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Background

Primary hyperparathyroidism (PHPT)  

is a common cause of hypercalcemia, 

with an estimated incidence of  

approximately 25 to 30 cases per 

100,000 people. Approximately 85  

to 90% of these cases are caused by  

single parathyroid adenomas (PTA), 

while multiglandular disease and  

parathyroid hyperplasia account for 

the remainder of cases with PHPT [1]. 

Key points:

1. The MR technique described 

below has significantly 

improved on the traditional 

drawbacks of MR for para- 

thyroid imaging including  

limited spatial and temporal 

resolution.

2.  Four-dimensional (4D) con-

trast-enhanced MRI with high 

spatial and temporal resolu-

tion can be obtained for evalu-

ation of parathyroid adenomas 

and has the potential to be 

used as a strong alternative 

imaging modality to Techne-

tium (99mTc) Sestamibi or 4D CT 

without the need for radiation.

3.  Multiparametric quantitative 

MR perfusion analysis can be 

used to distinguish parathyroid 

adenomas from subjacent  

thyroid tissue or lymph nodes.

Implications for  
patient care:

In patients with primary hyper-

parathyroidism, the described  

4D DCE MRI technique provides 

additional means to accurately 

identify and characterize para-

thyroid adenomas without the 

need of radiation required for 

alternative imaging such as  

4D CT or 99mTc-Sestamibi scan. 

71-year-old woman with primary hyperparathyroidism (PHPT), who had  

left-sided parathyroidecotomy 3 years ago (note surgical clips on CT); now 

presenting with recurrent PHPT (PTH: 120 pg/mL, Ca++: 10.6 mg/dL). (1A): 

Tc-Sestamibi scan is negative. (1B): 3-phase dynamic CT images including 

un-enhanced, arterial phase (45 sec) and venous phase (90 sec) images  

are shown, demonstrating a 5 mm arterial enhancing nodule (arrows) in the 

right tracheoesophegeal groove just posterior to the right thyroid lobe which 

shows washout on delayed phase. (1C): Selected axial multiframe MR images 

from dynamic contrast-enhanced MR sequence are shown, demonstrating 

arterial enhancing PTA (arrows) that shows significant washout on delayed 

venous phase.

1

Diagnosis is often made by biochemi-

cal tests (serum Ca++ and PTH) in an 

appropriate clinical setting. Definitive 

treatment requires surgical excision, 

and preoperative localization with 

imaging is used to minimize the 

extent of surgery and complication 

rates [2].

Traditionally, ultrasound and Techne-

tium-99m (99mTc) Sestamibi scintigra-

phy have been used as first line tools 

to localize parathyroid adenomas. 

Ultrasound takes advantage of differ-

ential echogenicity of PTA compared 

to thyroid tissue, and scintigraphy 

takes advantage of physiologically 

differences in radiopharmaceutical 

uptake and retention. These tests can 

often be inconclusive, which has led 

to the development of other cross-

sectional imaging such as dynamic 

multiphasic CT (4D CT) or dynamic 

MRI (Fig. 1). 
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The main target of these cross- 

sectional studies is to exploit hyper-

vascular nature of PTAs, a principle 

that was established in 1970s by the 

use of arterial catheter angiography 

[3, 4]. 4D CT has shown superior 

accuracy compared to scintigraphy 

[5] and has shown significant  

promise for identification and charac-

terization of PTAs [6-8]. However 

there are two lingering problems 

associated with 4D CT:

1.  Since continuous CT acquisition  

during the entire dynamic course 

of contrast through parathyroid 

glands is prohibited by the radia-

tion dose, 4D CT provides only 

snapshots of contrast dynamic  

at certain time points (depending 

on the number of acquisitions). 

There are a variety of acquisition 

schemes using a combination  

of unenhanced and multiple post-

contrast phases including 2 phases 

[9, 10], 2.5 phases [11, 12],  

3 phases [8, 13] or 4 phases  

[14-17] with time interval ranging 

from 30 to 90 sec, each with 

strengths and limitations. However 

there is no consensus on the num-

ber and time-interval between CT 

acquisitions for an optimal 4D CT.

2.  Radiation dose remains the main 

inherent disadvantage of CT. 

Despite using dose reduction  

techniques, effective radiation 

dose delivered by 4D CT ranges 

from 5.56 to 10.4 mSv [8, 18, 19] 

depending on the acquisition 

scheme used. 

For these reasons, there remains  

a role for MRI to be explored in  

parathyroid imaging.

MRI technical considerations

MRI is an attractive alternative to 

both scintigraphy and 4D CT due to 

lack of radiation and has been used 

for the evaluation of PTAs with some 

success [20-22], though not with the 

same effectiveness as 4D CT. Fast 

image acquisition and high spatial 

resolution have long been significant 

advantages of CT and hence signifi-

cant attention has been given to  

4D CT for the detection of PTAs.  

Traditional technical limitations  

to localizing PTAs with MR have 

recently been addressed with mod-

ern MR technology. These include: 

3. Limited spatial and temporal  

resolution for multiphase dynamic  

contrast enhanced (DCE) MR  

imaging over a large field-of-view 

required for parathyroid imaging. 

This limitation can be addressed  

by the use of fast imaging tools 

such as time-resolved angiography 

with stochastic trajectories (TWIST) 

[23] and improved parallel imag-

ing technique such as Controlled  

Aliasing in Parallel Imaging  

Results in Higher Acceleration 

(CAIPIRINHA) [24]. 

4. Inhomogeneity of fat-suppression 

in the neck that is required for  

the detection of small parathyroid 

adenomas. Dixon fat-suppression 

technique [25] can significantly 

improve this shortcoming [26].

In our institution, using a modified 

MR sequence that incorporates Dixon 

fat saturation technique and fast 

imaging tools such as TWIST and 

CAIPIRINHA, we have established  

a 4D dynamic MRI protocol for the 

accurate identification and character-

ization of PTAs [27, 28].

How we do it? 

Image acquisition

In order to offset signal-to-noise 

(SNR) penalty associated with fast 

imaging tools such as TWIST and 

CAIPIRINHA, we use 3T MRI for our 

parathyroid imaging (MAGNETOM 

Skyra MRI system, Siemens Health-

care, Erlangen, Germany). A combi-

nation of 20-element head and neck 

coil is used for radiofrequency signal 

reception. Our MR imaging protocol 

includes axial T2w Fat sat, coronal 

STIR, coronal T1w pre contrast and 

4D dynamic contrast-enhanced (DCE) 

sequences. 4D-DCE imaging is per-

formed using a 3D VIBE (volumetric 

interpolated examination) sequence 

with the following parameters:  

(TR: 4.06 ms, 1st TE: 1.31 ms, 2nd  

TE: 2.54 ms, FA: 9º, matrix: 160 mm, 

FOV: 200 mm, 60 slices x 2 mm 

thick). The TWIST VIBE and Dixon  

fat/water separation are merged  

into one pulse sequence [29].  

Bipolar readout gradients are used  

to produce two partial echoes at  

a first (TE: 1.31 ms) and a second (TE: 

2.54 ms) echo time. Bipolar gradients 

allow for a shorter TR (4.6 ms) as well 

as less echo asymmetry. Integration of 

TWIST as an echo-sharing technique 

with sampling density of 33% results 

in x2 acceleration. In addition, CAIPIR-

INHA with accel-eration factor of 4 is 

incorporated, to increase net accelera-

tion to a factor of 8. 

Using these combinations we acquire 

a 3D data set with voxel size of 1.3 x 

1.3 x 2 mm³ and temporal resolution 

of 6 seconds over a cranio-caudal  

coverage of 120 mm. This coverage  

is adequate to encompass from the 

inferior mandibular rim to the carina in 

most patients. We acquire 24 temporal 

frames for a total of 140 sec acquisi-

tion time. Four of these temporal 

frames (about 25 sec) are acquired 

before contrast injection to establish 

the baseline required for DCE analysis. 

A total of 0.1 mmol/kg of gadolinium 

is injected at 4 ml/sec. 

Image analysis 

Identification: For pre-operative local-

ization, T2w fat-sat and 4D dynamic 

series are most scrutinized. The  

majority of PTAs are T2 hyperintense 

and should demonstrate early arterial 

enhancement (Fig. 2). Having high-

spatial resolution voxels (1.3 x 1.3 x  

2 mm3) over a craniocaudal diameter 

of 12 cm (from mandibular rim to 

manubrium) allow for accurate exami-

nation of both native and ectopic  

adenomas as small as 3 mm. Having 

this data set every 6 seconds provides 

a true 4D capability for interrogation  

of contrast-enhancement cure of PTA 

over the course of image acquisition 

(144 sec). In contrast to 4D CT in 

which the number of acquisitions 

(ranging from 2 to 4) is limited by the  

prohibitive effect of radiation dose, 

using our 4D DCE MR, 24 time frames 

are acquired every 6 seconds to truly 

exploit the hypervascular nature of 

these lesions. This takes out the guess-

work that is required in using 4D CT  

to capture the arterial phase. In our 

experience the majority of these PTAs 

are enhancing at the same time as,  

or one temporal frame before, the 

enhancement of thyroid bed (Fig. 2). 

The peak-enhancement of PTAs are 

often 6 to 12 seconds (1 to 2 temporal 

frames) before the peak-enhancement 
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68-year-old woman primary hyperparathyroidism (PHPT) who was found to have multiglandular disease involving all four 

parathyroid glands on pre-operative MRI, confirmed by surgical pathology. Selected axial images from 4D dynamic-contrast-

enhanced series and corresponding T2w images show enlarged T2 hyperintense enhancing nodules of the left lower gland  

(white arrows) and right lower gland (red arrows) indicative of adenomatous enlargement seen with multiglandular hyperplasia. 

Note the excellent image quality of the 4D dynamic series that are obtained with voxel size of 1.3 x 1.3 x 2 mm3 every 6 seconds. 

Also homogenous fat-saturation is achieved by using Dixon fat-saturation technique.

3

3

55-year-old woman, with serum Ca++ of 12.2 and advanced osteoporosis as the result of her primary hyperparathyroidism (PHPT). 

Selected axial multiframe MR images from dynamic contrast-enhanced MR sequence are shown, demonstrating arterial 

enhancing PTA 42 seconds after contrast injection (arrows). This lesion is hyperintense on T2w images (arrowhead), which 

shows significant wash-out (40%) during later venous phase at 144 seconds post contrast injection. 

2

2

of the thyroid gland. In our experi-

ence, having a T2 hyperintense arterial 

enhancing nodule in the native  

parathyroid gland space or along  

the expected embryologic course of 

parathyroid glands such as tracheo-

esophageal groove or superior medias-

tinum is extremely likely to be a PTA. 

Our preliminary data for pre-operative 

detection of PTA has shown a sensi- 

tivity close to 100% and positive- 

predictive value close to 1 for single 

PTA, while sensitivity drops to between 

64 and 75% for multiglandular disease 

(Fig. 3) [28]. 

Characterization: The dynamic infor-

mation inherent to this 4D DCE data 

set can be used to characterize PTA 

and differentiate them from PTA  

mimics such as cervical lymph nodes 

or subjacent thyroid tissue. This is  

particularly useful when you have a 

few PTA candidate lesions to narrow 

the differential diagnosis and provide 

the surgeon with the most likely lesion 

to be a true PTA [27] (Fig. 4). 

The perfusion datasets are processed 

using commercially available FDA 

approved software (Olea Sphere, 

Olea Medical SAS, La Ciotat, France). 

Multiparametric quantitative perfu-

sion parameters including peak 

enhancement, time-to-peak (TTP), 

wash-in and wash-out can be  

computed from the concentration-

time curve. Multiparametric  

perfusion biomarkers can success-

fully exploit the hypervascular nature 

of PTAs, a feature that can be used  

to differentiate them from subjacent 

cervical lymph node and thyroid  

tissue. In our experience, TTP and 

wash-in, two characteristics of arte-

rial enhancement, are significantly 

different in PTAs vs. cervical lymph 

nodes and thyroid tissue (Fig. 4). 

PTAs show significantly faster arterial 

enhancement with a mean TTP 

enhancement of 13 and 29 seconds 

earlier than thyroid tissue and normal 

cervical lymph node respectively. In 

addition the wash-in and wash-out 

values are significantly higher in 

PTAs. Using multiparametric MR  

perfusion and combined ROC  

analysis, the best overall model to 

distinguish PTA from cervical lymph 

node consists of a combination of 

TTP, wash-in and wash-out yielding 

an AUC of 0.96, superior to any  

individual or combination of other 

classifiers [27]. 

Conclusion

Dynamic 4D contrast-enhanced  

MRI with high temporal and spatial 

resolutions can now be obtained for 

pre-operative identification of PTAs, 

providing a strong alternative imag-

ing modality to 4D CT without the 

need for radiation. Multiparametric 

MR perfusion can be used to exploit  

the hypervascular nature of PTAs  

to distinguish them from subjacent 

thyroid tissue or lymph nodes with 

high accuracy.
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61-year-old woman with primary hyperparathyroidism (PTH: 118 pg/mL, Ca++: 10.9 mg/dL) Note differential contrast enhance-

ment of a small nodule in the posterior lobe of the right thyroid gland (red arrowhead) during the arterial phase 42 second  

after contrast injection and corresponding increased peak enhancement (arrow) on perfusion map in this surgically proven intra-

thyroid PTA. Note that on two imaging frames latter (54 sec), the nodule is less conspicuous due to increasing enhancement of 

the thyroid tissue. Contrast-time curve analysis from ROIs placed over the PTA and thyroid gland shows significantly faster and 

higher peak enhancement and higher wash-in and significant washout values in PTA in comparison to the thyroid gland.
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The statements by Siemens’ customers described herein are based on results that were achieved in the  

customer’s unique setting. Since there is no ‘typical’ hospital and many variables exist (e.g., hospital size, 

case mix, level of IT adoption) there can be no guarantee that other customers will achieve the same results.

The Head/Neck 64 reveals previously hard- 
to-recognize, but pertinent, anatomical  
and disease-related details for a spectrum  
of pathologies within the brain, inner ear,  
orbits, skull base and neck, as well as the  
cervical spinal cord. This leads to improved 
insight into neuroanatomy relevant to  
an extended range of diseases and abnor- 
malities. All this can be achieved, fortunately, 
at advanced speed and resolution.

Head and Neck Imaging How-I-do-it

MAGNETOM Flash | (63) 3/2015 | www.siemens.com/magnetom-world 35


