
 

 

Introduction 
 
As the incidence of hyperparathyroidism (HPT), 
the third most common cause of endocrine dis-
ease, is increasing, it is no longer an uncommon 
problem [1]. More asymptomatic patients are 
being diagnosed due to yearly checkups and 
routine screening tests [2]. HPT is the leading 
cause of hypercalcemia, which is due to over-
production of parathyroid hormone (PTH) by 
parathyroid glands (PTGs) [3, 4].  
 
Over 80% of patients with pHPT have solitary 
adenoma and the remaining have multiple ade-
noma, hyperplasia, and rarely carcinoma [5]. 
The only definite treatment for HPT is surgical 
resection of adenoma or hyperplastic gland. The 
traditional procedure is bilateral neck explora-
tion and has a success rate of 95% if an experi-
enced hand does it. Recently, less invasive pro-
cedures like unilateral neck exploration, mini-

mally invasive parathyroidectomy (MIP), video 
assisted parathyroidectomy, etc has been devel-
oped and are gaining popularity among sur-
geons due to decreased operative time and de-
creased risk of injury to the adjacent tissue [6, 
7]. For this reason, preoperative localization is 
playing an important role to detect the precise 
location of the affected gland and to increase 
the success rate. As for sHPT, the standard pro-
tocol is subtotal or total parathyroidectomy fol-
lowed by auto-transplantation. Three and a half 
gland will be resected and half of the gland that 
is smaller in size and has low vascularity will be 
left in site [8]. Different modalities for preopera-
tive diagnosis of parathyroid lesions have been 
proposed and each has its own advantage and 
limitation. Ultrasonography (US) and scintigra-
phy (99mTc MIBI) along with computed tomo-
graphy (CT) and magnetic resonance imaging 
(MRI) are being used. US is preferable because 
of availability and being less invasive and cost-
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effectiveness [9, 10]. In the present study we 
aimed to get into challenge the utility of US and 
scintigraphy for pHPT and sHPT and also adding 
the CDUS combination wit US to improve accu-
racy of these modalities to direct a better surgi-
cal approach.  
 
Material and methods 
 
From June 2007 to June 2011, 56 consecutive 
patients (11men and 45women) with primary or 
secondary hyperparathyroidism in our center 
underwent Gray scale, color Doppler and 99m-
Tc MIBI scan prior to operative management of 
parathyroid lesions. 
 
We prospectively evaluated the imaging data of 
these patients and compared it with histopa-
thological results to determine the accuracy of 
these imaging modalities in the diagnosis of 
parathyroid lesion. Patients’ sex, age, history of 
chronic renal failure and serum intact Parathy-
roid hormone (iPTH) were collected from clinical 
data sheet. 
 
One experienced radiologist in head and neck 
imaging performed all of the sonographic exami-

nations. Sonographies were performed in Radi-
ology Department of Imam training Hospital with 
an ultrasound device, (Toshiba Nemio 30; To-
shiba CO. Ltd, Tokyo, Japan), by a high fre-
quency (11MHZ) linear array transducer. The 
patients were examined in hyperextend neck in 
supine position from the level of mandibular 
angle to sterna notch. 
 
In gray scale sonography, enlarged PTGs appear 
as oval or round shape homogenous hypo 
echoic nodules in posterior part of thyroid lobes 
that are clearly separated from thyroid lobes by 
an echogenic ring composed of capsules of ade-
noma and fatty tissue around the adenomas. 
We include this ultrasonographic feature as 
positive ultrasonographic result (Figure 1). 
 
The PTG’s size and Volume was measured and 
location of parathyroid adenoma was defined 
according to gray scale sonographic findings. 
Images were obtained in transverse and sagittal 
views. 
 
Gray scale sonography results were defined as 
true or false positive and negative according to 
surgical pathology results. 

Figure1. Ultrasound image shows typical hypoechoic adenoma (arrows) deep in relation to lower pole of thyroid in 
transverse sonogram. A. sagittal, B. transverse. 
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Color and power Doppler sonography was per-
formed by setting the Doppler parameter for 
evaluation of the vascularity of PTGs lesions. We 
know that parathyroid adenoma’s blood supply 
is derived from inferior thyroid artery. 
 
Color Doppler findings of each parathyroid le-
sion were defined as positive or negative on the 
basis of detection of the hypervascularity in PTG 
lesion in comparison with other adjacent struc-
ture subjectively (Figure 2). 
 
The thyroid scan in anterior-posterior view of the 
neck and upper part of thorax were acquired 20 
minutes after intravenous administration of 
99m-Tc pertechnetate (20mCi) with gamma 
camera for 5 minutes. 
 
The parathyroid scan was acquired 15 minutes 
(thyroid phase) and 120 minutes (parathyroid 
phase) after intravenous administration of 15-
20 mCi of 99mTc Sesta MIBI while the patients 
were in supine position. The images were ob-
tained with single head gamma camera (ADAK, 
Epic, Netherlands) over 10 minutes using a pin-
hole collimator. The Sestamibi scan was consid-
ered positive for parathyroid lesion when an 
increase in uptake was detected in thyroid 
phase. 
 
Technetium -99m-sestamibi SPECT was per-
formed 20-30 minutes after IV injection and 
reconstructed to produce 3 Dimensional projec-
tions. The SPECT was performed in full anterior 
(180 degree) view as 32 frames, each frame 30 
seconds. Focal increased uptake in parathyroid 

site in considered as positive. 
 
Statistical analysis was performed using SPSS 
statistical analysis software (SPSS Inc.). Con-
tinuous variables were reported as means ± SD 
and categorical variables as frequencies. Since 
the distribution of PTH and volume was not nor-
mal, the nonparametric spearman’s test was 
used for analyzing. One-way ANOVA, chi-square 
test and multivariate linear model was used for 
evaluation of variables.  
 
Results 
 
Parathyroidectomy was performed in 56 pa-
tients in our hospital. Thirty-six patients had 
pHPT and 20 patients had sHPT. The mean age 
of patients for pHPT and sHPT was 52.2 ± 12.6 
years respectively. Of 34 patients with PHPT, 29 
were female and 7 were male and of 20 pa-
tients with sHPT, 16 were female and 4 patients 
were male. Our study showed that both ade-
noma and hyperplasia were more commonly 
seen in women with female to male ratio of 4 to 
1. 
 
The mean volume of involved PTGs was 2.18 ± 
2.03 cc in patients with pHPT (ranging from 0.2-
7.5 cc) and 1.13 ± 1.14 cc in patients with 
sHPT (ranging from 0.1-4.4 cc). This difference 
was statistically significant (p=0.001). 
 
The mean serum iPTH level was 584 ± 510 
(ranging from 80-2000) in patients with pHPT 
and 908.3 ± 746.9 (ranging from 76-2472) in 
patients with sHPT. Patients with sHPT had 
higher serum iPTH level (P=0.039). 
 
Assuming that the standard surgical protocol in 
our department is bilateral neck dissection in 
sHPT and unilateral neck dissection in pHPT, 
total number of PTGs would be 72 for patients 
with pHPT and 80 for patients with sHPT. US 
revealed 34 Lesions in patients with pHPT and 
22 lesions in patients with sHPT. MIBI scan 
showed 26 Parathyroid lesion in patients with 
pHPT and 9 lesions in patients with sHPT. 
 
Histopathology revealed 36 solitary adenomas 
and 35 parathyroid hyperplasia in patients with 
pHPT and sHPT respectively; the remaining 36 
PTGs in patients with pHPT and 45 PTGs in pa-
tients with sHPT were normal. 
 
Histopathology revealed that three patients with 

Figure2. Color Doppler sonogram shows typical “spot 
of fire” pattern of hypervascularity of parathyroid 
adenoma in Power Doppler sonogram.  
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pHPT had intra-thyroidal parathyroid adenoma. 
All of them were identified by MIBI scan but US 
didn’t detect any of them because of concomi-
tant multinodular goiter. In one patient with 
pHPT, US confirmed parathyroid lesion was 
lymph node and in one patient with pHPT, the 
lesion was exophytic thyroid nodule mimicking 
parathyroid adenoma and two patients with 
sHPT, US confirmed parathyroid lesions were 
lymph nodes. 
 
Table 1 summarizes the results of MIBI, gray 
scale, and color Doppler US in diagnosis of 
parathyroid lesion in patients with pHPT and 
sHPT. 
 
The sensitivity, specificity and accuracy of US 
and MIBI scan for pHPT was 88%, 94%, 91% 
and 70%, 100% and 85% respectively. 
 
In patients with sHPT, the sensitivity, specificity 
and accuracy of US and MIBI scan was 54%, 
93%, 76% and 25%, 100% and 72.9% respec-
tively. The overall sensitivity of combined US 
and MIBI scan in pHPT and sHPT was 97% and 
45% respectively.  
 
Assuming that parathyroid adenoma or hyper-
plasia has a large feeding artery derived from 
inferior thyroidal artery or an arc of perfusion in 
color Doppler ultra sonography (CDUS), we de-
tected 35 from 36 adenoma in pHPT and 22 
hyperplasia from 35 involved glands in patients 
with sHPT. Therefore, the overall sensitivity, 
specificity and accuracy of CDUS in diagnosis of 
parathyroid lesions in pHPT and sHPT is 97%, 
100%, 98.6% and 62%, 100% and 83% respec-
tively . 
 
Our study showed that there is a significant 
positive correlation between serum intact PTH 
levels and positive MIBI scan (P=0.025) only in 

pHPT. The mean serum iPTH level in pHPT with 
positive MIBI scan was 666 ± 554 pg/ml and in 
patients with negative MIBI scan was 222 ± 
146 pg/ml. 
 
iPTH levels did not show significant differences 
between MIBI positive and negative patients 
with sHPT (p=0.45). The mean serum iPTH level 
in sHPT with positive MIBI scan was 1107 ± 
895 pg/ml and in patients with negative MIBI 
scan was 822 ± 693 pg/ml. 
 
Our study revealed that parathyroid lesions vol-
ume did not show a significant difference be-
tween MIBI positive and negative patients both 
in pHPT (P=0.3) and sHPT (P=0.9). 
 
The mean volume of adenoma in patients with 
pHPT for positive MIBI scan was 2.42 ± 2.09 cc 
and for negative MIBI was 1.6 ± 1.94 cc. The 
mean volume of hyperplastic glands in patients 
with sHPT and positive MIBI scan was 1 ± 0.33 
cc and in patients with negative MIBI was 1.47 
± 1.37 cc. 
 
We found that there is a positive correlation 
between volume and serum iPTH levels only in 
pHPT (r=0.35, P=0.035). There was no correla-
tion between volume of hyperplastic parathyroid 
lesions and serum iPTH levels in sHPT (r=0.49, 
P=0.7). 
 
Discussion 
 
Most of the healthy adults have four parathyroid 
glands, less than 5% have less than four glands 
and 3% healthy adults have more than four 
glands [11, 9]. The average dimension of para-
thyroid gland is 5 × 3 × 1 mm and average 
weight is 30-40 mg [11, 9]. 
 
The head and neck radiologists must be familiar 

Table 1. Comparative results of different imaging modalities in diagnosis of parathyroid adenoma 
 
HPT 

pHPT sHPT 

US MIBI scan combined CDUS   US MIBI scan combined CDUS 

Sensitivity 88% 70% 87% 97%   53% 25% 45% 62% 

Specificity 94% 100% 100%  100%   93% 100% 100%  100% 

Accurracy 91% 85%  98.6% 98.6%   76% 72.9%  92.5% 83% 

HPT: Hyperparathyroidism   pHPT:Primary hyperparathyroidism   US: Ultrasonography ; sHPT:Secondary hyperpara-
thyroidism     CDUS: Color Doppler Ultrasonography; MIBI Scan: methoxy-isobutyl-isonitrile Scan. 
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with embryology and migration of parathyroid 
glands if they want to completely investigate the 
different patterns of hyperparathyroidism.  
 
The parathyroid glands develop at 6 weeks of 
gestation and migrate caudally at 8 weeks, The 
upper parathyroid glands, originates from the 
fourth pharyngeal pouch and the lower parathy-
roid gland with thymus gland originates from the 
third pharyngeal pouch [12]. 
 
Hyperparathyroidism can be classified as pri-
mary, secondary, or tertiary. The prevalence of 
Primary hyperparathyroidism is 0.2% among 
women and 0.05% among men, most of them 
occur between the ages of 40-60 years [13]. 
 
Polyuria, polydipsia, and weakness accompa-
nied with skeletal abnormality, nephrocalcino-
sis, nephrolithiasis, peptic ulcer disease, and 
psychiatric disorder are the most common clini-
cal manifestation of hyperparathyroidism. Se-
rum hypercalcemia and elevated serum intact 
PTH level are the key points in the diagnosis of 
hyperparathyroidism [14].  
 
Over the past decade bilateral neck dissection 
and exploratory surgery was the traditional 
method in surgical management of hyperpara-
thyroidism, Nowadays traditional method has 
been replace by focused, minimally invasive 
surgery in patients with single adenoma [15]. 
 
For minimally invasive surgery be successful, it 
dependents totally on accurate preoperative 
localization of parathyroid adenoma. While in 
secondary hyperparathyroidism imaging studies 
are of a limited value in surgical management of 
patients but have an important role when percu-
taneous alcohol ablation is contemplated as an 
adjunctive medical treatment [9].  
 
It is uncommon to see normal parathyroid 
glands with ultrasonography; Diagnosis of hy-
perplasia is difficult by sonography because the 
gland volume is much less than parathyroid 
adenoma. Hyperparathyroidism can commonly 
be accompanied by thyroid disease and reactive 
lymph node may be particularly prominent in 
these patients. Therefore reactive lymph node 
can be mistake with parathyroid adenoma or 
hyperplasia [9]. In this situation CDUS can be a 
useful modality for accurate diagnosis of para-
thyroid lesion and differentiation of parathyroid 
adenoma from other cervical pathology.  

In our study the prevalence of parathyroid ade-
noma was more frequent in female than male, 
both in primary hyperparathyroidism and secon-
dary hyperparathyroidism, which were in concor-
dance with previous data [4, 13]. 
 
In our study there was no correlation between 
serum iPTH levels and the results of MIBI scan 
in sHPT (P=0.45) but there was a positive corre-
lation between the serum iPTH levels and the 
results of MIBI scan in PHPT (P=0.025). There 
was no significant difference in serum iPTH lev-
els in patients with MIBI positive result in com-
parison with MIBI negative group. Previous re-
ports showed many controversies about correla-
tion between serum iPTH level and MIBI scan. 
Some investigation revealed that there is a rela-
tionship between serum iPTH levels and MIBI 
results [16-18] but other did not show such a 
correlation [19]. Sukan et al [20] reported a 
significant difference in intact PTH levels be-
tween MIBI positive and negative patients. 
 
We found a relationship between serum iPTH 
level and ultrasonographic estimation of para-
thyroid adenoma’s volume only in primary hy-
perparathyroidism. Our results are in agreement 
with other study that did not showed the corre-
lation between serum iPTH and weight of the 
parathyroid glands [20, 21] but our results are 
in contrast with other reports that showed a 
correlation between serum iPTH and weight of 
the parathyroid glands. Kakuta et al showed 
that the volume of PTGs by US is a good indica-
tor of their weight. Larger PTGs secrete more 
whole iPTH per gland [22]. 
 
We did not found relationship between ultra-
sonographic PTG volume determination and 
MIBI results both in pHPT (P=0.3) and sHPT 
(P=0.93). Our results were in agreement with 
Kasai et al that revealed the correlation of gland 
weight and MIBI uptake were not significant 
[23] and in contrast to the results of Cechin et 
al [14], which demonstrated that “In MIBI posi-
tive and negative patients there was a statisti-
cally significant difference among cases in 
terms of adenoma volume (1.30 ± 1.51 cc vs. 
0.58 ± 0.91 cc, p<0.05)”. 
 
It is obvious that sonography is operator de-
pendent and according to previous data; the 
reported sensitivity of US and MIBI scan in de-
tection of parathyroid adenoma in primary hy-
perparathyroidism ranging from 57-93%, 54-
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93%, respectively [24]. Ababa et al [25] re-
ported that Sensitivity, specificity and diagnostic 
accuracy value of combined US and MIBI scan 
in detection of parathyroid adenoma is 94.9%, 
25.0% and 91.1%. 
 
Sikas et al [26] reported that sensitivity of US 
and MIBI scan in patients with secondary hyper-
parathyroidism is 50% and 45% respectively 
and the specificity of US and MIBI scan were 
85% and 80% respectively. 
 
Because of the low sensitivity of US in the de-
tection of parathyroid hyperplasia in SHPT it is 
less attractive than its application in detection 
of parathyroid adenoma in PHPT. 
 
We detected 35 hyperplasic PTGs in our study 
from 80 resected PTGs. Although hyperplasia in 
sHPT usually affects all glands, but not infre-
quently, one, two, or even three may be spared 
[27]. The Basis for such asymmetrical involve-
ment is obscure. 
 
In conclusion by performing CDUS as routinely 
in the evaluation of pHPT or sHPT the overall 
specificity and accuracy of preoperative imaging 
evaluation of parathyroid adenoma increase 
significantly and can aid to better decision mak-
ing for operative management. 
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