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Purpose: The purpose of this study was to investigate the accuracy and reliability of the semi-
automated ultrasonographic volume measurement tool, virtual organ computer-aided analysis
(VOCAL), for measuring the volume of parathyroid glands.

Methods: Volume measurements for 40 parathyroid glands were performed in patients with
secondary hyperparathyroidism caused by chronic renal failure. The volume of the parathyroid
glands was measured twice by experienced radiologists by two-dimensional (2D) and three-
dimensional (3D) methods using conventional sonograms and the VOCAL with 30° angle
increments before parathyroidectomy. The specimen volume was also measured postoperatively.
Intraclass correlation coefficients (ICCs) and the absolute percentage error were used for
estimating the reproducibility and accuracy of the two different methods.

Results: The ICC value between two measurements of the 2D method and the 3D method was
0.956 and 0.999, respectively. The mean absolute percentage error of the 2D method and the
3D VOCAL technique was 29.56% and 5.78%, respectively. For accuracy and reliability, the plots
of the 3D method showed a more compact distribution than those of the 2D method on the
Bland-Altman graph.

Conclusion: The rotational VOCAL method for measuring the parathyroid gland is more accurate
and reliable than the conventional 2D measurement. This VOCAL method could be used as a
more reliable follow-up imaging modality in a patient with hyperparathyroidism.
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Introduction

In patients with chronic renal failure (CRF), secondary hyperpara-
thyroidism (sHPT) is a common problem. With a decrease in
calcium receptors in patients with CRF, the serum level of the
intact parathyroid hormone (iPTH) increases, and this is positively
correlated with the volume of the parathyroid glands [1,2]. If the
volume of one or more parathyroid glands is more than 0.5 cm’ or
medical treatment such as active vitamin D or calcimimetics fails, the
clinician considers parathyroidectomy [3]. Therefore, clinicians want
to know a more exact volume of the enlarged parathyroid glands.
In addition, the parathyroid volume could be used as the index of
response for medical treatment. Thus far, neck ultrasonography (US)
has been performed in patients with CRF for an imaging diagnosis
of sHPT and the localization of the parathyroid glands prior to
parathyroidectomy.

Recently, a three-dimensional (3D) volume measurement
technique using US has emerged, and the virtual organ computer-
aided analysis (VOCAL, General Electric Medical Systems,
Milwaukee, WI, USA) technology, one of the 3D ultrasonographic
semi-automated volume measurement tools to provide accurate
and reliable volume calculations, is now commercially available.
In the VOCAL technique, after acquiring the 3D volume dataset
on US scanning using a 3D probe, a computer-aided analysis
program extracts multiple imaging planes while rotating along the
designated axis. The number of extracted imaging planes may vary
according to the rotational degree selected by the user. Then, the
volume is calculated semiautomatically on the basis of a contour
drawn by the user on the extracted imaging planes. Thus far, many
previous studies have demonstrated the high accuracy and reliability
of the VOCAL technique in cases involving fetal organs such as the
liver [4,5], lung [6,7], brain [8], bladder [9], and embryo [10], and in
phantoms [11,12]. However, thus far, this technique has not been
used for measuring the parathyroid gland, and no previous study has
compared the virtual volume with the real specimen. The purpose of
our study is to investigate the accuracy and reliability of VOCAL for
measuring the volume of hyperplastic parathyroid glands in patients
with CRF, as compared to the two-dimensional (2D) conventional
method.

Materials and Methods

Patients

This prospective study was approved by the Institutional Review
Board of Korean University Guro Hospital, and all participants
provided written informed consent at the beginning of the
study. Between January 2011 and January 2013, a total of 73
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patients with sHPT who failed medical treatment underwent US
examinations for assessing the parathyroid glands. The volume of
enlarged parathyroid glands in patients with sHPT was measured
by an experienced neuroradiologist A (1st measurement) using the
conventional 2D method. At the same time, the same radiologist
A scanned the hypertrophied parathyroid glands by using the
3D method. The scanning dataset was transferred to a personal
computer, and the radiologist A created a reconstructed 3D image
and measured the parathyroid volume. The 2D and 3D volumes
of 203 parathyroid glands in 73 patients were measured, and
these volume data were provided to the nephrologist. Ultimately,
15 patients with 40 parathyroid glands who decided to undergo
parathyroidectomy were included in this study. The day before
the operation, the same neuroradiologist A re-measured (second
measurement) the volume of the target parathyroid glands by
using the 2D and 3D methods, and provided the volume data
to the surgeon. The interval between the first and the second
measurements was not more than 2-4 weeks. Immediately after
the resection of the parathyroid glands, the specimen volume was
measured by another experienced radiologist B.

Image Acquisition

All scans were performed using the 4D8C volume transducer on
a LOGIQ 9 ultrasound system (GE Healthcare, Wauwatosa, WI,
USA). On the 2D ultrasound, the settings of the machine for the
2D measurements were as follows: frequency, 7.5 MHz; gain, 50;
dynamic range, 70; density, high; power, 90; and quality, extreme.
The 2D volume of the enlarged parathyroid glands was calculated
by an ellipsoid equation as suggested by Zimmermann et al. [13]
and Vitti et al. [14] using the craniocaudal (CC), mediolateral (ML),
and anteroposterior (AP) diameters. The AP and ML diameters were
measured on an axial image. The AP diameter was defined as the
longest diameter of the perpendicular line against the skin surface,
and the ML diameter was defined as the longest diameter of the
nodule parallel to the skin line. The CC diameter was measured on a
longitudinal image and was defined as the longest diameter of the
nodule parallel to the skin line (Fig. 1A). The parathyroid volume was
calculated as follows: m/6xCCxMLxAP. It took about 15 seconds to
measure the parathyroid volume by using the 2D method.

The settings of the machine for the 3D measurements were as
follows: frequency, 7.5 MHz; gain, 50; dynamic range, 70; density,
high; power, 90; and quality, extreme. Each radiologist acquired a
single 3D ultrasound dataset and transferred this dataset to the
personal computer after checking the quality of the data acquisition
by using the 3D display mode. This took approximately 3 minutes.
After the Digital Imaging and Communications in Medicine (DICOM)
data from the 3D scans were loaded, the axial plane was selected
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as the reference. The contour of the parathyroid gland on the axial
plane was drawn, and two calipers were located on the superior
and inferior extremities of the target lesion in order to designate
the rotational axis. After the radiologist selected the 30° rotational
VOCAL method for measuring the parathyroid volume, the program
automatically extracted the six sequential planes perpendicular to
the reference axial plane. After the manual drawing of the contour
of the parathyroid gland on the six acquired planes, the computer
calculated the volume of each parathyroid gland automatically and
then displayed a reconstructed 3D image of the parathyroid gland
with its volume (Fig. 1B). In all, it took approximately 10 minutes to
acquire the US data and calculate the parathyroid gland volume by
using the 30° rotational VOCAL technique.

Postoperatively, the specimen volume was measured using the 3D
method by radiologist B. The specimen was buried in jelly in order
to avoid air and was scanned using the 3D probe (Fig. 1C). The
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scanning dataset was transferred to a personal computer, and the
volume was calculated. The schematic representations of the 2D and
3D measurements and the gold standard of a parathyroid gland are
shown in Fig. 2.

Statistical Analysis

All statistical analyses were carried out using SAS ver. 9.2 (SAS
Institute Inc., Cary, NC, USA). The intraobserver reliability of the
2D and 3D measurements was evaluated by using the intraclass
correlation coefficient (ICC) and Bland-Altman graphical approach.
The absolute percentage error of each imaging technique was
used for comparing the accuracy of the 2D and 3D techniques. The
absolute percentage error was defined as the percentage difference
between the ultrasonographically measured parathyroid volume
and the specimen volume: 100x(|measured vol.-specimen vol.|)/
specimen vol. The Bland-Altman graphical approach was also

Fig. 1. Example of the two-dimensional
(2D), three-dimensional (3D), and
specimen volume measurements in a
61-year-old man with a hemodialysis
history for 22 years, showing the enlarge-
ment of all four parathyroid glands.

A. The volume of the right lower para-
thyroid gland calculated using the 2D
method was 0.40 cm’. B. The volume of
the same parathyroid gland calculated
using the 3D method was 0.42 cm’. C. The
specimen volume was 0.42 cm’.
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used for an easy comparison of the accuracy of the 2D and 3D
measurements.

Results

In all, 15 patients (4 men and 11 women) with sHPT caused by
CRF were enrolled (median age, 52.9 years; mean dialysis time
before parathyroidectomy, 12.3 years). The mean serum iPTH levels
immediately prior to surgery were 213.0 pg/mL (Table 1). The
mean volume of the parathyroid glands on the first and the second
measurement conducted using the 2D ultrasound were 1.22+1.66
(mean+SD, cm’) and 1.23+1.40 (mean=SD, cm’), respectively.
There was no significant difference between the two measurements
(P=0.915) (Table 2). The mean volume of the parathyroid glands
on the first and second measurement conducted using the 3D
ultrasound were 1.26+1.62 (mean+SD, cm®) and 1.25+1.58
(mean+SD, cm’), respectively. There was no significant difference
between the two measurements (P=0.411) (Table 2). The mean
specimen volume of the 40 enlarged parathyroid glands measured
by the 3D VOCAL method was 1.23+1.57 (mean=+SD, cm’).

The 1CC value of the 2D measurement was 0.956, indicating a
reproducibility of 95.6% (Table 3). The Bland-Altman graph shows
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that the difference between the two measurements was -0.01+0.63
(mean+SD, cm’®), and the limits of agreement (mean=1.965D,
cm’) were 1.23 and -1.25 (Fig. 3A). The ICC value of the 3D
measurement was 0.999, indicating a reproducibility of 99.9% (Table
3). The Bland-Altman graph showed that the difference between the
two measurements was 0.01+0.08 (mean=SD, cm®), and the limits
of agreement (mean=1.96SD, cm’) were 0.15 and -0.17 (Fig. 3B).

Table 1. Patient characteristics

Characteristic Value
No. of patients 15
No. of target nodules 40
Sex (M:F) 4:11
Age (yr)? 52.9(19-82)
Dialysis type (PD:HD) 3:12

12.3 (HD 13.24+4.7, PD 9.0+2.0)
1,213.0+827.4
142.2+333

Dialysis duration (yr)
PTH before surgery (pg/mL)
PTH after surgery (pg/mL)

Values are presented as number or mean=+SD.
PD, peritoneal dialysis; HD, hemodialysis; PTH, parathyroid hormone.
IMedian age: male 53.3 yr, female 52.8 yr.

3D measured,---. _--__ Tissue

Parathyroid

gland

Fig. 2. Schematic representations of
the two-dimensional (2D) and three-
dimensional (3D) measurements and the
gold standard of a parathyroid gland.

A. In the 2D method, the anteroposterior
T~ diameter is defined as the longest diameter
N of the perpendicular line against the skin
surface. The mediolateral diameter is defined

3D
volume

~ -
---—’

e 3D \
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as the longest diameter of the nodule
parallel to the skin line. The craniocaudal
diameter is measured on the longitudinal
image and is defined as the longest
diameter of the nodule parallel to the skin
line. B. In the 3D method, the outline of the
parathyroid gland is drawn, and the program
calculates the volume semiautomatically.
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The mean absolute percentage difference of the 2D ultrasound
measurement of the enlarged parathyroid glands was 29.56+17.37
(mean+SD, %), indicating that the mean measurement error of
the 2D method was approximately 30% (Table 3). The Bland-
Altman graph for the accuracy of the first 2D measurement showed
that the difference between the first 2D measurement and the
specimen volume was -0.00+0.41 (mean+SD, cm®), and the limits
of agreement (mean=1.96SD, cm®) were 0.81 and -0.80 (Fig.
4A). The difference between the second 2D measurement and the
specimen volume was 0.00+0.62 (mean=+5SD, cm’®), and the limits of

Table 2. Mean calculated volume and specimen volume of the
hypertrophic parathyroid glands

Paired t test

Parameter Mean+SD (P-value)
2D volume measurement (cm’)
1st measurement 1.22+1.66 0.915
2nd measurement 1.23+£1.40
3D volume measurement (cm”)
1st measurement 1.26+1.62 041
2nd measurement 1.25+1.58
Specimen volume (cm’) 1.23+157

There was no significant difference between the two measurements in the two-
dimensional (2D) and the two-dimensional three-dimensional (3D) methods.

Reliability, 2D

Reliability of 2D measurement
Differences=-0.01+0.63, P<0.001

2 -
___________________ o_..¥1.965D
g +1.23
§ 0 o%p ragos ° Mean
kS ° . ° . -0.01
a I R, S mmmmmm-n-o-1:96SD
-1.25
-2 1
0
Average

A
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agreement (mean=1.96SD, cm’) were 1.22 and -1.21 (Fig. 4B).
The mean absolute percentage difference of the 3D ultrasound
measurement of the enlarged parathyroid glands was 5.78+6.84
(mean+SD, %), indicating that the mean measurement error of the
3D method was approximately 6%. The Bland-Altman graph for the
accuracy of the first 3D measurement showed that the difference
between the first 3D measurement and the specimen volume
was 0.04+0.08 (mean+SD, cm’), and the limits of agreement
(mean1.965D, cm’) were 0.19 and -0.15 (Fig. 4C). The difference
between the second 3D measurement and the specimen volume
was 0.02+0.06 (mean+SD, cm’), and the limits of agreement
(mean=1.965D, cm’) were 0.13 and -0.18 (Fig. 4D).

Table 3.1CC of and mean absolute percentage difference of the
2D and 3D measurements

Mean absolute percentage

Parameter ICC (P-value) difference (meanzD, %) P-value
2D measurement  0.956 (<0.001) 29.56+17.37 <0.001
3D measurement  0.999 (<0.001) 5.78+6.84

Both two-dimensional (2D) and three-dimensional (3D) methods showed good
intraclass correlation coefficient (ICC), but the 3D measurement showed slightly
better ICC. The 3D measurement exhibited significantly higher accuracy than the 2D
measurement.

Reliability, 3D

Reliability of 3D measurement
Differences=0.01+0.08, P<0.001

+1.96SD
+0.15

Difference

Average

B

Fig. 3. The Bland-Altman graph for the reliability of the two-dimensional (2D) and the three-dimensional (3D) methods for measuring

the parathyroid volume.

A. The plots show the two measurements using 2D ultrasound of one operator against their differences. B. The plots show the two
measurements using 3D ultrasound of one operator against their differences. The solid line indicates the mean of the differences between
the measurements, whereas the dotted lines indicate the limits of agreement of the measurements.
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Discussion

In the medical field, accurate and reliable volume measurement of
internal organs is very important. Traditionally, volume has been
measured using the 2D method and such measurement requires
several assumptions. The basic assumption is that the target object

Accuracy, 2D 1st

Accuracy of 2D measurement (1st measurement)
Differences=-0.00+0.41, P<0.001

2 -
11 o o ______#196SD
® +0.810
e &o° Mean
) 4% ° -
g TR, : 0.00
& | 2 e ooo___._.__71.968D
-1 4 ) -0.80
-2
0
Average
A
Accuracy, 3D 1st
Accuracy of 3D measurement (1st measurement)
Differences=0.04+0.08, P<0.001
2 -
14 +1.96SD
9 +0.1 9o
T A S thet Ll tllleletetatatetele Moan -
E ------------------------ 004 -
a -1.96SD
=11 -0.15
-2
0
Average
C
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has an ellipsoidal shape, but most of the organs have an irreqular
shape. Therefore, 3D volume measurement was introduced and has
been actively used in computed tomography (CT) scans. For example,
3D volume measurements of the liver and the renal cortex provide
useful clinical information [15-17]. However, the main drawbacks of
3D measurement using CT scans are radiation hazards and adverse

Accuracy, 2D 2nd

Accuracy of 2D measurement (2nd measurement)
Differences=0.00+0.62, P<0.001

51
_________ S oooo-____1.965D
14 . +1.22
@ 8o °
= 5 % ° ° Mean
[} .
@ 0 ﬁ% ° 0.00
£ °o
a o °
i IO ~1.96SD
-1.21
-2 °
0
Average
B
Accuracy, 3D 2nd
Accuracy of 3D measurement (2nd measurement)
Differences=0.02+0.06, P<0.001
2 -
14 +1.96SD
9 +0.13
S ohepgwresm=Pm-nomnoaaoo- Mean- -
N 02"~
o -1.96SD
=11 -0.18
-2
0
Average
D

Fig. 4. The Bland-Altman graph for the accuracy of the two-dimensional (2D) and the three-dimensional (3D) methods for measuring

the parathyroid volume.

A, B. The plots show the first/second measurements using 2D ultrasound and the specimen volumes against their differences. C, D. The plots
show the first/second measurements using 3D ultrasound and the specimen volumes against their differences. The solid line indicates the
mean of the differences between the 2D measurements and the specimen volume, whereas the dotted lines indicate the limits of agreement

of the measurements.
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effects from iodine contrast agents. The 3D ultrasonographic volume
measurement technique was developed recently, and several studies
have shown that 3D ultrasonographic volume measurement is
accurate and reliable in many organs [4-12]. Further, because of the
easy applicability of US examinations without the use of radiation
and contrast media injection, a 3D US volume measurement is more
attractive than a CT-based measurement.

There are several 3D US volume measurement techniques. We
adopted the 30° rotational VOCAL technique on the basis of
the following previous studies. Kot et al. [12] compared the 3D
parallel planes technique and freehand technique using three
phantoms. Both techniques showed high accuracy and reliability,
but the 3D multiplanar technique (3D parallel planes technique)
was more accurate (accuracy, 81.5%-83.4% vs. 74.7%-84.2%).
Another phantom study compared multiplanar (5-mm interval),
VOCAL (30°) and extended imaging VOCAL (5, 10, 15, and 20
planes) methods [11]. All three methods were reliable and accurate
(average accuracy, 97.11%). Raine-Fenning et al. [18] showed
that rotational VOCAL was superior to the multiplanar method for
irreqularly shaped organs, but there were no significant differences
in measurements among the different rotation angles (VOCAL,
6°, 9°, 15°, and 30°). The relatively high reliability and accuracy
of the rotational technique can be explained by the fact that in
the multiplanar technique, it is difficult to define the starting and
the finishing points for measurement. This problem is overcome in
the rotational technique. Further, Peixoto-Filho et al. [9] revealed
that the use of a 30° rotation step as compared to a 15° rotation
step resulted in a significantly faster evaluation while maintaining
excellent reliability in both cases. To summarize, among the several
3D measurement techniques, the rotational VOCAL technique is
more accurate and reliable than other 3D measurement techniques
such as the 3D parallel planes technique, and the 30°rotational step
is time-efficient for measuring the organ volume while maintaining
sufficient accuracy and reliability. On the basis of these findings, we
selected the 30° rotational VOCAL technique.

In our study, both the 2D and 3D methods showed good
reliability, but the 3D ultrasound volume measurement method
was more reliable than the 2D method. The ICC of the 2D and
3D measurements was 0.956 and 0.999, respectively. The lower
reproducibility of the 2D ultrasound may be explained by the fact
that the volume was calculated by using the ellipsoid equation.
In this equation, subtle variations in the measurements of each of
the three dimensions lead to a large difference in the calculated
total volume. Further, in the 2D measurement, it is difficult to
obtain the same and exact axial and longitudinal planes of the
parathyroid gland on each US examination. However, because the
3D ultrasound volume measurement outlines the parathyroid glands
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and calculates the volume, it provides more reliable volume data. In
practice, when the clinician selects the follow-up imaging modality,
he/she considers the two important points of the modality, namely
reliability and convenience such as time. Thus, our results have
clinical implications, described in the two following points. First,
the 3D ultrasound volume measurement could be a better follow-
up imaging modality in patients with sHPT with respect to high
reliability. Clinically, high reliability is very important in patients with
SHPT for the purpose of evaluating the response to medical therapy.
Depending on the change in the parathyroid volume, clinicians will
adjust the medication dose in order to give the minimum dose to
minimize side effects while ensuring response to the treatment.
Second, the 2D method may be a sufficient tool for the follow-
up of the parathyroid volume with respect to time because it has
a relatively high ICC (95.6%) and takes less time to perform.
Approximately an additional 10 minutes is required for measuring
the volume by using the 3D method.

This study showed that the 3D ultrasound volume measurement is
more accurate than the 2D method. The mean absolute percentage
difference of the 3D and the 2D ultrasound measurement of
the enlarged parathyroid glands is approximately 6% and 30%,
respectively. These results suggest that the volume data from
the 3D measurement could help determine the optimal time for
parathyroidectomy. As mentioned above, if the volume of one or more
parathyroid glands exceeds 0.5 cm’ and medical treatment fails, the
clinician considers parathyroidectomy [3]. Further, the reconstructed
3D images and the volume information of each hyperplastic
parathyroid gland may aid the surgeon to build an image of the target
parathyroid gland. Finally, it could provide more accurate clinical
information about the response to medical treatment.

Our study has some limitations. First, the number of cases that
we examined was small, which prevents us from drawing firmer
conclusions from this preliminary result. Second, there is a problem
with respect to the gold standard. Several previous in vivo studies
revealed the high accuracy of the 3D rotational VOCAL method
using the phantoms that have the gold standard of the volume
[11,12,18]. Ideally, the gold standard for measuring the volume of
the parathyroid gland is the water displacement method by dropping
the specimen into the water. However, in reality, we did not adopt
this method because the specimen could not be perfectly separated
from the fat and the adjacent connective tissues. If the volume was
measured by the water displacement method, it would include the
volume of the non-parathyroid soft tissues. Instead, we measured
the specimen volume after immersing the specimen in jelly, which
provides a different tissue contrast. Although we recognize that
this is not the ideal gold standard, we accept the accuracy of this
technique by using this indirect method.
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In conclusion, the rotational VOCAL method for measuring the
parathyroid gland is more reliable and accurate than the 2D method,
and relatively large-scale studies are required for investigating the
value of this new approach.
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