bolically active parathyroid adenomas tend to mobilize more calcium
from bone. Subsequently, such patients have greater potential for re-
covery of BMD after a curative PTX. While we cannot infer any causal
relationships from this study, we did find that total parathyroid weight
estimated on preoperative 4D-CT significantly correlated with baseline
serum calcium, which would support this theory.

Our study is not without limitations. First, we must acknowledge our
small sample size. Due to the incomparability of BMD across densi-
tometers and centers, we had to limit our sample to those patients who
had a DXA at our site. Larger studies will be useful to confirm our
findings. Additionally, the prevalence of multiglandular disease (35.7%)
is higher than that reported in patients with PHPT (~15-20%) [25]. We
suspect patients with multiglandular disease are more likely to be

referred to a tertiary center. Thus, our findings may not be generalizable
to all patients with PHPT, though we did not find a significant difference
in the change in BMD in patients with multi- vs. single-gland disease. We
were also not able to evaluate actual resected parathyroid weight
because specimen weights are generally recorded to one decimal point
in grams, thus there was very limited variability with most specimens
being around “0.2 g.” Data on alkaline phosphatase levels, a marker of
bone disease, were unavailable in this cohort and thus could not be
evaluated as a potential predictor variable. Finally, we were interested
in evaluating “duration of hyperparathyroidism” as a variable, but given
that most patients were referred from other centers and we did not have
their complete medical records, it was impossible to estimate when the
PHPT started with any accuracy.

Our study also has several strengths. First, we were the first ever
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Arterial Phase Enhancement on 4D-CT
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(present) 4.107% increase in BMD at the lumbar spine post-PTX. We believe that these
Time from pre- to 2.072% 0.223%- 0.0300 findings add important insight into factors that influence bone recovery
postoperative DXA 3.921% after PTX and may prove helpful when counseling patients regarding
(per 1-year potential benefits of PTX.
increase)

Bolded p-values <0.05.

# CI = confidence interval, BMD = bone mineral density, p = beta coefficient,
CT = computed tomography. Parathyroid gland weights were estimated using
the ellipsoid formula and added. In patients with multi-gland disease, Sestamibi
avidity refers to tracer uptake in any of the glands.

study to evaluate the ability of preoperative imaging variables to predict
postoperative DXA changes in PHPT. Our decision to limit our cohort to
patients who had both DXA scans performed with a single machine in-
creases the validity of our data, as significant discordance has been
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