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Abstract
Background

Four-dimensional computed tomography (4DCT) is increasingly used in the investigation of primary
hyperparathyroidism. The objective of this study was to identify and analyse the usefulness of different
enhancement patterns on 4DCT to improve its sensitivity.

Methodology

Retrospective data were collected on 100 glands. A consultant head and neck radiologist measured the
Hounsfield units (HU) of the parathyroid gland and surrounding normal thyroid tissue in the pre-contrast,
arterial and venous phases. Each gland was grouped according to the enhancement pattern, and the
percentage change in HU was also calculated between the three phases.

Results

Thirty-five parathyroid glands demonstrated enhancement higher than the thyroid gland in the arterial
phase and lower in the delayed phase and were placed into group A. Four parathyroid glands demonstrated
enhancement higher than the thyroid gland in the arterial phase and also higher in the delayed phase and
were placed into group B. Fifty-nine parathyroid glands demonstrated enhancement lower than the thyroid
gland in the arterial phase and also lower in the delayed phase and were placed into group C. Two
parathyroid glands demonstrated enhancement lower than the thyroid gland in the arterial phase and higher
in the delayed phase and were placed into group D.

Conclusions

This study demonstrated that the classically described enhancement pattern of the parathyroid gland is not
always present or the most frequent, thereby showing that the enhancement pattern cannot be relied upon
in isolation. Instead, a thorough understanding of anatomy, embryology and possible ectopic gland
locations is essential.

Categories: Radiology, Other, Anatomy
Keywords: head and neck and endocrine, four-dimensional computed tomography (4dct), ectopic parathyroid,
parathyroid disease, atypical parathyroid

Introduction

Typically, there are four parathyroid glands: two superior and two inferior. However, the number can vary
among individuals, with as few as one and up to 11 glands reported [1]. The inferior and superior parathyroid
glands develop from the third and fourth pharyngeal pouches, respectively. The superior parathyroid glands
are typically located on the posterior surface of the thyroid gland, within 1 cm of the junction of the
recurrent laryngeal nerve (RLN) and inferior thyroid artery (ITA), at the level of the cricothyroid junction
and positioned posteriorly to the RLN. Ectopic superior parathyroid glands may be found in the
tracheoesophageal groove or para-oesophageal location and within the thyroid (intrathyroidal), the carotid
sheath or posterior mediastinum [2]. The location of the inferior parathyroid glands is more variable due to
the longer path of migration as they arise from the third branchial pouch but are commonly found inferior to
the ITA and anteromedial to the RLN. Around 50% are found within 1 cm of the lower pole of the thyroid [3].
Ectopic glands may be found anywhere along the path of migration. Within the thymus (with which they
migrate), perithymic fat, thyrothymic ligament or thyroid, anterior mediastinum and carotid sheath [4].
Patients with hyperparathyroidism are more likely to have ectopic parathyroid glands than those with
normal parathyroid function [1]. This may be due to a phenomenon known as acquired ectopia -
pathologically enlarged parathyroid glands may migrate due to the effects of gravity and regional dynamics

How to cite this article
Vance-Daniel J, Curwen O, Stroud L, et al. (June 09, 2023) An Assessment of Enhancement Patterns in Abnormal Parathyroid Glands on Three-
Phase CT Imaging. Cureus 15(6): e40166. DOI 10.7759/cureus.40166


https://www.cureus.com/users/265165-joseph-vance-daniel
https://www.cureus.com/users/498803-oliver-a-curwen
https://www.cureus.com/users/498804-lauren-stroud
https://www.cureus.com/users/498805-visvalingam-gnanananthan
https://www.cureus.com/users/498806-kashif-burney
https://www.cureus.com/users/498807-karim-jamal
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

on a gland as it increases in size and weight [3]. Due to the variation in the number and position of
parathyroid glands, imaging plays a crucial role in the pre-operative workup of patients with
hyperparathyroidism [5].

Four-dimensional computed tomography (4DCT) is becoming an increasingly used investigation in the
management of primary hyperparathyroidism. First described in 2006 [6], 4DCT combines three-
dimensional imaging with changes in contrast enhancement over time (the fourth dimension of the scan).
The classically described enhancement pattern of the parathyroid gland is lower in attenuation than the
thyroid gland in the non-contrast phase, higher attenuation than the thyroid (peak attenuation) in the
arterial phase and lower attenuation than the thyroid in the delayed phase (washout phase) [7]. This
enhancement pattern is heavily relied upon [8]; however, it may not always be present [9], resulting in some
diagnostic uncertainty. Knowledge of alternative enhancement patterns could be beneficial in identifying
parathyroid glands to allow for targeted operations. As this has not been investigated in depth previously,
this study aimed to identify and analyse the usefulness of different enhancement patterns on 4DCT to
improve the sensitivity of the 4DCT and reduce the diagnostic uncertainty, which may lead to a more
targeted approach to parathyroid surgery.

Materials And Methods

Retrospective data were collected from patients who underwent pre-operative CT parathyroid scan and
parathyroidectomy between August 2018 and May 2021 in a single trust, performed by a single consultant
endocrine surgeon. Patients were identified using the British Association of Endocrine and Thyroid
Surgeons (BAETS) audit, and a total of 92 patients were identified. Online hospital medical records were
accessed to record age, sex, pathology reports, operation notes and imaging reports. An online picture
archiving and communication system (PACS) was used to access images from CT scans. Patients were
included if they had pre-operative triple-phase CT scans, had undergone a parathyroidectomy with
histological results available and demonstrated pathologically proven adenoma or hyperplasia. Patients who
did not undergo triple-phase CT scan pre-op and who had a scan performed in another trust where the
protocol used was different were excluded. Other exclusion criteria included patients aged under 18 years or
over 80 years and those who had been diagnosed with malignancy, undergoing chemotherapy or were
deceased within six months of data collection.

All images were acquired using GE GSI Revolution / GE Evo HD 128 (GE Healthcare, Chicago, IL, USA) slice
machines. Patients were in the supine position with a headrest with two scout films and centring on the
sternal notch. Omnipaque 350 (80 mL) was mixed with 25 mL saline and injected at the rate of 4 mL/s
through an 18- or 20-gauge Venflon (BD Switzerland Sarl, Eysins, Switzerland). Each patient was scanned
from the angle of the mandible to the carina in three phases: pre-contrast at 0 seconds, arterial phase with a
25-second delay and venous phase with an 80-second delay. All the images were reviewed by a consultant
radiologist, with a specialist interest in head and neck radiology, who was blinded to the pathology results.
The Hounsfield units (HU) of the 100 parathyroid glands was measured using the region of interest setting
on Sectra Workstation IDS7 Version 21.2 (Sectra AB, Linkoping, Sweden); this was then compared with the
HU of an area of normal, adjacent thyroid tissue using the same region of interest setting. This was
performed in the pre-contrast, arterial and venous phases to compare with each other and group the
parathyroid glands into groups A, B, C and D, as shown in Figure 1.
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FIGURE 1: Allocation of subgroups by enhancement patterns.

Figure credit: All authors.
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In all these groups, the parathyroid glands demonstrated lower HU compared to adjacent thyroid tissue in
the pre-contrast phase. The histology of all glands was checked, which demonstrated either adenoma or

hyperplasia.
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Type A: Parathyroid gland enhancement is higher than that of the thyroid gland in the arterial phase and
lower in the delayed phase.

Type B: Parathyroid gland enhancement is higher than the thyroid gland in the arterial and delayed phases.

Type C: Parathyroid gland enhancement is lower than the thyroid gland in the arterial phase and lower in
the delayed phase.

Type D: Parathyroid gland enhancement is lower than the thyroid gland in the arterial phase and higher in
the delayed phase.

The mean HU and standard deviation of the diseased parathyroid tissue and normal adjacent thyroid

tissue for pre-contrast, arterial and venous phases were calculated for each subgroup. The percentage
change in HU was calculated between pre-contrast, arterial and venous phases in both the parathyroid gland
and surrounding thyroid tissue in all groups, and the mean and median HU were calculated. Following the
production of these generic descriptive statistics, data were analysed for evidence of statistical significance
using the Mann-Whitney U test, as they followed a non-parametric distribution. The percentage differences
in HU between the diseased parathyroid gland and surrounding thyroid tissue in both arterial and venous
phases were compared with the pre-contrast values. The differences between the arterial and venous phases
were also analysed similarly. IBM SPSS Statistics for Windows, Version 28 (IBM Corp. Armonk, NY, USA) was
used.

Results

Ninety-two patients were identified who underwent parathyroidectomy within the timeframe. Of these 92
patients, six were excluded as per the exclusion criteria; the remaining 86 patients met all criteria. Of the 86
patients, 100 parathyroid glands were removed and histological results were available. This included 67
patients with single gland disease, demonstrating adenomatous changes, and 19 patients with multi-
glandular disease demonstrating hyperplastic changes. Following analysis of each patient’s 4DCT images,
the patient was allocated either Group A, B, C or D, depending on their enhancement patterns (Figure 1).

The total number of patients in Group A was 35. The mean parathyroid value in the pre-contrast phase was
48.3 HU (SD = 25.8), the arterial phase 190.2 HU (SD = 54.7) and the delayed phase 99.1 HU (SD = 31.5)
compared to the mean thyroid values of 86.7 HU (SD = 19.9) in the pre-contrast phase, 154.9 HU (SD = 36.5)
in the arterial phase and 136.0 HU (SD 16.8) in the venous phase, as demonstrated in Figure 2. The total
number of patients in Group B was 4. The mean parathyroid values were 65.6 HU (SD = 37.1) in the pre-
contrast phase, 189.0 HU (SD = 25.2) in the arterial phase and 134.3 HU (SD = 30.1) in the venous phase. The
mean thyroid values were 97.8 HU (SD = 39.0) in the pre-contrast phase, 126.3 HU (SD = 57.3) in the arterial
phase and 100.0 HU (SD = 30.4) in the venous phase, as demonstrated in Figure 2. The total number of
patients in Group C was 59. The mean parathyroid values were 46.4 HU (SD = 16.3) in the pre-contrast phase,
140 HU in the arterial phase (SD = 49.4) and 95.8 HU (SD = 34.6) in the venous phase. The mean thyroid
values were 90.1 HU (SD = 24.3) in the pre-contrast phase, 189.1 HU (SD = 41.8) in the arterial phase and
147.9 HU (SD = 20.0) in the venous phase, as demonstrated in Figure 2. The total number of patients in
Group D was 2. The mean parathyroid values were 37.5 HU (SD = 2.1) in the pre-contrast phase, 119 HU in
the arterial phase (SD = 52.3) and 166 HU (SD = 1.4) in the venous phase. The mean thyroid values were 109.5
HU (SD = 24.7) in the pre-contrast phase, 177.5 HU (SD = 48.8) in the arterial phase and 153 HU (SD = 7.1) in
the venous phase, as demonstrated in Figure 2.
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FIGURE 2: Graphical representation of the mean enhancement patterns
of each group.

The pre-contrast phase is at 0 seconds, the arterial phase at 25 seconds and the venous phase at 80 seconds.

The mean percentage change in HU values for the parathyroid and thyroid tissue was calculated

between phases (Table I), and the percentage change between parathyroid tissue and thyroid tissue was
analysed for statistical significance. Significant statistical difference was found between the percentage
change of HU between the diseased parathyroid gland and adjacent thyroid tissue between pre-contrast and
arterial phases using t-test (P < 0.001), arterial and venous phases (P < 0.001) and pre-contrast and venous
phases (P < 0.001), as demonstrated in Table 2.

A B C D All
Parathyroid Thyroid Parathyroid Thyroid Parathyroid Thyroid Parathyroid Thyroid Parathyroid Thyroid

Mean percentage change 572 188 324 129 365 227 314 172 433 209

TABLE 1: Mean percentage change between pre-contrast and arterial phases of parathyroid and
thyroid glands in each group.
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Average parathyroid percentage Average thyroid percentage difference
difference in HU (%) in HU (%)

Pre-(.:ontrast to 330 192

arterial

Pre-contrast t

re-contrast to 11 63
venous
Arterial to venous -39 -18

P-value (Statistical
significance)

<0.001

<0.001

<0.001

TABLE 2: Average percentage difference in HU between phases.

HU, Hounsfield unit

Discussion

In this study, all of the diseased parathyroid glands were found to be of lower attenuation when compared to
the adjacent thyroid tissue during the pre-contrast phase. This is to be expected [7] and is due to the higher
iodine content of the thyroid tissue, causing a higher density when compared with the lower-density
parathyroid gland [10]. However, it is worth noting that in certain conditions, such as chronic thyroiditis,
there may be a lower iodine content, meaning the density of the abnormal thyroid parenchyma is similar in
attenuation to the parathyroid glands [11], which is a phenomenon that the reporting radiologist should be
aware of. The arterial enhancement pattern of a parathyroid gland has been described by Doppman et al. [12]

in the 1960s when they visualised arterial staining due to selective angiography of the inferior thyroid artery.

This helped to form the basis of 4DCT scans for parathyroids, which was first described by Rodgers et al. [6].
The previously described characteristic enhancement pattern of the parathyroid gland is that it is higher in
attenuation compared to the thyroid in the arterial phase, with a quicker washout causing a lower
attenuation in the delayed phase - this is the Type A subgroup within our study. Although this well-
described enhancement pattern is frequently quoted, several studies that have analysed this in detail have
consistently found that other enhancement patterns also exist [7,9,13], matching our findings, although
some group numbers were smaller. Our study further corroborates this finding, as only 35% of all diseased
glands fall into the typical enhancement pattern (Type A). We found that the most common enhancement
pattern was Type C with 59%, in which the parathyroid glands are lower in attenuation than the thyroid in
both the arterial and delayed phases. It is worth noting, however, that the mean HU in the arterial phase in
this subgroup is 140 HU, increasing from 46 HU in the pre-contrast phase, and that a more specific
characteristic of the parathyroid glands was that there was a statistically significant increase in
enhancement between the pre-contrast and arterial phases, with a mean percentage increase of 433% in the
enhancement of parathyroid glands compared to a 209% increase in the enhancement of thyroid tissue.
Similarly, there was a significant difference in the percentage change between pre-contrast and venous and
arterial and venous phases between diseased parathyroid and thyroid tissue. This demonstrates that a
percentage difference in HU may be more useful to identify parathyroid tissue, as well as to discriminate
from lymph nodes, which enhances to a lesser extent [14]. These findings further highlight that relying
solely on enhancement characteristics cannot reliably identify parathyroid glands. Instead, a thorough
understanding of the normal location of the superior and inferior parathyroid glands is essential.
Furthermore, due to the high occurrence of ectopic glands in patients with primary hyperparathyroidism [2],
a robust knowledge of the embryological migration of the glands is paramount to ensure the identification
of ectopic glands, which could easily be missed if not specifically looked for. As many radiologists can find
reporting of 4DCT scans both challenging and time-consuming, particularly in the learning phase [7,15], we
suggest that the reporting radiologist needs to have a systematic approach when reporting the images,
which involves careful inspection of possible ectopic areas, and that this should be combined with the
feedback of findings from the operating surgeon.

Conclusions

The aim of this study - to identify and analyse the usefulness of different enhancement patterns on 4DCT -
has been achieved. The study has demonstrated that not only is the classically described enhancement
pattern of the parathyroid gland not always present, but it also is not even the most frequent. The relative
enhancement characteristics between diseased parathyroid and adjacent thyroid tissue are variable and
cannot be relied upon in isolation. Instead, a thorough understanding of anatomy, embryology and possible
ectopic gland locations is essential. The study has also demonstrated a significant difference in the
percentage change of HU in diseased parathyroid tissue and adjacent thyroid tissue between phases. This
raises the question of whether there is a need for three phases and whether a two-phase scan, which would
allow for a reduction in radiation for patients, maybe more beneficial if analysed using a percentage change
in HU. Further studies could also look at possible explanations for altered enhancement patterns, as well as
compare different imaging modalities. There is a learning curve to the reporting of 4DCT scans, and the
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reporting radiologist must have adequate knowledge of the embryology, anatomy and pathology of primary
hyperparathyroidism, as lesions that look like parathyroids and are found in the expected anatomical or
embryological positions may be the most important and consistent positive finding. Multi-disciplinary team
meetings with radiologists, endocrinologists and surgeons to review images, along with the case
information and operative findings, will provide feedback and improve the quality of care for patients.
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Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Taterra D, Wong LM, Vikse |, et al.: The prevalence and anatomy of parathyroid glands: a meta-analysis with
implications for parathyroid surgery. Langenbecks Arch Surg. 2019, 404:63-70. 10.1007/s00423-019-01751-8

2.  Georgakopoulos B, Al Khalili Y: Anatomy, Head and Neck, Parathyroid, Ectopic Glands. StatPearls, Treasure
Island, FL; 2021.

3. Agarwal A, Mishra A, Lombardi C, Raffaelli M: Applied Embryology of the Thyroid and Parathyroid Glands .
In: Surgery of the Thyroid and Parathyroid Glands, 3rd edn. Randolph G (ed): Saunders/Elsevier,
Philadelphia; 2021. 15-24.

4.  Caron NR, Sturgeon C, Clark OH: Persistent and recurrent hyperparathyroidism. Curr Treat Options Oncol.
2004, 5:335-45. 10.1007/s11864-004-0024-4

5. Kelly HR, Hamberg LM, Hunter GJ: 4D-CT for preoperative localization of abnormal parathyroid glands in
patients with hyperparathyroidism: accuracy and ability to stratify patients by unilateral versus bilateral
disease in surgery-naive and re-exploration patients. AJINR Am ] Neuroradiol. 2014, 35:176-81.
10.3174/ajnr.A3615

6. Rodgers SE, Hunter GJ, Hamberg LM, et al.: Improved preoperative planning for directed parathyroidectomy
with 4-dimensional computed tomography. Surgery. 2006, 140:932-40; discussion 940-1.
10.1016/j.surg.2006.07.028

7. Bunch PM, Randolph GW, Brooks JA, George V, Cannon J, Kelly HR: Parathyroid 4D CT: what the surgeon
wants to know. Radiographics. 2020, 40:1383-94. 10.1148/rg.2020190190

8. Zeina AR, Nakar H, Reindorp D N, Nachtigal A, Krausz MM, Itamar I, Shapira-Rootman M: Four-
dimensional computed tomography (4DCT) for preoperative localization of parathyroid adenomas. Isr Med
Assoc J. 2017, 19:216-20.

9. Bahl M, Sepahdari AR, Sosa JA, Hoang JK: Parathyroid adenomas and hyperplasia on four-dimensional CT
scans: three patterns of enhancement relative to the thyroid gland justify a three-phase protocol. Radiology.
2015, 277:454-62. 10.1148/radiol.2015142393

10. Norris AA, Amdur RJ, Morris CG, Mendenhall WM: Hypothyroidism when the thyroid is included only in the
low neck field during head and neck radiotherapy. Am J Clin Oncol. 2006, 29:442-5.
10.1097/01.coc.0000217831.23820.85

11.  Pandey V, Reis M, Zhou Y: Correlation between computed tomography density and functional status of the
thyroid gland. ] Comput Assist Tomogr. 2016, 40:316-9. 10.1097/RCT.0000000000000360

12. Doppman JL, Hammond WG, Melson GL, Evens RG, Ketcham AS: Staining of parathyroid adenomas by
selective arteriography. Radiology. 1969, 92:527-30. 10.1148/92.3.527

13.  Lee EK, Yun TJ, Kim JH, et al.: Effect of tumor volume on the enhancement pattern of parathyroid adenoma
on parathyroid four-dimensional CT. Neuroradiology. 2016, 58:495-501. 10.1007/500234-016-1656-3

14.  Marmin C, Toledano M, Lemaire S, Boury S, Mordon S, Ernst O: Computed tomography of the parathyroids:
the value of density measurements to distinguish between parathyroid adenomas of the lymph nodes and
the thyroid parenchyma. Diagn Interv Imaging. 2012, 93:597-603. 10.1016/j.diii.2012.05.008

15.  Kutler DI, Moquete R, Kazam E, Kuhel WI: Parathyroid localization with modified 4D-computed tomography
and ultrasonography for patients with primary hyperparathyroidism. Laryngoscope. 2011, 121:1219-24.
10.1002/1ary.21783

2023 Vance-Daniel et al. Cureus 15(6): €40166. DOI 10.7759/cureus.40166 6 0of 6


https://dx.doi.org/10.1007/s00423-019-01751-8
https://dx.doi.org/10.1007/s00423-019-01751-8
https://europepmc.org/article/MED/31082016/NBK430685#free-full-text
https://publires.unicatt.it/en/publications/applied-embryology-of-the-thyroid-and-parathyroid-glands-9
https://dx.doi.org/10.1007/s11864-004-0024-4
https://dx.doi.org/10.1007/s11864-004-0024-4
https://dx.doi.org/10.3174/ajnr.A3615
https://dx.doi.org/10.3174/ajnr.A3615
https://dx.doi.org/10.1016/j.surg.2006.07.028
https://dx.doi.org/10.1016/j.surg.2006.07.028
https://dx.doi.org/10.1148/rg.2020190190
https://dx.doi.org/10.1148/rg.2020190190
https://europepmc.org/article/med/28480673
https://dx.doi.org/10.1148/radiol.2015142393
https://dx.doi.org/10.1148/radiol.2015142393
https://dx.doi.org/10.1097/01.coc.0000217831.23820.85
https://dx.doi.org/10.1097/01.coc.0000217831.23820.85
https://dx.doi.org/10.1097/RCT.0000000000000360
https://dx.doi.org/10.1097/RCT.0000000000000360
https://dx.doi.org/10.1148/92.3.527
https://dx.doi.org/10.1148/92.3.527
https://dx.doi.org/10.1007/s00234-016-1656-3
https://dx.doi.org/10.1007/s00234-016-1656-3
https://dx.doi.org/10.1016/j.diii.2012.05.008
https://dx.doi.org/10.1016/j.diii.2012.05.008
https://dx.doi.org/10.1002/lary.21783
https://dx.doi.org/10.1002/lary.21783

	An Assessment of Enhancement Patterns in Abnormal Parathyroid Glands on Three-Phase CT Imaging
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	FIGURE 1: Allocation of subgroups by enhancement patterns.

	Results
	FIGURE 2: Graphical representation of the mean enhancement patterns of each group.
	TABLE 1: Mean percentage change between pre-contrast and arterial phases of parathyroid and thyroid glands in each group.
	TABLE 2: Average percentage difference in HU between phases.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


