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bstract

he incidence of primary hyperparathyroidismand referrals for the removal of parathyroid adenomas are increasing. Factors that improve the
etectability, and ultimately the surgical outcome, are the focus of this retrospective study. We included 117 patients who had parathyroid
perations with intraoperative monitoring of parathyroid hormone (PTH). Sestamibi, ultrasound and, in selected cases, fusion with computed
omograms (CT), were done to locate the lesion preoperatively. Concentrations of calcium and PTH before and after operation, specimen
eight, and preoperative vitamin D concentrations, were assessed. The sensitivity of sestamibi and ultrasound for the preoperative location
f adenomas was 92% and 80%, respectively. Sestamibi located them more accurately in patients with low preoperative concentrations of
itamin D (p = 0.037) and with heavier adenomas (p < 0.001). We found no significant association between the preoperative concentrations
f PTH and detectability on preoperative scans (p = 0.058). Postoperative follow up showed that 97% of the 117 patients were biochemically
ured. Accurate location helps to lower morbidity as it facilitates a targeted approach. Further studies are needed to explore the role of vitamin
 in the location of parathyroid adenomas before parathyroidectomy.
 2019 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

eywords: Parathyroidectomy; Primary hyperparathyroidism; Parathyroid adenectomy; Vitamin D; Parathyroid adenoma location; targeted surgery
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ntroduction

rimary hyperparathyroidism is an endocrine disorder in
hich autonomous overproduction of parathyroid hormone

PTH) results in derangement of the calcium metabolism. It

s diagnosed when a patient has hypercalcaemia with an inap-
ropriately normal or raised concentration of PTH. It is the
hird most common endocrine disorder after diabetes mel-
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itus and osteoporosis,1 and is reported more commonly in
omen than in men. It is often diagnosed in asymptomatic
atients on routine biochemical testing.2

Indications for surgical referral include a calcium con-
entration that is 0.25 mmol/L above the upper limit,
mpaired renal function with creatinine clearance of less than
0 ml/min (or eGFR of less than 60 ml/min), reduced bone
ineral density; and previous vertebral or low-impact frac-

ure. The long-term benefits of parathyroidectomy include
one protection and prevention of renal complications.3
Many patients with primary hyperparathyroidism, how-
ver, report non-specific musculoskeletal symptoms and
eurocognitive psychiatric impairment.4 Besides biochem-

blished by Elsevier Ltd. All rights reserved.
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cal cure by normalisation of calcium concentrations,
arathyroid surgery helps with a variety of non-specific
ymptoms which, in some cases were the main motivation for
eferral.4–7 Familial hypocalciuric hypercalcaemia (FHH),
hich is a rare autosomal dominant condition that can mimic
rimary hyperparathyroidism, must be differentiated from
rimary hyperparathyroidism, as there is no parathyroid ade-
oma. A calcium-creatinine clearance ratio (CCCR) of less
han 0.01 is indicative of the condition, but the results can be
nfluenced by a number of factors including renal function
nd age. Genetic testing for calcium-sensing receptor pro-
ein may be used for diagnosis of FHH. Many centres target
creening for FHH in patients with long-standing hypercal-
aemia, minimal symptoms, and when scans show no definite
denoma.

Vitamin D deficiency is common among patients with
rimary hyperparathyroidism and is associated with a more
dvanced biochemical and clinical presentation of the dis-
ase, so adequate replacement is recommended.8–13 The
mpact that this deficiency has on the incidence of prolonged
ypocalcaemia, despite normal postoperative concentrations
f parathyroid hormone, is not clear. Prolonged hypocal-
aemia is known as hungry bone syndrome. Some authors
uggest that patients deficient in vitamin D have an increased
isk of this postoperatively, but others have found no
ignificant association between deficiency and postopera-
ive hypocalcaemia.9 Although vitamin D sufficiency is
ot a prerequisite before parathyroid surgery, normal con-
entrations may prevent confusion about the aetiology
f persistently raised PTH concentrations after successful
arathyroidectomy.14

Bilateral neck exploration can identify adenomas or hyper-
lasia of the parathyroid gland, and enable their removal,
articularly when several glands are affected. Improved scans
nd intraoperative monitoring of PTH allow for a more
argeted, unilateral approach with similar long-term results
nd low morbidity.15,16 We have therefore retrospectively
ssessed the factors that influence the outcome of parathy-
oid surgery, and focused on the accuracy of preoperative
ocation.

aterial  and  methods

e retrospectively analysed data on patients who were treated
urgically between 2014 and 2017 for primary hyperparathy-
oidism by the same surgeon. Preoperative data (symptoms,
nd calcium and serum PTH concentrations) were assessed
ogether with the postoperative biochemical results and
reoperative vitamin D concentrations when available.17

reoperative location was compared with the actual intraop-
rative findings. We also assessed factors that may influence
ccurate visualisation of the adenoma on preoperative scans

scintigraphy and ultrasound). Ideally scintigraphy preceded
ltrasound to enable a more targeted ultrasound examination.
c 99 m sestamibi (MIBI) was used with early 15-minute and

O
d
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-hour delayed planar acquisitions, the latter supplemented
ith SPECT acquisitions. The scans were assessed by an

xperienced radionuclide radiologist.
Ultrasound scans with 12 and 7.5 MHz lineal array probes

ere assessed by an experienced clinical radiologist who was
 specialist in ultrasound of the head and neck. In cases of
oubt, computed tomographic images (CT) of the neck and
ediastinum were fused with the MIBI SPECT acquisitions.
Before the operation, the multidisciplinary team discussed

he preoperative scans and biochemical results. Patients with
nilateral tumours were operated on through access in the
eck with intraoperative monitoring of PTH.18 Those whose
umours were not clearly located had bilateral exploration of
he neck. We recorded the intraoperative PTH.18,19 Before
peration the baseline PTH was measured and a further sam-
le was taken 30 minutes after removal of the adenoma. A
ecline in PTH from baseline indicated correct removal.20

e also used frozen sections to confirm diagnosis of parathy-
oid tissue, and recorded the weight of the specimens. When
here was no drop in PTH, the neck was explored further
nd the tests repeated, particularly when several glands were
ffected. We recorded agreement between the locations found
n preoperative imaging and the actual findings. The preop-
rative results were considered as true positive (TP) when the
cans detected the adenoma in the same site as it was found
uring the operation. When found in a different site than the
cans suggested, it was considered a false positive (FP). An
denoma that had not been detected by the scans but was iden-
ified at operation was considered a false negative (FN), and
ases in which no adenoma was found preoperatively or intra-
peratively were considered true negatives (TN). Sensitivity
as calculated as TP/ (TP + FN), and positive predictive value

s TP/ (TP + FP). Specificity was calculated as TN/ (TN + FP)
nd negative predictive value as TN/ (TN + FN).

Patients were followed up after a minimum of two months
nd besides the clinical examination, which included flexible
asoendoscopy, we took blood for biochemical examination.

The statistical tests and graphic illustrations were done
ith the aid of Matlab (Mathworks) and Numbers (’09 ver-

ion 2.3 Apple Inc). The data were analysed by Pearson’s
orrelation coefficient and the Mann Whitney U test. The
orrelation coefficient (R2), 95% CI, area under the curve
AUC), and p values were calculated. Probabilities of less
han 0.05 were considered significant.

esults

n total, 117 patients were included in this retrospective study
median (range) age 66 (51- 80) years). Fifteen (13%) were
ale and 102 (87%) female. Most were symptomatic (n = 73,

2%), although 24 (20%) had no disease-specific symptoms.

nly 23 patients (20%) had osteoporosis confirmed by bone
ensitometry. Most (n = 102, 87%) cases were discussed by
he multidisciplinary team before operation.
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Fig. 1. Inverse linear relation between preoperative concentrations of vita-
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in D and parathyroid hormone (PTH) (R2 0.07, 95% CI - 0.70 to - 0.05,
 = 0.021).

reoperative  investigation  and  biochemical  examination

ost patients (73%) had a 24-hour urine collection that
howed increased calcium excretion. The eGFR was low
mean (range) 73 (27-117) ml/min), which indicated reduced
enal function (reference range at local laboratory more than
0 ml/min). The mean (range) preoperative collected cal-
ium concentration was raised (2.82 (2.58- 3.73) mmol/L;
eference range at local laboratory 2.1-2.6 mmol/L). Con-
entrations of PTH were inappropriately raised at a mean
range) of 24 (7.2-179) pmol/L (reference at local laboratory
.6 - 7.2 pmol/L). The preoperative vitamin D concentrations
ere measured in 79 (67%) of the patients (mean (range) pre-
perative concentration 53 (32-79) nmol/L; reference range
t local laboratory 75-200 nmol/L). An inverse linear relation
as found between concentrations of preoperative vitamin D

nd PTH, so concentrations of PTH were higher in patients
eficient in vitamin D (R2 0.07, p = 0.02, 95% CI - 0.70 to -
.05) (Fig. 1).

A total of 16 patients (14%) were given a calcium-mimetic
gent such as cinacalcet to control the concentration of cal-
ium preoperatively, and it was discontinued in all cases
ostoperatively.

ccuracy  of  location

ll patients had sestamibi and ultrasound scans preopera-
ively. A total of 29 (25%) required CT for further assessment.

Preoperative sestamibi gave results that were true positive
n 95 cases (81%) and false positive in 12 (10%). Sestamibi
ave a false negative result in eight (7%), and in two (2%)
he adenoma was not identified on MIBI or during operation
true negative). The sensitivity of the sestamibi scans was
alculated to be 92% with a positive predictive value of 88%.
he specificity was 14% with a negative predictive value of

0%.

In 84 cases (72%) the ultrasound findings were true pos-
tive and corresponded with the intraoperative findings. The

(
d
p

ig. 2. Improved detectability of heavier adenomas on sestamibi scans
AUC = 0.79, 95% CI: 0.67 to 0.90, p < 0.001).

ensitivity of ultrasound for the location of adenomas was
0% with a positive predictive value of 86%. The specificity
as 18% with a negative predictive value of 13%. Location
y ultrasound agreed with sestamibi findings in 65% of cases.

Adenomas were most often found in the right lower pole
f the thyroid (n = 48, 42%), followed by the left lower pole
n = 40, 35%), left upper pole (n = 21, 18%), and right upper
ole (n = 6, 5%).

There was no significant association between preoperative
oncentrations of PTH and detectability on preoperative ses-
amibi scans (AUC = 0.62, 95% CI: 0.50 to 0.74, p = 0.05).
he accuracy of location on sestamibi was higher in patients
ith heavier specimens (AUC = 0.79, 95% CI: 0.67 to 0.90,

 < 0.001) (Fig. 2). The mean (range) weight of the adenomas
as 0.85 g (0.004 - 9.78 g). There was a significant linear

ssociation between weight and preoperative concentration
f PTH (R2 0.40, 95% CI 9.0 to 14.30, p < 0.001) (Fig. 3),
ut weight was not significantly associated with preoperative
oncentration of vitamin D (R2 0, p = 0.6). We found a weak
ssociation between preoperative vitamin D and detectability
f adenoma on sestamibi scan (AUC = 0.68, 95% CI: 0.53 to
.83, p = 0.038). Location on sestamibi was more accurate in
atients with lower preoperative concentrations of vitamin D
Fig. 4).

Heavier adenomas were often located accurately on ultra-
ound sonography (AUC = 0.66, 95% CI: 0.54 to 0.77,

 = 0.011) (Fig. 5). Vitamin D concentrations were not sig-
ificantly associated with detectability on ultrasound scans

AUC 0.53, 95% CI: 0.36 to 0.70, p = 0.72). Multigland
isease was identified intraoperatively in only three (3%)
atients whose PTH concentrations did not drop sufficiently
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Fig. 3. Significant linear association between weight of the adenoma and preoperative and postoperative parathyroid hormone (PTH) concentrations (blue: R2

0.40, 95% CI 9.0 to 14.3, p < 0.001; red: R2 0.36, 95% CI 3.0 to 5.0, p < 0.001).

Fig. 4. Association between preoperative concentrations of vitamin D and
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Fig. 5. Improved detectability of heavier adenomas on ultrasound sonogra-
p

e
t
r
p

d
P
f
b

etectability of adenomas on sestamibi scans (AUC = 0.68, 95% CI: 0.53 to
.83, p = 0.038).

fter removal of the first adenoma, but did so after further
xploration of the neck and removal of a second adenoma.

ostoperative  biochemical  results

ostoperative follow up in surgical care was after a mean

range) of 65 (43–295) days. In most patients (n = 113, 97%)
he concentration of calcium had returned to normal (mean
SD) 2.42 (0.3) mmol/L).

w
r
e

hy (USS) (AUC = 0.66, 95% CI: 0.54 to 0.77, p = 0.011).

Generally, there was a reduction in PTH of 71% postop-
ratively. The higher the preoperative PTH and the heavier
he specimen, the more the PTH dropped 30 minutes after
emoval of the adenoma (R2 0.90, 95% CI 0.67 to 0.76,

 < 0.001) (Figs. 3 and 6).
In four patients (3%) the adenoma could not be found

uring the operation and the intraoperative concentration of
TH did not drop sufficiently. Two were rescanned with CT
usion and discussed again by the multidisciplinary team. In
oth, a single adenoma was found in a second operation, after
hich PTH declined sufficiently, and calcium concentrations
eturned to normal. In the third patient, PTH and calcium
ventually returned to normal, and in the fourth, who decided



334 F. Borumandi et al. / British Journal of Oral and M

Fig. 6. Association between preoperative concentrations of parathyroid hor-
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2016;82:839–45.
one (PTH) and the amount they drop 30 minutes after parathyroidectomy
R2 0.90, 95% CI 0.67 to 0.76, p < 0.001).

ot to have a further operation, concentrations of both PTH
nd calcium improved from baseline.

In a further three (3%) patients calcium remained high
fter the adenomas had been removed. In all three, histo-
ogical examination of frozen sections confirmed that the
pecimens were parathyroid tissue, but PTH concentrations
ropped by a mean (range) of only 21% (5% - 51%) after
emoval. Two patients were treated with calcium-mimetic
edication (cinacalcet) and the remaining patient was treated

lsewhere.
Hypercalcaemia therefore persisted in only four patients

3%) postoperatively.

iscussion

ultimodal location techniques and intraoperative monitor-
ng of PTH help to reduce morbidity, and maintain high rates
f cure in parathyroidectomy.19

Preoperative location allows for a unilateral approach
hen a single gland is affected, but when several are affected,
r when scans do not agree, bilateral exploration is required.21

he use of nerve monitors helps to reduce morbidity caused
y inadvertent injury to the recurrent laryngeal, and external
ranches of the superior laryngeal nerves. We used flexible
asoendoscopy to evaluate the vocal cords before and after
peration. Overall, we found a reduction in unilateral vocal
ord mobility in three patients (3%) who had temporary post-
perative hoarseness that improved with speech and language
herapy. This agrees with reported incidences of postopera-
ive neuropraxia of the recurrent laryngeal nerve.22 In our
tudy 97% of patients were biochemically cured, which is
imilar to that reported in other case series.23

Although reported by other authors, we did not find
 significant association between PTH concentration and

etectability on preoperative scans.19 Larger adenomas were
etected better on both ultrasound and sestamibi scans, but
he imaging methods that are currently used are not infalli-
axillofacial Surgery 57 (2019) 330–335

le, and more advanced techniques such as 4-dimensional CT
re being proposed for accurate location particularly when
everal glands are affected.24 Sestamibi scans had a positive
redictive value of 88%, but a low specificity (14%). The sen-
itivity of ultrasound for the detection of adenomas was 80%
ith a positive predictive value of 86%. The sensitivities and

pecificities observed in our study agree with those reported
lsewhere.25

We found a significant association between preoperative
oncentrations of vitamin D and the detectability of adeno-
as on sestamibi scans (AUC = 0.68, 95% CI: 0.53 to 0.83,

 = 0.038). We also found high concentrations of PTH in
atients with low preoperative concentrations of vitamin D
p = 0.02). To the best of our knowledge no previous study
as assessed the role of vitamin D in the preoperative loca-
ion of adenomas. Vitamin D replacement before operation
s controversial so our findings may have important clinical
mplications. Our study was, however, limited by the fact that
reoperative vitamin D concentrations were known in only
9 patients (67%). Further studies are needed to explore it’s
ole in preoperative localisation of adenomas in parathyroid
urgery.
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