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Abstract. Purpose: The purpose of'this study was to assess
whether pre-operative  °*™Tc-methoxyisobutylisonitrile
(MIBI) scintigraphy and neck ultrasound (US) are of
value in improving the outcome of subtotal parathyroidec-
tomy in patients with secondary hyperparathyroidism.
Methods. Forty-eight consecutive haemodialysis patients
with severe secondary hyperparathyroidism prospectively
underwent “blinded” subtotal parathyroid surgery, with 1-
year follow-up to establish cure or relapse of their sec-
ondary hyperparathyroidism. Double-phase **™Tc-MIBI
scintigraphy and neck US were performed pre-operatively
in all patients. When the preserved gland showed **™Tc-
MIBI uptake or an abnormal size on US, it was considered
that “**™Tc-MIBI advice” and “US advice”, respectively,
had not been followed. Pre-operative and follow-up para-
thyroid hormone (PTH) levels were obtained in all patients.
All data were evaluated on a patient by patient basis.
Results: Four parathyroid glands were identified in each
patient at primary surgery, resulting in an operative success
rate of 100%. Their weight ranged from 15 to 7,300 mg
(mean 1,120£900 mg). Nine of the 48 patients (19%)
showed a recurrence of their secondary hyperparathyroid-
ism. The recurrence rate was 2% (1/48) and 10% (5/48),
respectively, when **™Tc-MIBI and US advice was fol-
lowed. The sensitivity, specificity, NPV and PPV for pre-
operative imaging were 72%, 95%, 97% and 80%
respectively for PMTe-MIBI, and 55%, 67%, 87% and
28% for US.

Conclusion: **™Tc-MIBI scintigraphy is a reliable non-
invasive exploratory tool and its preoperative use results in
a significant reduction in the number of recurrences in
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haemodialysis patients with secondary hyperparathyroid-
ism who are candidates for subtotal parathyroidectomy. The
use of neck US did not significantly improve the results
obtained with **™Tc-MIBI alone.
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Introduction

Secondary hyperparathyroidism (SHP) is a frequent com-
plication in patients with chronic renal failure. Despite
treatment with active vitamin D metabolites and phosphate
binders, it is sometimes difficult to control SHP and, un-
fortunately, the more dialysis is used, the more likely it is
that a patient will not respond to medical treatment and will
require a parathyroidectomy [1].

High-resolution sonography (US) is a significant imag-
ing tool in the evaluation of the parathyroid glands. US is a
technique that depends on operator skill, which explains
the wide variability in the reported sensitivity (ranging
from 30-80%) for the detection of abnormal parathyroid
glands [2-8]. The potential of **™Tc-methoxyisobutyliso-
nitrile (MIBI) to identify the presence of hyperfunctioning
autonomous parathyroid glands is well known. Compari-
son of morphological and functional data strongly suggests
that **™Tc-MIBI not only reveals parathyroid enlargement
but can also identify the presence of hyperfunctioning
parathyroid tissue [9, 10]. Imaging of the parathyroid
glands using **™Tc-MIBI and neck US has been widely
used in the identification of solitary parathyroid adenomas,
which is the most common finding in patients with primary
hyperparathyroidism [8, 11].
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Some groups have indicated that **™Tc-MIBI imaging
should also be used initially to localise abnormal glands in
haemodialysis patients with SHP, prior to US, magnetic re-
sonance imaging and computed tomography [12, 13]. How-
ever, use of imaging procedures in SHP patients, in whom
multiglandular hyperplastic disease is the most common
finding, is controversial. Some authors are against pre-
operative parathyroid scintigraphy on the grounds that its
low sensitivity means that it is of no additional value [14]. In
fact, they think that SHP patients who have not had previous
neck surgery do not require pre-operative localisation be-
cause of the high success rate of cervical exploration and the
limited sensitivity and specificity of all imaging modalities
currently in use [15—17]. However, it should be recognised
that the rate of persistent or recurrent disease in this setting is
as high as 10-30%, the main cause being incomplete local-
isation of glands; this suggests that more caution is warrant-
ed when ruling out a role for pre-operative imaging [18, 19].
This is especially evident in re-operated patients and in those
with unsuspected ectopic glands, in whom **™Tc-MIBI is of
significant value.

The aim of this study was to assess whether pre-
operative **™Tc-methoxyisobutylisonitrile (MIBI) scintig-
raphy and neck ultrasound (US) are of value in improving
the outcome of subtotal parathyroidectomy in patients with
secondary hyperparathyroidism.

Materials and methods
Patients

Forty-eight (n=48) consecutive haemodialysis patients (24 males, 24
females) with a mean age of 49.8+14.2 years (range 24—74 years) and
severe SHP [defined as symptoms of renal osteodystrophy in addition
to a parathyroid hormone (PTH) value of >600 pg/ml] were
prospectively included for parathyroid surgery. They were selected
on the basis of two separate PTH determinations above 600 pg/ml at a
minimum interval of 30 days. Additional inclusion criteria were
serum calcium above 10.5 mg/dl (2.625 mmol/l) and serum phos-
phorus above 5.5 mg/dl (1.77 mmol/l), pruritus not responding to
medical therapy, calciphylaxis and/or unexplained symptomatic
myopathy. Follow-up was for at least 1 year after surgery. Pre- and
postoperative as well as follow-up PTH levels were obtained in all
patients. All data were evaluated on a patient by patient basis. Relapse
was defined as reappearance of PTH-dependent hypercalcaemia.
The study project was approved by the local hospital ethical
committee and informed consent was obtained from each patient.

Double-phase MIBI scintigraphy

All patients underwent **™Tc-MIBI scintigraphy pre-operatively less
than 1 month prior to surgery. Patients were injected intravenously
with 740 MBq of **™Tc-MIBI. The labelling efficiency had pre-
viously been assessed by thin-layer chromatography. Radiochemical
purity was always >95%. Anterior views of the neck and the upper
thorax at a fixed interval of 300 s/frame and a matrix size of 256x256
were obtained with the patient in the supine position. Images were
obtained at 15 min (initial or thyroid phase) and 2 h (delayed or
parathyroid phase) after radiotracer administration. A digital gamma
camera (GE Medical Systems, SP4-HR) with a low-energy, high-

resolution, parallel-hole collimator was used. All patients with
positive findings on **™Tc-MIBI scintigraphy underwent a thyroid
scan to rule out the presence of thyroid nodules.

Focal areas of increased uptake showing either a relative prog-
ressive increase in uptake over time or a fixed uptake which persisted
on delayed imaging were considered to be pathological (Fig. 1). To
evaluate the possible effect of **™Tc-MIBI wash-out, additional focal
sites of uptake visualised only in the early phase were also interpreted
as pathological parathyroid glands.

Neck ultrasound

Parathyroid US was performed in all patients. The ultrasonographic
study of the neck was performed with a Toshiba Powervision or
Toshiba Applio colour Doppler (Toshiba, Nasu, Japan) using a
multifrequency linear transducer (7-11 MHz). The US was carried
out with the patient in the supine position and with the neck in
hyperextension (when necessary a cushion was placed under the
patient’s shoulders). In the US grey-scale study, longitudinal and
axial US sections were obtained from the angle of the mandible to the
sternal notch, and laterally to include the carotid and jugular vessels.
The patient was also explored with the head turned to the
contralateral side in order to better visualise the deep cervical planes.
Normal parathyroid glands are not visualised with the currently
available equipment. When pathological glands were observed, the
echostructure (homogeneous vs heterogeneous echogenicity, calci-

Fig. 1 a In the initial (leff) and the delayed (right) phase of the
study, *™Tc-MIBI shows fixed uptake in the lower pole of the right
thyroid lobe and in both poles of the left thyroid lobe, attributable to
pathological parathyroid glands. b US of the neck shows two
nodular hypoechoic lesions, suggesting parathyroid adenoma/hy-
perplasia. They are situated below the lower pole (/eff) and in upper
pole (right) of the left thyroid lobe, and measure 3.9x3.3 mm and
3.4x3.3 mm, respectively
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fication) and size (longitudinal, antero-posterior and transverse
diameters) were evaluated. The colour Doppler vascularisation pat-
tern (polar distribution of the colour with no perinodular colour
distribution, diffuse intraparenchymal distribution, perinodular pat-
tern) was reported when detected in the colour Doppler study.

Surgery

Results of parathyroid scintigraphy and neck US regarding pre-
operative gland localisation (termed **™Tc-MIBI or US advice) were
not provided to the surgeon prior to the operation. Exploration for
abnormal parathyroid glands was performed with the patient under
general anaesthesia, using a transverse collar incision. The operative
technique included subtotal parathyroidectomy performed by an
experienced surgeon for all patients. The retro-thyroid approach was
used in all patients. Three and a half glands were totally removed,
leaving half of the gland with the most normal appearance or in the
anatomical position that would least complicate re-intervention in the
event of recurrence. The remnant gland left in place was marked with
a non-reabsorbable thread to facilitate any re-operative detection.
When the gland preserved by the surgeon showed *°™Tc-MIBI
uptake, it was considered that «99mTe MIBI advice” had not been

Fig. 2 PTH values pre-opera-
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followed. When the preserved gland showed an abnormal size on US,
it was considered that “US advice” had not been followed.

Histopathological findings

Three histopathological parameters were analysed for this study: the
confirmation of parathyroid tissue on frozen sections, hyperplasia on
definitive histopathology, and information regarding the weight of
the removed parathyroid glands. Only those parathyroid glands that
were removed intact were analysed, by weight, for a comparative
study with pre-operative **™Tc-MIBI results.

Statistical analysis

The Mann-Whitney U test was used to compare distributions
between the two groups. Correlation between parameters was cal-
culated using Pearson’s correlation coefficient. Sensitivity, specific-
ity, positive predictive value (PPV) and negative predictive value
(NPV) were evaluated by standard methods. A p value of <0.05 was
considered statistically significant.

tively (diagonally striped col- 12000 el
umn), 1 month postoperatively
(blank column) and 1 year 40000 885 Liad
postoperatively (stippled col- ' 7
umn) in patients in whom **™Tc- 777, /
MIBI advice (a) and US advice i // /
(b) was or was not followed by '
the surgeon = / /
E
S 6000 / /
e
N / |
o 4000 V i
/ 208 - /
200,0 / | { /
FOLLOWED NOT FOLLOWED
MIBI ADVICE
b
1200
i
1000 °I'°
' Z
00 % //
g ew / /
XL / /
-
o 400 /
/ 210 172 / 207 i
200 / . / ! !
Y, %
FOLLOWED NOT FOLLOWED
US ADVICE

European Journal of Nuclear Medicine and Molecular Imaging Vol. 33, No. 4, April 2006



470
Results

Four parathyroid glands were identified in each patient at
primary surgery, resulting in an operative success rate of
100%. The definitive histopathological findings identified
hyperplasia of all the removed parathyroid glands. Their
weight ranged from 15 to 7,300 mg (mean 1,120+900 mg).
Parathyroid US revealed at least one enlarged gland in
45/48 patients, the maximum gland diameter being
10.2 mm. *™Tc-MIBI showed uptake in at least one
gland in 43/48 patients. Nine of the 48 patients included in
the study (19%) showed a biochemical relapse during the
follow-up, and they were considered to have had a
recurrence of their SHP.

The recurrence rate with “blinded surgery” was 19%
(9/48), compared with 10% (5/48) when US advice was
followed. A recurrence rate of only 2% (1/48) was
observed when “°™Tc-MIBI advice was considered
(»<0.0005). Comparing the recurrence group with patients
without evidence of recurrence in the follow-up, PTH
values were similar pre-operatively (915+£232 pg/ml in
patients with recurrence vs 969477 pg/ml in those without
recurrence). One month later, PTH values remained
indistinguishable (209+63 pg/ml in the recurrence group
vs 169423 pg/ml in the non-recurrence group). However,
1 year after surgery, PTH values proved to be significantly
higher in the group with recurrence ((884+217 pg/ml, vs
119£17 pg/ml in the non-recurrence group; p<0.0005) . A
similar situation was observed if pre-operative *™Tc-MIBI
advice was taken into account: PTH values were similar in
the two groups pre-operatively and 1 month later. How-
ever, 1 year after surgery, PTH values were significantly
higher (p<0.0005) in those patients in whom **™Tc-MIBI
advice was not followed (Fig. 2a). By contrast, no
significant differences were found between patients in
whom US advice was followed and those in whom it was
not (Fig. 2b). The results in respect of biochemical
recurrence according to whether **™Tc-MIBI or US advice
was or was not followed are summarised in Table 1.

The overall sensitivity, specificity, NPV and PPV for pre-
operative imagin% advice were 72%, 95%, 97% and 80%,
respectively, for PmTe-MIBI, and 55%, 67%, 87% and 28%
for US. **™Tc-MIBI showed a significantly higher specific-
ity, PPV and NPV than US (p>0.0005), but there was no
significant difference in sensitivity. Differences in the echo-
structure and/or in the colour Doppler vascularisation pattern
did not yield significant additional value to the overall US
results. In four cases, the initial phase of **™Tc-MIBI scan-

Fig. 3 a”*™Tc-MIBI scintigraphy shows fixed uptake below the
thyroid gland in the initial (/eff) and the delayed (right) phase of the
study, suggesting an ectopic parathyroid gland in the upper
mediastinum. b Neck US was unremarkable. At surgery, three
parathyroid glands were identified in the cervical region and
removed, and these showed hyperplastic tissue. The patient had to
undergo re-operation to remove the ectopic tissue and has since
remained asymptomatic

ning was determinant in the detection of pathological para-
thyroid glands which washed out on the delayed images.
Interestingly, in eight of the nine confirmed recurrences, *™Tc-
MIBI advice was not followed. In two of these cases an

Table 1 Results in respect of

. . Recurrence No recurrence Total

biochemical relapse (recurrence

of SHP) according to whether 99m Te-MIBI Advice followed 1 37 38

99m Tc-MIBI and US pre-oper- Advice not followed 8 2 10

ative advice was or was not Total 9 39 48

followed Neck US Advice followed 5 26 31
Advice not followed 4 13 17
Total 9 39 48
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ectopic hyperplastic gland only suspected by **™Tc-MIBI
was found at re-operation (Fig. 3). There was only in one
case in which *°™Tc-MIBI advice was followed (i.e. a
normally functioning parathyroid gland on °°™Tc-MIBI
was left at surgery) and recurrence was detected. We found
two false positive cases in which **™Tc-MIBI advice was
not followed but there was no relapse of the SHP during
follow-up; one of these cases was a papillary thyroid cancer,
and the second, an infiltrated lymph node (also from a
differentiated thyroid cancer).

Discussion

Bilateral surgical exploration with identification of all
glands is required in SHP patients, since multiglandular
disease with hyperplasia of parathyroid glands occurs in
most cases. For this reason, some authors consider pre-
operative examinations to be superfluous, time consuming
or an avoidable expense [20]. Additionally, the sensitivity
of imaging procedures has been reported to be lower than
in primary hyperparathyroidism, where the pre-operative
use of combined neck US and parathyroid scintigraphy has
recently been proposed for minimally invasive explora-
tions [21]. On the other hand, the relatively small size of
some hyperplastic or adenomatous glands and the common
occurrence of unexpected ectopic and/or supernumerary
glands [11, 22-24] have led to a high rate of re-operation
due to missed glands located in the neck [13, 25]. This
raises the question of the need to perform pre-operative
imaging in order to increase the success rate of surgery in
SHP, especially in patients with end-stage renal failure
exhibiting hyperplastic parathyroid glands, in whom major
anaesthesia risks are frequent.

It remains unproven that having the pre-operative imag-
ing information available to the surgeon actually results in a
lower postoperative relapse rate. This would probably re-
quire a further study with a larger number of patients. Despite
this, our results show a significantly lower relapse rate when
using **™Tc-MIBI (2%) compared with “blinded surgery”
alone (19%). Its use might allow us at least to confirm or
discount the presence of ectopic or supernumerary glands,
which is crucial to the planning of the surgical procedure, and
to facilitate the accurate localisation of the glands, partic-
ularly during re-operations. Our results support this line of
thought. In fact, we found that PTH values had fallen simi-
larly 1 month after surgery (by 20% when MIBI advice was
followed vs 22% when MIBI advice was not followed).
Therefore, at 1 month following surgery it is probably too
early to detect SHP recurrence and PTH values do not carry
any significant prognostic value at that time. Nevertheless, 1
year later PTH levels were significantly lower in the group in
which **™Tc-MIBI advice was followed (reduction of 84%
v8 35%; p<0.0005). At this point in time, pre-operative *™Tc-
MIBI results clearly provide significant advantages regarding
SHP recurrence.

Some groups have performed parathyroid scintigraphy
using *’™Tec-tetrofosmin [26]; however, this radiotracer is
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only appropriate when using the subtraction technique owing
to lower wash-out at the level of the thyroid gland, and it
would not be suitable for the double-phase technique. **™Tc-
MIBI is now considered the radionuclide of reference for
parathyroid gland scanning [27-29]. This radiotracer has
shown itself to be highly accurate in reflecting PTH levels
without external influences [30], and has proved to be a
useful tool in clinical management, allowing the physician to
discriminate between patients who will and those who will
not respond to calcitriol treatment [31].

There are a number of variations in the methodology
for *™Tc-MIBI scintigraphy. Some groups suggest that
higher sensitivities are achieved using oblique views, pin-
hole and SPECT [15, 17, 32]. However, the usefulness of
these techniques in routine practice is still debatable be-
cause of the considerable extra time demands on the
gamma camera. In both primary and secondary hyper-
parathyroidism, the sensitivity of pre-operative parathy-
roid scintigraphy using planar images has proven similar
to that obtained using the above-mentioned methods, so
their advantages have yet to be proven [19]. A recent
trend in parathyroid scintigraphy is the use of subtraction
123[29mTc-MIBI, which may also increase the sensitivity
of double-phase 99mTe-MIBI; however, our results show
a sensitivity practically identical to that disclosed in a
previous publication using '**1/ **™Tc-sestamibi SPECT
[32], while our NPV is much higher. **™Tc-MIBI’s higher
specificity (p<0.0005) compared with surgery has not been
previously reported and explains why the relapse rate is
significantly higher in patients operated on without prior
99mTc-MIBI scintigraphy.

As has been described in other published series, the over-
expression of the multidrug-resistant protein or P-glyco-
protein may be the main cause of false negative **™Tc-MIBI
scans in the delayed phase (in our series, four cases with
histologically confirmed hyperplasia were not detected in
the delayed phase) [33]. Taking this into account, positive
findings in the early scan should be considered to represent
pathological parathyroid glands in order to improve the
overall sensitivity of double-phase **™Tc-MIBI [34]. False
positive results have been described, the most common
causes being multinodular goitres or thyroid nodules, which
can usually be well defined by performing a thyroid scan.
Another cause of cervical **™Tc-MIBI uptake can be the
tumoural avidity of the radiotracer [35]. The two false
positive results in the present study were due to thyroid
cancer in one patient and an infiltrated lymph node from
lymphoma in the second case. In accordance with other
published series [2—8], neck US showed poor results in SHP
patients; this was especially because of its low sensitivity,
which has been found to be as low as 30% in some series.
This low sensitivity is probably attributable to limitations
related to anatomical areas inaccessible to insonation and
the technique’s dependence on operator skill [2—8].

In conclusion, *™Tc-MIBI scintigraphy is a reliable
non-invasive exploratory tool and its preoperative use re-
sults in a significant reduction in the number of recurrences
in haemodialysis patients with secondary hyperparathy-
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roidism who are candidates for subtotal parathyroidectomy.
The use of neck US did not significantly improve the
results obtained with *™Tc-MIBI alone.
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