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OBJECTIVE. The purpose of this study was to evaluate the correlation between spectral
wave analyses by measuring the resistive index and serum intact parathyroid hormone (iPTH)
concentration in primary hyperparathyroidism.

SUBJECTS AND METHODS. From March 2008 to April 2012, 46 consecutively reg-
istered patients underwent color and spectral Doppler ultrasonography for determination of
vascularity and vascular resistance of parathyroid adenoma. The color Doppler sonographic
findings were compared with methoxyisobutylisonitrile (MIBI) scintigraphic findings, serum
iPTH concentration, and the volume of the gland.

RESULTS. The mean resistive index in parathyroid adenoma was 0.69 = 0.12. The study
showed a strong negative relation between resistive index and serum iPTH concentration. There
was a significant negative relation between the volume of the gland and the resistive index.

CONCLUSION. There is a relation between degree of perfusion in parathyroid adeno-
ma and serum iPTH concentration. Resistive index may be an objective alternative parameter
for determining the vascularity of adenoma for monitoring of response to alcohol ablation

therapy and medical management.

rimary hyperparathyroidism is the
third most common endocrine
disease after diabetes mellitus and
thyroid disease [1], and parathy-
roid adenoma is the most common cause of
primary hyperparathyroidism [2]. Sonography
and methoxyisobutylisonitrile (MIBI) scintig-
raphy are the routine standard imaging mo-
dalities in the preoperative evaluation of para-
thyroid adenoma and hyperplasia, but both
techniques have low specificity in the diagnosis
of parathyroid adenoma [3]. Color Doppler so-
nography has been used successfully and is a
valuable adjunctive technique in preoperative
localization of parathyroid adenoma [4, 5].
Color Doppler sonography shows the rich cap-
illary network of parathyroid adenoma. Dif-
ferent parenchymal flow patterns of parathy-
roid adenomas have been reported, including
no flow, spot of fire, central vascularity, pe-
ripheral vascularity (ring), and combined cen-
tral and peripheral vascularity [5]. To our
knowledge, the relations between findings at
Doppler spectral wave analysis, biochemi-
cal profiling, and MIBI scintigraphy of pri-
mary hyperparathyroidism have not been
evaluated extensively [6, 7].

The main purpose of this study was to evalu-
ate the relation between resistive index and
serum intact parathyroid hormone (iPTH)
concentration in primary hyperparathyroidism.
The color Doppler vascular pattern of parathy-
roid adenoma changes with medical and alco-
hol ablation treatment, but it is a subjective in-
dex. Clarification and quantification of degrees
of perfusion by measurement of resistive index
and its relation to serum iPTH concentration
may yield alternative parametric data for moni-
toring the response of parathyroid adenoma to
alcohol injection therapy.

Subjects and Methods

From March 2008 to April 2012, 46 consecutive-
ly registered patients (10 men, 36 women) with pri-
mary hyperparathyroidism underwent color Dop-
pler sonography and *™Tc MIBI scanning before
parathyroidectomy by traditional unilateral neck
dissection. Primary hyperparathyroidism was diag-
nosed when iPTH concentration was elevated or at
the high end of the normal range and accompanied
by elevated total or ionized calcium concentration.

We prospectively evaluated the sonographic data
and compared them with postoperative histopatho-
logic results as the reference standard method of de-
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Fig. 1—39-year-old woman with primary hyperparathyroidism. Spectral
Doppler sonogram shows blood flow with low resistance (resistive index, 0.6) to

parathyroid adenoma (arrow).

termining the diagnostic accuracy of imaging mo-
dalities in the diagnosis of parathyroid adenoma.
Blood calcium, phosphate, and iPTH were mea-
sured by immunoassay within 72 hours before the
ultrasound examination. Ethical approval was ob-
tained from institutional review board and our uni-
versity ethics committee.

Color Doppler sonography was performed to de-
termine the vascularity of all parathyroid adenomas.
A single radiologist with 7 years’ experience per-
formed all of the ultrasound examinations (Nemio
30 system, Toshiba) with a high-frequency (11 MHz)
linear array transducer. The patients were supine
and the neck hyperextended for ultrasound scanning
from the level of the mandibular angle to the ster-
nal notch. All of the ultrasound examinations were
performed before the **™Tc MIBI scanning results
were available. The upper mediastinum was evalu-
ated with a 4-MHz curved probe when necessary.

The parathyroid gland volume measurement was
determined with the ellipsoid formula 0.52xyz with
diameters x, y, and z in the three orthogonal planes.
Both transverse and sagittal images were obtained.
Postoperative histopathologic examination was
considered the reference standard confirming test
for the study. Color Doppler sonography was per-
formed with the Doppler parameter set to detect the
vascularity of a parathyroid adenoma. The color set-
tings were optimized in each patient to avoid alias-
ing and color bleed over the vessel wall. For objec-
tive evaluation of tissue perfusion, we used spectral
Doppler sonography (Figs. 1 and 2) to measure the
resistive index (RI) of the arterial supply to each
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PS5V -53.91cm/s
EDV -26.95cm/s
sTAMV -21.14cm/s
TAPV -40.22cm/s
PGmean 0.67mmHg
PGmax 1.16mmHg
S/D 2.00

D/S 0.50

RI 0.50

PI 0.67

Fig. 2—34-year-old woman with primary hyperparathyroidism. Spectral
Doppler sonogram shows blood flow with low resistance (resistive index, 0.5) to

parathyroid adenoma (arrow).

adenoma within the gland according to the formula
RI=(WV, -V IV

max min max’

where V is velocity. The
color settings were optimized to avoid aliasing and
color bleed over the vessel wall.

In ®™Tc MIBI scintigraphy, anteroposterior thy-
roid gamma camera images of the neck and upper
part of the thorax were acquired for 5 minutes 20
minutes after IV administration of **™Tc pertech-
netate (20 mCi). The images were obtained with
patients supine. Scans were then acquired 15 min-
utes (thyroid phase) and 120 minutes (parathy-
roid phase) after IV administration of 15-20 mCi
of %"Tc MIBI. The images were obtained with a
single-head gamma camera (ADAK, Epic) over 10
minutes with a pinhole collimator. The MIBI scan
was considered positive for parathyroid lesions
when an increase in uptake was detected in the thy-
roid phase. Technetium 99m-labeled MIBI SPECT
was performed 20-30 minutes after IV injection of
the radiotracer, and the images were reconstructed
to produce 3D projections. SPECT was performed
in a full anterior (180°) view as 32 frames at 30 sec-
onds per frame. Focal increased uptake in the para-
thyroid site was considered a positive finding.

Statistical analysis was performed with SPSS
statistical analysis software (version 16, SPSS).
Continuous variables were reported as mean + SD
and categoric variables as frequencies. Because the
distribution of PTH and volume was not normal, a
nonparametric Spearman test was used for evalua-
tion of the correlation between patient biochemical
data, gray-scale ultrasound volume measurement,
and Doppler index values. One-way analysis of

variance, chi-square test, and a multivariate linear
model were used for the evaluation of variables.

Results

All 46 patients (female-to-male ratio, 3.6:1;
mean age, 50.57 + 12.53 years) with primary
hyperparathyroidism underwent surgery at our
university hospital. Skeletal involvement, es-
pecially bone pain, was the most common pre-
senting symptom (73% of the patients). Bone
pain and limb claudication due to a giant brown
tumor in the iliac wing were the presenting
symptoms in two patients. Renal calculi, in-
cluding nephrocalcinosis, were present in 46%
of the patients. Proximal muscle weakness was
seen in 44%. No patient had psychiatric symp-
toms or obvious neurologic problems. Three
patients had gastrointestinal symptoms such as
nausea, vomiting, and constipation, and intrac-
table vomiting was the major presenting symp-
tom in one man. Parathyroid adenoma was not
palpable at careful examination.

The mean preoperative serum calcium con-
centration was elevated (11.44 + 1.03 mg/
dL; range, 10.6-17 mg/dL), and the patients
had low inorganic phosphorus concentrations
(2.18 £ 0.66 mg/dL). The mean postoperative
serum calcium concentration was 8.4 + 1.16
mg/dL. The mean preoperative serum iPTH
concentration was 521.46 + 514.45 pg/mL
(range, 80-2000 pg/mL), and the mean post-
operative serum iPTH concentration was 57 +
6.2 pg/mL (range, 34-64 pg/mL). The mean
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Fig. 3—Graph shows
correlation between
resistive index of
parathyroid adenoma
per patientand serum
intact parathyroid
hormone concentration
for each patient.
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Resistive Index

volume of parathyroid adenomas was 2.01 +
1.99 cm? (range, 0.2-7.5 cm®).

The mean resistive index in parathyroid
adenoma was 0.69 + 0.12. Our study showed
a strong negative correlation between resis-
tive index and serum iPTH concentration
(r = -0.85, p < 0.0001). There was a signifi-
cant negative correlation between volume of
the gland and resistive index (r = -0.46, p =
0.002). The correlation between serum iPTH
concentration and resistive index was a linear-
in-fitted regression line, and at lower resistive
index values, serum iPTH increase showed lin-
ear regression (Fig. 3).

The mean resistive index value in MIBI-
positive adenoma (0.66 + 0.11) was signifi-
cantly lower (p = 0.02) than the MIBI-negative
adenoma value (0.75 = 0.1). We also found a
positive correlation between the volume of para-
thyroid adenoma and serum iPTH concentration
(r=0.35, p < 0.035). There was a significant
difference between serum iPTH concentrations
between MIBI-positive (660 + 530 pg/mL) and
MIBI-negative (222 + 146 pg/mL) adenomas
(p =0.025), but the mean volume of parathyroid
lesions did not exhibit significant differences
between MIBI-positive (2.38 + 2.09 cm?) and
MIBI-negative (1.7 + 1.78 cm?) adenomas.

Discussion

Primary hyperparathyroidism mostly oc-
curs between the ages of 40 and 60 years [8,
9]. Yu et al. [10] found that patients with pri-
mary hyperparathyroidism are at increased
risk of all-cause mortality and cardiovascular
mortality even when they have mild untreat-
ed primary hyperparathyroidism. The parathy-

W320

roid glands are composed of three cell types.
The first is chief cells, which secrete PTH.
The second is oxyphil cells, which are packed
with mitochondria; their function is unknown.
The third cell type is transitional oxyphil cells
mixed with adipose tissue [11].

The mean age of the patients in this study
agreed with that in previous studies [12-16].
According to our latest search, the mean para-
thyroid adenoma gland size and serum iPTH
concentration in patients with primary hy-
perparathyroidism in our study agreed with
those of studies in Asia and South Ameri-
ca [15, 17-20] but was at least two or three
times as great as that in studies conducted in
the United States and Europe [21, 22]. Nich-
ols et al. [22] found that the mean weight of
all resected parathyroid adenomas was 1.14 +
2.29 g. Tomas et al. [21] found that the mean
weight of parathyroid adenomas was 840 mg.
We believe that the main source of the differ-
ence was that almost all of our patients had
symptomatic hyperparathyroidism.

We found a correlation between serum
iPTH concentration and sonographic estima-
tion of the volume of parathyroid adenomas.
Our results contrast to those of a study [15,16]
that did not show a correlation between se-
rum iPTH concentration and weight of the
parathyroid glands. Our results, however, are
in agreement with those of Kakuta et al. [23],
which showed a correlation between serum
iPTH concentration and weight of the para-
thyroid glands. Those authors found that the
volume of parathyroid glands at ultrasound is
a good indicator of weight: Larger glands se-
crete more whole iPTH per gland.

Technetium 99m-labeled sestamibi mol-
ecules are distributed in the body through
blood flow and cross the cell membranes by
passive diffusion. Theses molecules usually
are concentrated intracellularly in the region
of the mitochondria [24]. This process makes
the mitochondria-rich oxyphil cells of para-
thyroid adenoma more readily detectable.
The exact mechanism of this elective uptake
in abnormal parathyroid glands remains de-
batable, but among the various factors, hy-
pervascularity and mitochondrial richness of
the parathyroid oxyphil cells are significantly
related to positive MIBI uptake [25].

The factor most commonly attributed to
false-negative MIBI scan results is the size of
the parathyroid gland. Smaller glands are less
likely to be detected than are larger glands. The
degree of radiotracer uptake in parathyroid
adenomas depends on differences in perfusion
and metabolic activity, oxyphil cell content,
and P-glycoprotein expression [26, 27].

According to our results, there is a sig-
nificant negative correlation between se-
rum iPTH concentration and resistive index,
meaning that parathyroid glands with a lower
resistive index secrete more iPTH than do ad-
enomas with highly resistive blood flow. As
a result, severe hyperparathyroidism due to a
hyperfunctioning adenoma may be associat-
ed with more blood flow than mild hyperpara-
thyroidism. Our results are in agreement with
those of a study by Ozcan and Oktay [7].

According to our results, the significant
negative correlation between the resistive in-
dex of parathyroid adenoma and serum iPTH
and MIBI results reveals that hypervasculari-
ty and degree of adenoma perfusion may play
an important role in oversecretion of PTH or
adenoma that is detectable on MIBI scans. In
our study, there was a negative correlation
between resistive index and volume of the
gland, but there was not a significant differ-
ence in gland volume between MIBI-positive
and MIBI-negative parathyroid adenomas.
Ozcan and Oktay [7] found that Doppler in-
dexes such as pulsatility index, resistive in-
dex, and the ratio of peak systolic velocity
to end-diastolic velocity were not in good
correlation with volume and iPTH concen-
tration. Those investigators found that there
was a positive correlation between iPTH
concentration and total flow volume output
of enlarged glands in secondary hyperpara-
thyroidism. According to our study results,
quantification of perfusion by resistive index
value may yield parametric data for monitor-
ing the response of enlarged glands to medi-
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cal and ablation therapies. Medical and per-
cutaneous ethanol injection therapies can alter
the vascular color Doppler patterns of parathy-
roid adenoma [7]. Color and spectral Doppler
sonography can be used for identification and
follow-up of response to therapy of abnormal
glands [7].

Our study had three limitations. First, larger
series of patients are needed to verify our results
in assessing resistive index in the treatment of
patients with primary hyperparathyroidism.
Second, volume estimation of parathyroid ade-
noma was performed sonographically, and
small parathyroid and ectopic adenomas can
be overlooked in this way. Third, color Dop-
pler sonography is an operator-dependent pro-
cedure that requires experience for minimiz-
ing variability in results.

Conclusion

Serum iPTH concentration negatively cor-
relates with the resistive index of parathyroid
adenomas in primary hyperparathyroidism.
The degree of perfusion as assessed by resis-
tive index in parathyroid adenoma may play an
important role in secretion of PTH. These data
may be useful in the medical and alcohol abla-
tion management of primary hyperparathyroid-
ism as an adjunctive and objective method in
assessment of response to treatment.
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