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Abstract

Purpose Adenoma is the main parathyroid disorder leading to
primary hyperparathyroidism (PHP). Minimally invasive
parathyroidectomy (MIP) is recognized as a valid procedure
for adenoma-related PHP. It requires precise preoperative lo-
calization combining Tc-99m-MIBI (methoxy-isobutyl-
isonitrile) scintigraphy and single-photon emission computed
tomography (SPECT) with x-ray computed tomography (CT)
and intraoperative confirmation of successful excision by change
in intact parathormone (iPTH) levels. The study aim was to
assess the surgery success in relation to these two parameters.
Methods All patients operated on for PHP from 2005 to mid-
2014 at our institution were retrospectively reviewed. MIP
was performed in case of precise preoperative adenoma local-
ization on scintigraphy, absence of past cervical surgery, and
absence of concomitant thyroid resection necessity. In these
patients, iPTH levels were monitored intraoperatively. Confir-
mation criteria for iPTH values were a return to normal level
or a decrease >50 % of basal iPTH level.

Results There were 197 PHP operations during the study pe-
riod: 118 MIP and 79 bilateral neck explorations (BNEs). The
MIP success rate was 95 % (112/118) with a preoperative
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MIBI scan+CT accurate in 94 % (111/118) of the patients
and with correct iPTH in 90 % (106/118) of the cases. Among
the 12 iPTH levels that did not meet the confirmation criteria,
10 returned to normal range by postoperative day 2. Treatment
failure appeared in three patients (one BNE, two MIPs).
Conclusions Tc-99m-MIBI dual-phase scintigraphy with
SPECT/CT is the key examination for functional and morpho-
logical parathyroid adenoma localization. If preoperative scin-
tigraphy is obvious and intraoperative assessment is clear, one
could possibly safely omit iPTH, as it may lead to unnecessary
BNE in primary PHP.
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Introduction

Primary hyperparathyroidism (PHP) is the main disorder of
the parathyroid glands [1, 2]. Adenoma represents the most
frequent cause of PHP (between 70 and 85 %) [3]. The
development of surgical techniques of parathyroid gland
excision over the last two decades has allowed performing
a focused surgery, thus avoiding systematic bilateral neck
exploration (BNE) and its concomitant morbidity, mainly
transient hypocalcemia and scar-related problems [4—6]. In
parallel, imaging technologies have also progressed. The
development of hybrid cameras (PET/CT, single-photon
emission computed tomography with x-ray computed to-
mography (SPECT/CT)) has improved the anatomical lo-
calization of functionally detected abnormalities. The ad-
junct of delayed SPECT acquisition during the Tc-99m-
MIBI (methoxy-isobutyl-isonitrile) dual-phase scintigraphy
has improved both the resolution and the sensitivity of
the study to detect and localize adenomas when compared
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to planar imaging [7, 8]. Hybrid cameras can precisely and
specifically localize the adenoma by avoiding false-positive
results of Tc-99m-MIBI SPECT [9-11].

The developments of minimally invasive surgery have in-
cluded the mini-cervicotomy (midline or just above the local-
ized adenoma) and the cervicoscopy. These minimally inva-
sive techniques have been demonstrated as valid and efficient
procedures [3, 12—16]. They presuppose a precise preopera-
tive localization of the adenoma and an intraoperative confir-
mation of an adequate resection. Preoperative imaging inves-
tigations with dual-phase Tc-99m-MIBI scintigraphy with
SPECT/CT and ultrasound (US) can give important anatomi-
cal details on an adenoma location. Intraoperative confirma-
tion of adenoma resection includes frozen section and intra-
operative changes of intact parathormone (iPTH) plasma
levels 10 and 15 min after resection [17, 18].

The aim of this study was to evaluate the impact and quality
of MIBI scans and the impact of iPTH levels on the success of
minimally invasive parathyroidectomy (MIP). MIP results
were also compared to a BNE group in order to have a control

group.

Material and methods

At our institution, dual-phase Tc-99m-MIBI scintigraphy with
pinhole acquisitions, SPECT, and thyroid scintigraphy are
routinely performed since the late 1990s. MIP was introduced
in 2005, and since 2008, we changed from SPECT to SPECT/
CT.

All consecutive patients operated on for PHP at our tertiary
referral center from January 2005 to June 2014 were retro-
spectively reviewed. All the operations were performed by
the same dedicated endocrine surgeon.

Data collection included the following: preoperative char-
acteristics (age, gender, serum calcium level, serum parathor-
mone level, body mass index, American Society of Anesthe-
siologists score, comorbidities), imaging results (US, Tc-99m-
MIBI scintigraphy), intraoperative findings (conversion rate,
adenoma size and weight, operating time), intraoperative
iPTH levels, and postoperative outcomes (serum calcium lev-
el, complications, length of hospital stay, and follow-up). US
and Tc-99m-MIBI SPECT+CT scintigraphy were performed
in all patients. US was primarily used not only to identify the
adenoma but also to detect any suspicious thyroid nodule that
could alter the imaging and surgical strategy. A preoperative
and postoperative otolaryngologic examination was per-
formed on every operated patient. Postoperative complica-
tions were rated according to the Dindo-Clavien classification
[19]. Hypocalcemia was defined as a serum calcium level
<2.15 mmol/l regardless of the symptoms. The definitive di-
agnosis was based on the histopathological results.
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Operations consisted of MIP or BNE. MIP included focused
mini-cervicotomy (between the sternocleidomastoid and the
infrahyoid muscles) and cervicoscopy according to Henry’s
technique [20]. Mini-cervicotomy was performed with a 2-cm
incision, whereas Henry’s technique comprised one 11-mm
trocar for the camera and two 3-mm working trocars. Criteria
to undertake MIP were as follows: preoperative detection of an
adenoma and precise localization of the adenoma with MIBI-
SPECT+CT. Criteria to undertake BNE were as follows: ab-
sence of definitive adenoma localization, previous cervical sur-
gery, or need of concomitant thyroid surgery.

Peripheral venous samplings for intraoperative iPTH levels
were performed just before neck mobilization and surgical
skin disinfection (T0), at 10 min (T10), and 15 min (T15) after
excision of the adenoma. Criteria for iPTH were based on the
Rome criteria [21]. Return to normal range or decrease of
more than 50 % at T10/T15 compared to initial TO values
was used as safety criteria. Testing was performed in the en-
docrinology unit laboratory with a 30-min mean delay for the
results.

Because of the high selection of the patients in the MIP
group (highly selective MIBI-SPECT-CT), some patients
who did not fulfill the Rome criteria were followed during
24 h with calcium and standard iPTH measures on postoper-
ative day 1.

In the MIP group, conversion was defined as the need of
undertaking a BNE with standard cervicotomy. Success rate of
MIP was defined as no need of conversion to BNE. Treatment
failure for MIP and BNE was defined as long-term (more than
6 months) persistence of hypercalcemia and high level of
parathyroid hormone after the operation (no resolution of
PHP postoperatively) [22].

Intraoperative levels of parathormone measured the 1-84
iPTH using a two-step sandwich solid-phase enzyme immu-
noassay (ARCHITECT® iPTH assay, Abbott Diagnostic Di-
vision, USA). The 1-84 iPTH half-life ranges between 4 and
5 min [23-28]. The iPTH is independent of the glomerular
filtration rate and represents the biologically active hormone
part [29]. Early postoperative iPTH and calcium levels were
measured during hospitalization. Laboratory follow-up tests
were not performed routinely but just if indicated.

Statistical analyses were performed using GraphPad
Prism® 5 for Mac OS X. A p value <0.05 was considered
statistically significant. Mann-Whitney U test or Fisher’s ex-
act test was used to compare the two groups according to the
distribution and variable types. Sensitivity, specificity, posi-
tive predictive value, and negative predictive value of Tc-
99m-MIBI scintigraphy for adenoma were also calculated.
Positive predictive value was defined as the number of true
positives divided by the number of true positives plus the
number of false positives. Negative predictive value was cal-
culated as the number of true negatives divided by the number
of true negatives plus the number of false negatives.
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Results

Patients’ characteristics, surgical results, and postoperative
data of both groups (MIP and BNE) are summarized in
Table 1. Sixty-eight patients had an adenoma in the BNE
group and 111 in the MIP group, while seven and five had
parathyroid hyperplasia, respectively. There was no difference
in terms of demographics between the two groups except for
the body mass index. All frozen section results corresponded
to final pathological reports. In the 179 MIBI scintigraphies
performed in both groups (MIP and BNE) for adenomas, 126
(104 in the MIP group and 22 in the BNE group) were positive
(correct localization) and 53 (7 and 46, respectively) were
negative. Between the negative and positive MIBI scintigra-
phies, there were no differences in terms of gland size, gland
weight, intraoperative iPTH levels, and calcium levels.
Between the two groups, operating time (including only
BNE without thyroid resection) was shorter for MIP
(»<0.01), length of hospital stay was 1 day shorter for MIP
(p<0.01), and median follow-up was longer for BNE
(»<0.01). There was no difference in the other postoperative
outcomes. Median (IQR) calcium levels on postoperative day
1 were 2.16 mmol/l (2.07-2.31) for the MIP group and

2.17 mmol/l (2.01-2.29) for the BNE group. Postoperatively,
iPTH levels were not routinely measured. There were four
patients with multiple endocrine neoplasia (MEN) 2A in the
BNE group.

Double adenoma was observed in two patients (one
with initial BNE and one with MIP necessitating a con-
version to BNE), whereas triple adenoma was present in
one BNE patient. Regarding the case of triple adenoma,
three glands were found to be adenomatous, and the
fourth one was judged microscopically normal by the
pathologist. No specific genetic mutations were found.
Carcinoma was found in one BNE patient. Normal para-
thyroid tissue was found in one BNE patient and one
MIP patient (Table 1).

Treatment failure, i.e., no resolution of PHP postoperative-
ly, occurred in three patients (two in the MIP group and one in
the initial BNE group). One patient with a mediastinal adeno-
ma in the thymus and a positive selective venous sampling
was successfully operated on by thoracoscopy, one patient had
a new imaging with MIBI-SPECT/CT and was subsequently
successfully reoperated on (right inferior adenoma), and one
patient is still being worked up after a negative
cervicomediastinal MRI (waiting for a selective venous

Table 1 Preoperative results,
intraoperative findings, and

postoperative data for bilateral

neck exploration (BNE) patients
and minimally invasive
parathyroidectomy (MIP) patients

BNE N=79 MIP N=118 p value

Age (years) 65 (25-88) 60 (20-89) 0.12
Body mass index (kg/m?) 27.7 (18.2-50.4) 24.2 (16.8-43.6) <0.01
ASA score I/II/IIT 2/65/12 8/93/17 0.41
Preoperative Ca’™" (N 2.15-2.55 mmol/l) 2.76 (2.30-4.30) 2.77 (2.35-4.06) 0.31
Preoperative iPTH (N 10-70 ng/l) 115 (9-2006) 126 (11-745) 0.71
MIBI scintigraphy performed 73 118 -
Reasons for BNE

1. No preoperative localization 32

2. Thyroid surgery needed 42

3. Past cervical surgery 5
Adenoma 68 111 0.08
Hyperplasia 7 5 0.23
Other pathology results® 4 2 0.22
Operating time (min) 96 (36-212)° 59 (20-200) <0.01
Gland size (cm) 1.8 (0.2-5) 1.6 (0.7-6) 0.86
Gland weight (mg) 699 (10-13,200) 900 (0.59-6,300) 0.15
Postoperative hypocalcemia 29 31 0.15
Transitory/permanent laryngeal nerve palsy 72 3/1 0.09
Treatment failure 1 2 0.81
Length of hospital stay (days) 2 (1-28) 1 (1-20) <0.01
Length of follow-up (months) 66.8 (6.3-121.2) 39.6 (6.2-118.1) <0.01

Number of cases and medians with range

#Double adenoma (2), triple adenoma (1), carcinoma (1), or normal tissue (2)
® Only BNEs without concomitant thyroid resection were taken into account (1 = 37)
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sampling). The median follow-up was 66.8 months for BNE
and 39.6 months for MIP.

The sensitivity of Tc-99m-MIBI scintigraphy for adenomas
(179 adenomas in the BNE and MIP groups) was in our co-
hort: 126/(126+53)=70 %. The number of true positives was
126 (adenomas in both groups with correct preoperative im-
aging), and the number of false negatives was 53 (adenomas
in both groups with incorrect preoperative imaging). The
specificity was 44 % (8/(8+10)), where 8 represents the num-
ber of true negatives (i.e., the number of non-adenoma resec-
tions with negative preoperative imaging) and 10 the number
of false positives (i.e., the number of non-adenoma resections
with positive imaging for adenoma). The positive predictive
value was 93 % (126/(126+10)) and the negative predictive
value 16 % (8/(8+53)).

Table 2 shows the imaging results and outcomes of MIP
(divided into cervicoscopy and mini-cervicotomy). Thirty-one
patients underwent cervicoscopy and 87 mini-cervicotomy.
One treatment failure occurred after cerviscopy and one after
mini-cervicotomy. There was no difference in terms of age,
body mass index, American Society of Anesthesiologists
score, preoperative calcium and iPTH levels, operating time,
pathology results, length of stay, conversion rate, and compli-
cation rate between the cervicoscopy and mini-cervicotomy

patients. Seventy-cight of 118 (66 %) patients had a correct
preoperative US localization and could have been selected for
MIP only based on US. In the MIP group, Tc-99m-MIBI
scintigraphy+CT correctly localized the adenoma in 94 % of
the cases (111/118). Six patients had a conversion to BNE.
Intraoperative iPTH levels fulfilled Rome criteria (return to
normal range at T15 or decay of more than 50 % at T15) in
90 % of the cases (106/118). In the MIP group, median oper-
ating time was shorter for the 96 patients who had a preoper-
ative SPECT/CT (54 min, range 20—200 min) compared to the
22 patients who only had a SPECT (74.5 min, range 43—
172 min, p=0.0005). If one compares the median operating
time of'the five first years of the study period (2005 to 2009) to
the five last years (2010 to 2014), a statistically significant
difference is found (72 vs. 53 min, p=0.001). The MIP learn-
ing curve is represented in Fig. 1.

The reasons for the six conversions to BNE were as fol-
lows: absence of finding of the lesion intraoperatively (3),
double adenoma (1), necessity of thyroid resection due to
strong adhesion of the parathyroid adenoma (1, right thyroid
lobectomy), and suspicion of multiglandular disease (1). In the
six converted patients, MIBI imaging was inaccurate in three
cases. BNE leads to correct resection in four patients and to
treatment failure in the two other patients.

Table 2 Imaging results and
outcomes of the minimally
invasive parathyroidectomy
(MIP) patient group

MIP N=118

Cervicoscopy® N=31 Mini-cervicotomy N=87

Preoperative US
True positives US localization

Preoperative MIBI-SPECT only (without CT)

Preoperative MIBI-SPECT/CT

True positives MIBI-SPECT localization
True positives MIBI-SPECT/CT localization
Conversion to bilateral neck exploration (BNE)

Intraoperative iPTH®
1. Decay (10—15 min) >50 %
2. Return to normal range
3. Satisfying criteria 1 or 2
4. Not satisfying criteria 1 or 2

5. Among 4 return to normal range on days 1-2

Postoperative hypocalcemia
Complications (Dindo-Clavien)
No
Minor (I-1D)°
Major (I1I-V)

31 (100 %) 87 (100 %)

21 (68 %) 57 (66 %)
0(0 %) 2225 %)
31 (100 %) 65 (75 %)
0(0 %) 20 (91 %)
29 (94 %) 62 (95 %)
13 %) 5(6 %)
26 (84 %) 77 (89 %)
25 (81 %) 74 (85 %)
28 (90 %) 78 (90 %)
3(10 %) 9 (10 %)
2(6 %) 8(9 %)

6 (19 %) 25 (29 %)
27 (87 %) 76 (87 %)
4(13 %) 11 (13 %)
0(0 %) 0 (0 %)

# According to Henry’s technique

" Number of patients fulfilling each item. 3 and 4 give the total number of patients

¢ Laryngeal nerve palsy and others. Hypocalcemia was not considered as a complication
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permanent palsy. This is in the range of what is usually found
in the literature after MIP [15, 20]. Of note, these figures were
found due to a strict policy of preoperative and postoperative
otolaryngologic controls performed in every patient.

In the MIP group, MIBI-SPECT=CT localization of the
adenoma was correct and accurate in 94 % of the patients.
According to our data, MIBI-SPECT=CT sensitivity for ade-
noma was 70 % which is similar to other study findings [9-11,
13]. It is important to mention that the adenoma prevalence
does not influence the sensitivity but has an impact on the
predictive values. This should be kept in mind when
interpreting the results of a diagnostic test. Based on our results
MIBI scintigraphy represents an accurate preoperative imaging
to localize a parathyroid adenoma. It is therefore an essential
tool for a successful minimally invasive surgery. In this setting
and according to our results, it is important to combine MIBI
scintigraphy with CT (SPECT/CT) in order to have a 3D ana-
tomical view specifying the adenoma localization and its rela-
tion to the adjacent organs. This advantage of SPECT/CT over
SPECT resulted in a shorter operating time (decrease of the
median operating time of 20.5 min, p=0.0005). A MIBI-
SPECT with only antero-posterior views can sometimes be
misleading without CT (Fig. 2). In our group, SPECT alone
was able to precisely locate the adenoma in 20 out of 22 pa-
tients. This highlights that the number of true positive adenoma
detection mainly depends on the MIBI captation.

The plasma levels of iPTH regained normal values or de-
creased more than 50 % at T10/15 in 90 % of the cases. These

Fig. 2 Two cases of MIBI-
SPECT showing a left lower
parathyroid adenoma (left side
imaging pictures). When coupled
with a CT-scan (SPECT/CT on
the right side), the upper lesion
still appears to be in the left lower
parathyroid gland while the other Vi
lies in the mediastinum on the
aorta. This illustrates the
importance to couple MIBI-
SPECT with a CT scan for precise
preoperative localization of an
adenoma
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measurements are a good help in MIP to confirm the success-
ful excision of the adenoma. Despite the above-mentioned
guidelines and because we trust the highly sensitive SPECT/
CT, it was decided to stop surgery in 12 patients with unmet
criteria. Ten out of these 12 patients who did not satisfy Rome
criteria reached normal iPTH levels 1 or 2 days after surgery
and stayed like that during the follow-up. One hypothesis is
that in these ten patients, the ARCHITECT® method mea-
sured other forms of iPTH (e.g., 2-84, 3—-84) or “almost in-
tact” forms of PTH that have longer half-lives. Of note, the
crucial element that can alter the iPTH measures is
preanalytical. Enzymatic degradation of iPTH mainly depends
on conservation temperature and time between sampling and
analysis. Important hemolysis (>5 g/1), hypertriglyceridemia
(>50 g/), and hyperbilirubinemia (>200 mg/l) can also alter
iPTH measurements. No such factors were found in these 12
patients, and with a median follow-up of 36 months (range 6—
123), only two had a definitive treatment failure. By trusting
the preoperative localization and the intraoperative assess-
ment, unnecessary BNE was avoided in 10 out of 12 patients.
The iPTH measurement is mainly performed to detect the
presence of rarely encountered double adenoma or
multiglandular disease [34-36]. In the 197 PHP patients, we
observed only two cases of double adenoma, one case of triple
adenoma, and 12 cases of multiglandular disease.

Different criteria to assess the intraoperative iPTH changes
have been published (Rome, Vienna, Miami, Halle, etc.) [17,
21, 37-42]. None can perfectly exclude multiglandular disease
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or double adenoma, while safely confirm a single adenoma
[38]. If the criteria are more drastic, then the risk of performing
unnecessary BNE is higher. On the contrary, if the criteria are
satisfied too easily, certain adenomas can be missed [43]. The
complete abandon of intraoperative iPTH levels, suggested by
our results, was already proposed by Twigt et al. [44]. They
concluded that even though intraoperative iPTH level can be
helpful in some cases, it should not be routinely performed as
the iPTH levels would have potentially changed the outcomes
of only 1.7 % of their patients (2/119) [44].

US results for adenoma localization were correct in
66 % (78/118) of the MIP cases. US is not as precise as
MIBI-SPECT/CT and has limitations to localize lower
or posterior glands. However, it has a good sensitivity
to detect thyroid nodules and represents the technique of
choice for a first cervical workup [9, 45]. Simultaneous
thyroid disease with PHP is indeed not that uncommon.
The need of concomitant thyroid resection in case of
PHP was observed in 22 % (43/197) in our series and
is around 30 % in the literature [46, 47]. In case of
clear positive US precisely localizing an adenoma, a
risk-benefit evaluation of the need of MIBI-SPECT/CT
should be performed. MIBI-SPECT/CT indeed induces
radiation exposure and has an elevated cost.

In case of treatment failure, several options can be envis-
aged like selective venous sampling or novel imaging
(SPECT/CT, MRI). In our institution, we usually first repeat
the SPECT/CT. If it is not conclusive, an MRI or a selective
venous sampling is performed.

A limitation of this study was its retrospective design.
Some data were not available and not found in the patient
charts. Moreover, as mentioned in the methods, no routine
follow-up tests (iPTH and calcium levels) were performed if
there was no indication.

In conclusion, Tc-99m-MIBI dual-phase scintigraphy with
SPECT/CT accurately localizes a parathyroid adenoma
allowing to perform MIP with a high success rate. Usefulness
of intraoperative iPTH levels should be balanced by the fact
that BNE could be an unnecessary consequence of unmet
criteria. If the preoperative imaging is precise and the intraop-
erative finding is clear, unmet intraoperative iPTH criteria do
not induce an obligatory BNE. Based on our findings, a wait-
and-see policy with iPTH measure on postoperative day 1
could be a valid option.
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