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Simultaneous Dual-Isotope SPECT Imaging for 
the Detection and Characterization of Parathyroid 
Pathology 
D o n a l d  R. N e u m a n n  

Department of Nuclear Medicine, Division of Radiology, The Cleveland Clinic Foundation, Cleveland, Ohio 

A technique is described involving simultaneous, dual-isotope 
SPECT imaging. Using ~2Sl and 2mTI, a patient study is pre- 
sented, demonstrating the clinical utility of this technique in 
the detection and characterization of parathyroid pathology. 
The use of this technique in other clinical situations is dis- 
cussed, 
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V a r i o u s  imaging methods have been used for the pre- 
operative localization of  parathyroid tumors  in patients 
with hyperparathyroidism. Among  the noninvasive meth- 
ods, several scintigraphic techniques have been employed, 
including variations on the dual-isotope 2°ITI/99mTC sub- 

traction techniques (1-3). Modification of this technique, 
using 123I instead of [99mTC] pertechnetate, has also been 

proposed (4,5). In addition, SPECT 2°~T1 imaging of  the 
neck and chest in search of parathyroid pathology has also 
been reported (6). 

This paper reports the use of  a technique for use in the 
preoperative evaluation of patients with hyperparathyroid- 
ism using a dual-isotope SPECT technique for detection 
and characterization of  abnormal  parathyroid tissue. 

MATERIALS AND METHODS 

Following the oral administration of 300-400 uCi 123I, a 6-hr 
radioiodine uptake is calculated, followed by the intravenous 
administration of 2 mCi 2roT1 with the patient in a resting state. 
After 15 rain, SPECT acquisition of the neck and upper chest is 
performed on a dedicated, three-headed SPECT instrument 
(TRIAD, Trionix Research Laboratory, Inc., Twinsburg, OH). A 
low-energy, all-purpose, parallel-hole collimator was used on each 
detector. Projection data are acquired using both 2°tTl and 1~3I 
energy windows simultaneously, maintaining data from each 
energy window separate. 20% energy windows were centered 
about the ~2sI photopeak and the 2mTl photopeak. Projection 
images are acquired using a 128 x 128 matrix size (pixel width 
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= 3.56 mm). Three hundred sixty degrees of data were collected 
at 4-degree increments for 40 sec per projection. Total patient 
imaging time is approximately 20 min. 

Compensation for the cross-talk contribution of each isotope 
into its non-primary energy window is performed on the projec- 
tion data. This was done using a simple model of the imaging 
procedure, assuming that the counts detected in one energy 
window are a function of the activity of the primary isotope (n~) 
and a fraction (fb) of the non-primary isotope activity (rib). 
The following equations illustrate this model: 

N~ = n. + fbnb Eq. 1 

and 

N2 = fan, +nb, Eq. 2 

where 

Nx represents the number of counts recorded, in energy window 
X. 

na is the number of counts attributed to isotope a, having its 
primary photon emission associated with energy window 1. 

nb is the number of counts attributed to isotope b, having its 
primary photon emission associated with energy window 2. 

f, and fb are the fractional contribution to the non-primary 
energy window attributed to isotopes a and b, respectively. 

Solving for these two simultaneous equations yields: 

N1 -- fbNz 
n. = Eq. 3 

(I - fail,) 

and 

N2 - f,N~ Eq. 4 
nb ( l - f ,  f0"  

The values for fi-,23 and fn-2o, were determined experimentally 
on our instrument using both point sources and distended sources 
(Iowa heart phantom). Planar images on the SPECT instrument 
were collected using 2°tTl and tz3I separately as the isotope source 
in these phantoms. Once the factors fi-~23 and fva-zot were deter- 
mined from this data, validation of Equations 3 and 4 was then 
performed using planar data collected from the distended sources 
containing both :°IT1 and t ~--~I with both energy windows acquired 
simultaneously and placed into two separate data sets. 

On our instrument, the fractional contribution from 2°ITI into 
the ~2Sl energy window was experimentally determined using 
phantoms of distended sources to be 0.08 (fxt-2o0, and that from 
t2sI into the 2°tTl energy window was 0.42 (f~.t.,3). 
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Using Equations 3 and 4 on the projection data on a pixel-by- 
pixel basis, cross-talk compensated projection data are generated, 
resulting in one set of 2°~T1 projections and one set of ~-~-~I 
projections. A Metz filter (7) is applied to each cross-talk com- 
pensated projection, and tomographic reconstruction is per- 
formed using standard convolution-backprojection techniques. 
Two sets of transverse tomograms are produced: one representing 
the tomographic distribution of 2°~TI, and the other representing 
that of ]-'-~I. Sixty-four 128 × 128 transverse tomograms are thus 
produced for each radiopharmaceutical. 

Dual display of identical slices is then performed, reformatting 
the tomographic data into either the transverse, coronal, or 
sagittal plane. Once a representative slice containing normal 
thyroid tissue is displayed, an irregular region of interest is drawn 
around normal thyroid tissue on the ]23I tomogram. An identical 
region of interest is automatically mapped onto the corresponding 
~-°JT1 tomogram. Total counts within these regions of interest are 
used for normalization of the entire set of '23I tomograms, which 
are then subtracted from the 2°~TI tomographic data. This nor- 
malization/subtraction method is described by the following 
equation: 

AF(X, y, Z) = AT1-2o](X, y, z) - ~ .  
RT]-20 ] A]-123(X, y, z), Eq. 5 
RI-123 

where Ax(x, y, z) is the pixel value at coordinate (x. y, z) for either 
isotope x, or resultant image F, and Rx is the total number of 
counts within the region of interest chosen from tomographic 
data associated with isotope x. 

The resultant tomographic images are displayed for interpre- 
tation in any of three major anatomic planes (transverse, coronal, 
or sagittal). 

Case Report 
A 62-yr-old white male, with a long history of end-state renal 

disease secondary to polycystic kidney disease, developed palpi- 
tations and shortness of breath. The patient had been on renal 
dialysis for the last 14 years. Laboratory evaluation at the time 
of presentation revealed hypercalcemia (11.2 mg/dl) and elevated 
serum parathyroid levels (1476 pg/ml) compatible with hyper- 
parathyroidism. The patient had undergone a parathyroidectomy 
procedure several years previously, with surgical removal of four 
parathyroid glands and autotransplantation of one parathyroid 
gland into the left sternocleidomastoid muscle. 

Simultaneous dual-isotope SPECT imaging of the neck and 
upper chest was performed after the oral administration of ]'~3I 
and intravenous administration of 2°~TI. Following cross-talk 
compensation of the projection data, SPECT reconstruction was 
performed followed by normalization and subtraction of the J231 
from the 2°'TI images (Figs. 1 and 2). The resultant set of SPECT 
images demonstrated a region of discrepant uptake of 2°'T1 ad- 
jacent to the inferolateral aspect of the right lobe of the thyroid, 
measuring approximately 3.5 x 3.0 x 2.5 cm in size (Figs. I C 
and 2C). 

A surgical neck exploration was performed, and a parathyroid 
adenoma weighing approximately 8 g and measuring 3.0 x 2.0 
x 1.7 cm was resected from the site identified on the SPECT 
study. No additional parathyroid tissue was found at the time of 
surgery. 

DISCUSSION 

In the preoperative evaluation of  patients with hyper- 
parathyroidism, several techniques have been used in an 

FIGURE 1. A coronal SPECT slice through the neck and upper 
chest of a patient with a surgically proven parathyroid adenoma. 
(A) Coronal 1231 SPECT image. Notice the distribution of the 
radioisotope in normally functioning thyroid tissue. (B) Coronal 
2°1TI SPECT image. The physical location of this slice is identical 
to that of Figure 1A. Activity is seen associated with both the 
parathyroid adenoma and the adjacent thyroid (arrow). Notice 
the myocardial activity on this image (arrowhead). (C) Following 
normalization and subtraction of the SPECT 1231 image data in 
1A from the SPECT 2°1TI image data in 1B, this is the resulting 
image. The area of discrepant 2°1TI accumulation (arrow) located 
inferolaterally to the right lobe of the thyroid corresponded to a 
surgically proven parathyroid adenoma. (D) Same image as Figure 
1 C, with the outline of the functional thyroid superimposed. 

attempt to localize abnormal  parathyroid tissues (1-5). 
The dual-isotope 2°IT1/99mTC subtraction scintigraphic 
technique has been shown to be valuable for localization 
of parathyroid tumors  in patients prior to initial surgery 
or in those with recurrent or persistent hyperparathyroid- 
ism after surgical neck exploration (7-12). Some success 
in identifying parathyroid adenomas  has also been re- 
ported using 123I/2°'T1 subtraction scintigraphy (4,5). 
SPECT imaging using 2°~TI has been reported as a poten- 
tially useful technique to localize parathyroid tumors  as 
well (6). 

This paper describes a method  for the detection and 
characterization of  parathyroid tissue in patients with hy- 
perparathyroidism. Because of  the inherent  three-dimen- 
sional characteristics of  SPECT, this technique allows lo- 
calization of  parathyroid pathology more accurately than 
planar  techniques. SPECT also offers the possibility to 
estimate lesion size in three dimensions,  another advantage 
over planar  methods  (13). These advantages were shown 
in the case report, which demonstrated accurate localiza- 
tion of the parathyroid adenoma.  The lesion size by 
SPECT, however, was 2.6 t imes the actual anatomic  size. 
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FIGURE 2. A transverse SPECT slice through the neck at the 
level of a surgically proven parathyroid adenoma. (A) Transverse 
1231 SPECT image. Functional thyroid activity is seen (arrow). (B) 
Transverse 2°~TI SPECT image. The physical location of this slice 
is identical to that of Figure 2A. Activity within both the parathyroid 
adenoma and thyroid is present (arrow). (C) Following normali- 
zation and subtraction of the ~231 SPECT data from the 2°~TI 
SPECT data, this is a resulting transverse SPECT image, corre- 
sponding to the identical physical location as A and B. The area 
of 2°1TI accumulation (arrow) located laterally to the right lobe of 
the thyroid corresponded to the surgically proven parathyroid 
adenoma. (D) Same image as Figure C, with the outline of 
functional thyroid superimposed. 

This over-estimation may be related to a number of fac- 
tors, including the collimator used during acquisition, the 
spatial filter used during tomographic reconstruction, and 
the threshold used to define the edges of the lesion. 

In conventional dual-isotope parathyroid scintigraphy, 
image data is collected from each of two energy windows 
separately (14,15). If the patient moves significantly be- 
tween the two sets of data collection, artifacts will be 
introduced into the resultant normalization/subtraction 
images that may cause serious problems with interpreta- 
tion. Alignment of the two images prior to subtraction 
may be difficult and if not done adequately, parathyroid 
lesions might be concealed or may even be artifactually 
created, reducing the diagnostic accuracy of this procedure. 
By collecting image data from both energy windows si- 
multaneously, the problem of these types of patient motion 
artifacts is partially circumvented. 

Should the patient move during image data collection, 
the effects of these motions will be introduced into both 
energy windows in an identical fashion. Thus, post-collec- 
tion re-alignment of corresponding images is not necessary 
in the simultaneous, dual-isotope acquisition. Although 
an attempt at minimizing patient motion during image 

data collection should still be made, the artifacts intro- 
duced by imperfect data alignment are avoided. An addi- 
tional advantage of the simultaneous dual-isotope method 
is the fact that total imaging time for the study is consid- 
erably reduced, improving patient tolerance for the pro- 
cedure. 

Because ectopic parathyroid tissue can be found in up 
to 20% of patients either at surgery or at autopsy (16), 
preoperative imaging of the mediastinum in addition to 
pinhole scintigraphy of the neck has been advocated (17). 
The field of view of the SPECT camera used in the present 
study allows evaluation of the neck and upper chest si- 
multaneously. 

Although this simultaneous dual-isotope SPECT tech- 
nique was developed specifically for the evaluation of 
parathyroid pathology, the basic technique might prove 
useful in other clinical situations. This technique, for 
example, might be useful in the identification, localization 
and estimation of size of acute myocardial infarctions 
using 99rnTe PYP and 2°~T1 or ~ In  antimyosin and 2°~T1 
(18). As another example, this technique might also prove 
useful in the evaluation of hepatic abscesses or tumors 
using the combination of 99mTc-sulfur colloid and 67Ga- 
citrate. 

The initial results of this technique for the localization 
and estimation of size of abnormal parathyroid tissue have 
been very encouraging. This technique is now used rou- 
tinely at our institution in the preoperative evaluation of 
patients with hyperparathyroidism. Modifications of the 
technique described in this paper are presently being de- 
veloped to broaden its clinical applications. 
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(continued from page 126) 

SELF-STUDY TEST 
au i 

Gastrointestinal Nuclear Medicine 
ANSWERS 

a possible viral etiology. Nonbacteriat gastroenteritis in humans is fre- 
quently caused by parvoviruses, such as the Norwalk and the Hawai~ 
wruses Histologically lesions are seen in the small intestine, but not in 
the stomach. Impaired gastric emptying of solids but not of Itquids has 
been reported ~n these cases. 

Gastric stasis has been reported with tachygastrJa. It has been pro- 
posed that the abnormal gastric emptying involves the local stimuJation 
by prostaglandins, as suggested by in vitro smooth muscle depolariza- 
tion studies, which have shown normalization of the frequency of 
pacemaker firsng when indomethacin is added to the medium. 

Studies of patients w~th psychogenic vomiting have shown that, on 
a clinical bas~s, it is very difficult to differenttate patients with idiopathic 
gastroparesis from those with the psychological disorder Objective 
documentation of abnormal gastric motility ts needed for diagnostic 
evaluation of such patients. 

The motility of the entire gastrointestinal tract can be affected in systemic 
sclerosis (scleroderma). In patients with early dtsease, this d~sorder ap- 
pears to affect the neuroregutatory control of the gastrointestinal tract 
and ~s manifested by dncoordinat~on of pressure actwity with a decreased 
response of the affected part to stimulat:on. Evidence of gastric involve- 
ment is reported ~n approximately 50% of those with gastrointestinal tract 
involvement. Antral hypomotility is more common when there is also in- 
volvement of other areas of the gut. 

Gastnc stas~s of solids is reported following fundoplication for hlatal 
hernJa with reflux esophagJtis. This is manifested mainly by antral 
hypomotility for the solid component of the meat. 
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terostomy allows large particles to pass rapidly into the small ir ~testine, 
despite decreased gastric motility. The symptoms of cramping and 
fullness are not pnmarily due to retention in the gastric pouch but rather 
to the rapid increase in volume in the small bowel because of the dump- 
~ng of liquids and solids. The sohd particles that accumulate inthe small 
bowel are resistant to hydrolysis and can cause malabsorption and d~ar- 
rhea. Some patients do develop a severe "postsurgical gastroparesis" 
where the proximal stomach appears unable to generate the pressure 
necessary to empty solids desprte the large gastroenteric anastomosis. 
References 
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vasomotor dumping after vagotomy and pyloroplasty Ann Surg 
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FIGURE 1 

90 min 

ITEMS 10-13: Gastric Emptying and the "Dumping Syndrome" 
ANSWERS. 10, T; 11, T, 12, T; 13, F 
When there has been resection of the d~stal stomach, there is decreased 
res=stance to emptying at the large gastroenteric anastomosis. This and 
the decreased "receptive relaxation" of the proximal stomach secon- 
dary to vagotomy are believed to be two of the major factors in the 
development of the postoperative "dumping syndrome." The gastroen- 

Due to a production error, the 90-min image in Figure 
1 of the November 1991 Self-Study Test (p. 2063) was 
printed upside down. The image is pictured correctly 
above. 

Note: For further in-depth information, please refer to the syllabus pages included at the beginning of Nuclear Medicine Self-Study 
Program/: Part I. 
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