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Using the model and quantitative parameters of contrast-enhanced ultrasound (CEUS) to assess the severity of secondary
hyperparathyroidism (SHPT) was proposed. 42 SHPT patients who underwent CEUS examination were divided into three groups,
light, moderate, and heavy as per parathyroid hormone (PTH). The process of CEUS was divided into two phases, wash-in phase
and wash-out phase.The three groups were analyzed with their enhancing model in the two phases.The quantitative parameters of
CEUS such as Arrival Time (AT), Time to Peak (TTP),Mean Transit Time (MTT), andMaximum Intensity (IMAX)weremeasured
by time-intensity curve (TIC) and compared among the three groups. The enhancing model of light SHPT, moderate SHPT, and
heavy SHPT showed statistical significance in wash-in phase and wash-out phase (𝑃 < 0.05). No difference was observed in AT and
TTP among the three groups (𝑃 > 0.05)while MTT and IMAX showed statistical significance (𝑃 < 0.05). The CEUS of light SHPT
was characterized by “slow-in, fast-out, and lower-enhancement” with short enhancement time; the CEUS of moderate SHPT was
characterized by “fast-in, fast-out, and higher-enhancement” with slightly long enhancement time; the CEUS of heavy SHPT was
characterized by “fast-in, slow-out, and higher-enhancement” with long enhancement time.Therefore, the model and quantitative
parameters of CEUS can be benefit for the assessment of the severity of SHPT.

1. Introduction

Secondary hyperparathyroidism (SHPT) is ubiquitous in
patientswith chronic renal failure (CRF) treated by long-term
dialysis [1], Hypocalcemia, phosphate retention, and 1,25-
dihydroxycholecalciferol(1,25(OH)2D3) deficiency lead to
the synthesis and release of parathyroid hormone (PTH) and
the persistent over stimulation of parathyroid gland (PTG).
In particular in severe SHPT, PTG becomes less responsive to
hormonal stimuli which trigger cell hypertrophy-hyperplasia
and leads to tertiary or autonomous hyperparathyroidism.
Severe SHPT can cause severe clinical symptoms such as
osteoporosis, pathological fracture, and other skeletal system
diseases [2]; recurrent urinary stones and other urinary sys-
tem diseases [3]; depression, anxiety, and other nonspecific
mental symptoms [4]; insomnia, fatigue, high blood pres-
sure, and other cardiovascular system diseases [5]; anorexia,

nausea, long-term constipation, and other digestive system
diseases [6]; serious anemia [7, 8].

Severity of SHPT has been evaluated mainly by the
level of PTH, but hypertrophy (increased cell volume) and
hyperplasia (increased cell number) are the pathological
basis of the increase of PTH. So, carrying out imaging
examinationwill possibly find parathyroid hyperplasia earlier
than the increase of PTH and will possibly indicate the
progress of parathyroid hyperplasia earlier than the increase
of PTH, which will lead to the diagnosis and treatment of
SHPT from passive waiting to active predicting. Conven-
tional ultrasound plays a pivotal role in the diagnosis and
follow-up of SHPT. However, its sensitivity of assessing the
severity of SHPT is not high; it has a reported sensitivity
of 45–70% [9]. Therefore, CEUS is evaluated for assessing
the severity of SHPT, based on its dynamic microcircula-
tion.
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2. Methods and Materials

2.1. Subjects. This study was conducted within the Depart-
ment of Ultrasound at Shanghai General Hospital between
May 2014 and December 2014. Ultrasonography of PTGs was
performed in 50 patients whose PTH level was ≥250mg/dL
(PTH level≥ 250mg/dL defined as SHPT). Of the 50 patients,
8 patients were not found to have parathyroid hyperplasia
on ultrasonography. We excluded these 8 patients. Thus, 42
patients had been incorporated into the present study. Serum
iPTH levels were determined by immunoradiometric assay.

The 42 patients were divided into three groups: light
SHPT (iPTH rang ≥ 250 ng/L < 600 ng/L), moderate SHPT
(iPTH range ≥ 600 ng/L < 800 ng/L), and heavy SHPT (iPTH
range ≥ 800 ng/L). 12 patients were light SHPT patients (7
men, 5 women) with mean age of 56.12 ± 8.56 years (range,
29∼81 years); 18 patients were moderate SHPT (9 men, 9
women) with mean age of 57.72 ± 6.24 years (range, 26∼79
years); 12 patients were heavy SHPT (5 men, 7 women) with
mean age of 54.19±6.86 years (range, 31∼80 years). 12 patients
with heavy SHPT had undergone parathyroidectomy and
achieved pathologic results.

2.2. Apparatus. Sequoia 512 (Siemens, Germany) ultrasound
scanner with a 4∼9MHz linear probe was adopted to conduct
CEUS examination. Mechanical Index (MI) was set to 0.20
and contrast agentwas six sulphur hexafluoridemicrobubbles
(SonoVue, Bracco Corporation, Italy). Before application, we
injected 5mL normal saline into SonoVue powder, oscillated
it forcibly, and shocked it fully and then selected 3mL to
bolus injection through elbow vein. In the imaging process,
it was necessary to ask patients to avoid swallowing and keep
quiet breathing.The observation time was no less than 3min.
Injectionwas done by the same assistant in all cases. All CEUS
examinations were performed by one experienced examiner
who engaged in parathyroid examination for more than 5
years. Image analysis was performed by two expert sinologists
who were blinded to the knowledge of patients’ symptoms
and iPTH.

2.3. Study Design. CEUS examination had been authorized
by the Ethics Committee of Shanghai General Hospital, and
patients signed informed consent before inspection.

The CEUS investigation was divided into two phases:
wash-in phase and wash-out phase. The wash-in phase
ranged from 0 s to 30 s after application of the contrast agent.
Thewash-out phase ranged from 30 s to 120 s after application
of the contrast agent.

The whole imaging process was stored and analyzed by
SonoLiver (TomTec, Germany) software. Arrival Time (AT),
Time to Peak (TTP), Mean Transit Time (MTT), and Max-
imum Intensity (IMAX) were measured by time-intensity
curve (TIC). AT was defined as the time interval from appli-
cation time to the time when the gland’s intensity reached
10%. TTP was defined as the time interval from applica-
tion time to the time when the gland’s intensity reached peak.
MTT was defined as the time interval from Arrival Time
to the time when the peak intensity fell to half. IMAX was
defined as the gland’s peak intensity. We performed CEUS

examination on the largest gland of PTGs and we took their
average when the size of glands was similar.

Because the size of parathyroid glands is known to be
correlated with the severity of SHPT and there is little
doubt that in glands larger than 0.5 cm3, nodular hyperplasia
probably exists [10], we also divided the 42 patients into
two groups (volume < 0.5 cm3 and volume ≥ 0.5 cm3) and
examined the relationship between the size of glands and
the enhancing model of CEUS. PTG volume was calculated
according to the formula 𝑉 = (𝑎 × 𝑏 × 𝑐) × Π/6.

2.4. Statistical Analysis. IBM SPSS Analytics 16.0 software
(Chicago III, USA) was used for statistical analysis. The
measurement data was displayed as mean ± standard error
and analyzed by applying the Analysis of Variance (ANOVA),
and 𝑃 values of <0.05 were regarded statistically significant.
Enumeration data was analyzed by applying the 𝜒2 test and
the Cochran-Armitage Trend test, and 𝑃 values of <0.05 were
regarded statistically significant.

3. Results

3.1. CEUS Manifestation. The differences of the position of
parathyroid glands among the three groups were statistically
trivial (𝑃 = 0.11), as shown in Table 1.

The differences of the enhancing model of CEUS among
the three groups were statistically significant (𝑃 < 0.05), as
shown in Table 2.

The differences of the enhancingmodel of CEUS between
the different volumes were statistically significant (𝑃 < 0.05),
as shown in Table 3.

3.2. Quantitative Parameters of CEUS. As shown in Table 4,
the quantitative parameters of CEUS were compared among
the three groups: no difference was observed among the three
groups in AT and TTP (𝑃 > 0.05) while MTT and IMAX
showed statistical significance among the three groups (𝑃 <
0.05).

3.3. Surgical Histopathology. The histopathology of 12 cases
(surgical patients) was as follows: 12 patients all had nodular
hyperplasia.

4. Discussion

SHPT is a disorder related to mortality [11, 12]; it is not only
a state of increased PTH synthesis and secretion, but more
importantly a state of parathyroid hyperplasia. Numerous
studies have shown that SHPT patients exhibit signs of hyper-
plasia very early, first diffuse, and later nodular hyperplasia
[10]. Homogeneous echoes and smaller enlargement were
often found in diffuse hyperplasia with less vascularity which
can apply the calcitriol [13] to inhibit the secretion of PTH.
Inhomogeneous echoes and larger enlargement were often
found in nodular hyperplasia with paranodular vascularity
[14] which must undergo parathyroidectomy because of its
resistance to drug.

Conventional ultrasound is simple, accurate, noninva-
sive, and reproducible. It can clearly show the location of
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Table 1: The position of parathyroid glands of three groups.

Position Groups
𝑃 value

Light SHPT (𝑁 = 12) Moderate SHPT (𝑁 = 18) Heavy SHPT (𝑁 = 12)
Superior 4 10 7 0.11
Inferior 8 8 5
Note. All data were analyzed by applying the Cochran-Armitage Trend test.

Table 2: The enhancing model of CEUS of three groups in two phases.

Phases Groups
𝑃 value

Light SHPT (𝑁 = 12) Moderate SHPT (𝑁 = 18) Heavy SHPT (𝑁 = 12)

Wash-in phase High enhanced 1 14 11
<0.05

Low enhanced 11 4 1

Wash-out phase High enhanced 2 5 11
<0.05

Low enhanced 10 13 1
Note. All data were analyzed by applying the Cochran-Armitage Trend test.

Table 3: The enhancing model of CEUS of different volumes in two phases.

Phases Groups
𝑃 value

Volume < 0.5 cm3 (𝑁 = 27) Volume ≥ 0.5 cm3 (𝑁 = 15)

Wash-in phase High enhanced 11 15
<0.05

Low enhanced 16 0

Wash-out phase High enhanced 3 15
<0.05

Low enhanced 24 0
Note. All data were analyzed by applying the 𝜒2 test.

Table 4: Quantitative parameters of CEUS between the three groups.

Parameter Group
𝑃 value

Light SHPT (𝑁 = 12) Moderate SHPT (𝑁 = 18) Heavy SHPT (𝑁 = 12)
AT(s) 5.04 ± 0.51 4.91 ± 0.34 4.76 ± 0.30 0.23
TTP(s) 10.91 ± 0.71 11.38 ± 0.78 11.62 ± 0.67 0.062
MTT(s) 9.45 ± 1.48 12.91 ± 0.85 14.58 ± 1.21 <0.05
IMAX(dB) 0.28 ± 0.08 1.82 ± 0.22 2.61 ± 0.40 <0.05
Note. All data were analyzed by applying the ANOVA.

hyperplastic glands and their adjacent tissues and organs. So
it is the first choice for diagnosing SHPT. But conventional
ultrasound has low sensitivity in assessing the severity of
SHPT because it cannot display the dynamic perfusion char-
acteristics of PTGs. CEUS can make up for the deficiency of
conventional ultrasound and can detect nodular hyperplasic
parathyroid glands before the occurrence of hyperparathy-
roidism which is resistant to medical therapy because a
major feature of CEUS is the highly dynamic visualization
of vascularization and blood flow of the tissue. CEUS with
low acoustic power can better detect the microcirculation of
PTGs and can dynamically detect the capillary perfusion of
PTGs, which is more close to the pathologies. SonoVue is
already known to allow continuous imaging at low acoustic
power, providing an easier and more accurate depiction
of microcirculation, which is not assessable by means of
conventional ultrasound [15–17].

Based on our study, of 12 cases of light SHPT, 10 cases
showed the enhancing model of “slow-in and fast-out”; of
18 cases of moderate SHPT, 13 cases showed the enhancing
model of “fast-in and fast-out”; of 12 cases of heavy SHPT, 11
cases showed the enhancing model of “fast-in and slow-out.”
The enhancing model of light SHPT and moderate SHPT
and heavy SHPT showed statistical significance in wash-
in phase and wash-out phase (𝑃 < 0.05). However, of 12
cases of light SHPT, 1 case showed the enhancing model of
“fast-in and slow-out”; of 18 cases of moderate SHPT, 1 case
showed the enhancing model of “fast-in and slow-out”; of 12
cases of heavy SHPT, 1 case showed the enhancing model of
“slow-in and fast-out”. So, there were a few overlaps in CEUS
manifestations among the three groups, which depended on
quantitative analysis of CEUS.

Based on our study, no difference was observed in AT
and TTP among the three groups (𝑃 > 0.05) while MTT
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Figure 1: The CEUS of light SHPT. The CEUS of light SHPT is characterized by “slow-in, fast-out, and lower-enhancement” with short
enhancement time.
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Figure 2: The CEUS of moderate SHPT. The CEUS of moderate SHPT is characterized by “fast-in, fast-out, and higher-enhancement” with
slightly long enhancement time.
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Figure 3: The CEUS of heavy SHPT. The CEUS of heavy SHPT is characterized by “fast-in, slow-out, and higher-enhancement” with long
enhancement time.

and IMAX showed statistical significance (𝑃 < 0.05). With
the aggravation of the severity of SHPT, MTT was getting
longer and longer; IMAX was getting higher and higher.
These differences may be related to the characteristics of
capillary perfusion and determined by different pathological
characteristics of the three groups; the perfusion andduration
of microcirculation increase with the aggravation of the
severity of SHPT.

In our study, the differences of the position of PTGs
among the three groups were statistically trivial (𝑃 = 0.11),
so the position of PTGs does not affect the results of the
enhancing model of CEUS. Although the differences of the
enhancing model of CEUS between the different volumes
were statistically significant, but when volume was <0.5 cm3,
there were too many CEUS manifestations which could not
classify the enhancing model of different severity of SHPT, so
this study took the classification of iPTH.

Within the PTG, calcifications or cysts can be detected. In
patients with such glands, PTH is significantly elevated [18].
Four of the 12 patients in heavy SHPT have cystic changes

including the one with volume of smaller than 0.5 cm3 and
less vascularity, so its PTH was elevated but its enhancing
model was “low enhanced” in wash-in phase and wash-out
phase.

In conclusion, our results showed that the CEUS of light
SHPT was characterized by “slow-in, fast-out, and lower-
enhancement” with short enhancement time (Figure 1); the
CEUS of moderate SHPT was characterized by “fast-in, fast-
out, and higher-enhancement” with slightly long enhance-
ment time (Figure 2); the CEUS of heavy SHPT was charac-
terized by “fast-in, slow-out, and higher-enhancement” with
long enhancement time (Figure 3). The model and quantita-
tive parameters of CEUS can be benefit for the assessment of
the severity of SHPT.
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