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Introduction

Following the first synthesis of 1251-19-iodocholesterol in 19691, visualization of the adrenal glands could be
acheived in dogs with it» and in humans with 1311-19-iodocholesterol®. Consequently the latter agent had re-
ceived considerable publicity in clinical use as an adrenal imaging agent. In 1975, however, a new adrenal
imaging agent, 1311-Adosterol (NCL-6-13'1, 6f-iodo-methyl-19-norcholest-5(10)-en-34-0l-1311) or 131[-NP-59%
was reported and it has been revealed to be a superior agent compared with 1311-19-iodocholesterol.

Although the clinical diagnostic value of these two agents in the assessment of patients suspected of having
Cushing’s syndrome®), aldosteronism”® and pheochromocytoma® was documented, only a few reports have
been published concerning analysis of normal adrenal images'®11 and detailed analysis has not been fully made
in terms of their morphological aspects. In my department, 13'1-19-iodocholesterol was used for a period of ap-
proximately one year from 1973. From 1975 to the present, 1311-Adosterol has been used. Our initial study on
adrenal scintigraphy with 1311-19-iodocholesterol using a diverging collimator revealed the interrelationship of
bilateral normal adrenal radioactivities!?). The diagnostic difficulty with diverging images, however, was en-
countered frequently because of their morphological inferiority. The subsequent effort to obtain more im-
proved adrenal images led us to the use of a pinhole collimator for adrenal scintigraphy?2).

In this paper, the analysis of normal adrenal diverging and pinhole images with 1*11-Adosterol is made in
order to establish the normal adrenal imaging patterns which will be fundamental for the correct interpreta-

tions of various adrenal images.

Materials and Methods

Since February 1975, more than 200 adrenal imagings have been performed on patients with known or sus-
pected adrenal diseases and on normal volunteers. Of these imagings, 80 have been done on 5 normal volun-
teers and 75 patients in whom the subsequent studies (urinary and plasma chemistries, venography, arterio-
graphy and/or CT) revealed no evidence of adrenal diseases. Their adrenal images were reviewed and
analyzed. All individuals received about 16 uCi/kg of body weight of 1311-Adosterol intravenously which was
provided to us by Daiich Radioisotopes Laboratory LTD. , Japan.

The adrenal imaging was performed 5-9 days postinjection to determine the location of each gland by
using a diverging collimator. Each adrenal image was then separately obtained on Polaroid film with the use of
a pinhole collimator, closely applied to the marked point on the patient’s back in prone position (Pinhole
method). Posterior and anterior diverging images were obtained to evaluate the anatomical and radioactive
relationships between both glands, 12-14 days after injection when the hepatic radioactivity had almost disap-
peared (Diverging method). Lateral diverging and/or pinhole images were also obtained in selected subjects in
prone position mainly to determine the adrenal depth. All these images were obtained with preset counts of
22k, using a gammacamera (RC-1C-1205, HITACHI, Japan) coupled with a minicornputer (HITAC 10).

To block the thyroidal accumulation of 311, each patient was administered KI powder 0.3g a day orally,
beginning one day before the tracer injection and continuing 6 days postinjection. Laxatives were administered
to eliminate bowel radioactivity in most subjects.

Presented, in part, at the 19th Annual Mecting of the Japanese Socicty of Nuclear Medicine, Tokyo, Nov, 26 —29, 1979.
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Fig. 1 The method of ROI setting on the smoothing
diverging image (posterior view).
The upper ROIs show the left (A) and right (B)
background regions and the lower ones, the left (L)
and right (R) adrenal regions.

The original diverging images were used to analyze the anatomical and radioactive relationships between
both glands. Also, a semiquantitative analysis was made in 72 subjects by obtaining various count ratios using a
minicomputer as follows: The same sized ROIs of each adrenal region and the background one above it were set
to calculate their counts on the posterior and anterior diverging smoothing displays (Fig. 1).

1. Adrenal region high/low ratio = High A.R.C.*/Low A.R.C.

2. Adrenal P/A ratio =R (L)-posterior A.R.C./R (L)-anterior A.R.C.

3. Adrenal high/low ratios

1) Adrenal high/low ratio on each view = Posterior (anterior) high net counts (A.R.C.—
B.R.C.**)/Posterior (anterior) low net counts (A.R.C.—B.R.C.)

2) Adrenal high/low ratio on both views = High (anterior + posterior) net counts/Low (anterior +
posterior) net counts

* Adrenal region counts, **Background region counts.

The original pinhole images were used to analyze the adrenal morphological aspects. Classification of the
adrenal types were made on each adrenal side, depending upon the outline and inner radioactive distribution.
The longitudinal/transverse ratio was obtainied by measuring the longest longitudinal and transverse diameters
of the adrenal on the pinhole image.

The computer processed displays such as 2 and/or 3 dimentional ones after smoothing was perfomed in se-
lected subjects.

The renal imaging with 9mTc-DMSA and combined renal and adrenal imaging were also performed to

clarify the scintigraphic relationship between them in some subjects.

Results

I. Analysis of normal adrenal diverging images

1) Positional relationship

On the original posterior view, the right adrenal gland was located slightly higher than the left in 55 of the
80 subjects (69%). In the majority of them, the right gland was located 1-3 cm higher than the left. In 24
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Fig. 2 Positional relationship between both glands.
A: right higher image, B: same level image, C: left higher image.

R-higher [ Posterior view ) Right

L-higher 1.5 Nz 15 R-higher
/ . (Anterior view)

4 154
L-higher

Fig. 4 The relationship of the adrenal P/A ratios be-
Fig. 3 The relationship of the adrenal region tween both glands.
high/low ratios between both views.

(30%), the superior borders of the two glands were at the same level and in only 1, the left gland seemed to be
slightly higher than the right (Fig. 2).

2) Radioactivity over the adrenal region

On the original posterior view, the radioactivity of the right gland appeared greater than that of the left in
50 of the 80 subjects (62.5%). In 26 (32.5%), both glands showed nearly the same radioactivity and that of the
left appeared to be greater in only 4 (5%). On the anterior view, both glands showed nearly the same radioac-
tivity in 55 subjects (69%), that of the right gland appeared to be higher than that of the left in 13 and lower in
12. The relationship of the adrenal region high/low ratios between posterior and anterior views is shown in Fig.
3. The right higher ratio was observed in 60 of the 72 subjects (83%) on the posterior view, whereas a higher
ratio was shown in 53 of the subjects (74%), on the anterior view. The posterior right higher ratio was larger
than the anterior one in 35 subjects and was inverted to the left higher ratio on the anterior view in 12. The
posterior left higher ratio was smaller than the anterior one in 5 of the subjects. The relationship of the adrenal
P/A ratios between both glands is shown in Fig. 4. The P/A ratio of the right gland was higher than that of the
left in 52 subjects (72%). These results indicate that in most normal subjects, the decreasing degree of the ad-
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renal radioactivity from the posterior view to the anterior view is greater in the right gland than in the left. This
adrenal radioactive discrepancy between posterior and anterior views can be explained by three possible fac-
tors. The first factor is the difference in depth between the right and left adrenals; the left lateral view in most
normal subjects revealed two hot areas which were partially overlapped (Fig. 5). The posterocephaled hot spot
indicates the right adrenal radioactivity and the anterocaudad one, the left. On the anterior view, the relation-
ship of the distance between each gland and the detector surface is reversed to that on the posterior view. The
second factor is the difference of ¥ attenuation from each gland due to its surrounding organs; the right gland
has no organs behind it, however, the liver, a large parenchymatous organ, exists anteriorly. On the left side,
the left kidney is behind the left gland and the pancreas, a relatively small organ, is located in front of it. These
anatomical relationships have been visualized by CT" (Fig. 6). On the posterior view, the photon attenuation of
131 from the left gland is greater than the right, and on the anterior view, the reverse. The third factor is the
overlapping radioactivity from the liver to the right adrenal. The results mentioned above suggest that both ad-
renal radioactivities on the posterior and anterior image are apparent. Consequently, the author tried to obtain
the true adrenal high/low ratio. Fig. 7 shows the relationship of the adrenal high/low ratios between both
views. On the posterior view, the right higher ratio was observed in 60 subjects (mean; 1.46, range; 1.01-3.47)
and the left higher ratio in 12 (mean; 1.24, range; 1.04-1.64). On the anterior view, the right higher ratio was
observed in 42 subjects (mean; 1.37, range; 1.01-2.73) and the left higher ratio in 30 (mean; 1.29, range;
1.01-2.54). The tendency that the posterior right higher ratio was larger than the anterior ratio or inverted to

Fig. 5 Typical normal adrenal diverging images.
The right adrenal radioactivity is higher than the left one on the posterior view (A), however both
are almost equal on the anterior view (B). The left lateral original (C) and computer-processed (D)
views show the right gland located more posteriorly than the left.
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Fig. 6 Comparison of the posterior adrenal image with the CT.
T'he right adrenal radioactivity is considerably higher than the left one on the posterior view (A). The same patient's
CT at the adrenal level (B) reveals the right gland (arrow) located more posteriorly than the left (arrow head). In addi-
tion, the transverse relationship between each gland and its surrounding organs are clearly demonstrated (see text).
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Fig. 8 Adrenal high/low ratios on both views.
Fig. 7 The relationship of the adrenal high/low ig- 8 Adrenal high/low ratios on both view

ratios between both views.

the left higher ratio on the anterior view and the posterior left higher ratio was smaller than the anterior ratio
was also found in most subjects as was observed in the adrenal region high/low ratios. Although this high/low
ratio on each view is free from the influence of the background radioactivity theoretically, the difference of the
adrenal counts produced by that of the adrenal depth cannot be corrected. To correct it, the sum of each ad-
renal posterior and anterior net counts were obtained. The result of these adrenal high/low ratios on both views
is shown in Fig. 8. The right higher ratio was observed in 51 subjects (71%) and the left higher ratio in 21
(29%). The right higher ratio ranged from 1.01 to .15, with a mean ratio of 1.37 and the left ratio ranged
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Fig. 9 Remarkably asymmetrical normal image and its venographic finding.
The faint visualization of the left gland resulted in remarkably asymmetrical uptake on the posterior view (A). The
adrenal venography revealed normal appearance of the left gland (B).

from 1.01 to 1.41, with a mean ratio of 1.14. The high deviation values were obtained in the right higher
group. Those were due to the low radioactivities of the left glands. The remarkably asymmetrical posterior di-
verging image is shown in Fig. 9.
II. Analysis of normal adrenal pinhole images

1) Morphological classification

Although various types were observed in the normal adrenal images, they were basically divided into oval,
triangular, round and sickle. Fig. 10 shows the left adrenal imaging types. The oval types were subdivided into
the cephalo-pointed (A), cephalo-rounded (B) and pure (C). The former two showed relatively high radioac-
tivity in the upper medial portion of the gland and that of the latter was high in its midportion. The triangular
types were subdivided into two; the regular one (D) whose radioactivity was high in the upper portion and the
cresent one (E) whose medial portion showed higher radioactivity. The last type was the round one (F). Fig. 11
shows the right adrenal types. The triangular types were subdivided into the regular (A) and isosceles (B) one.
The two oval types (C, D) differed in the direction of their longer axes. The other types showed round (E) and
sickle (F) appearances.

2) Frequency and other data

Fig. 12 shows various data concerning the normal adrenal types. On the left side, the oval types were the
most predominant (64 %) followed by the triangular ones (25%). One the right side, the triangular types were
the most predominant (64 %) followed by the oval ones (25%). The longitudinal/transverse ratios of the various
adrenal types were all more than 1.0 except that of one right triangular type which was 0.9. Characteristic
radioactive distributions were observed in both glands respectively. 74% of the left glands showed higher radio-
activity in their upper and/or medial portions. In 76 % of the right glands, the activity was higher in its midpor-
tion and decreased gradually toward the peripheral site. The 90°-rotated 3-dimentional display demonstrated
clearly the appearance of the radioactive distribution in each image (Fig. 10 and 11).

The left lateral pinhole image revealed the posteroanterior relationship between both glands not only more
clearly than the diverging image, but also the condition that each gland lay obliquely from the posterocephalad
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Fig. 10 Types of left normal adrenal glands. See text.
A, B, C: oval types, D, E: triangular types, F: round type. The 90-rotated 3-dimentional display
is shown below each original pesterior view.

to the anterocaudad direction (Fig. 13).

The combined posterior images of each adrenal gland and kidney demonstrated the anatomical relation-
ship between them. Most of the left gland overlapped the medial upper portion of the left kidney, whereas that
of the right one was above the upper pole of the right kidney (Fig. 14).

Discussion

The results obtained by the analysis of normal adrenal diverging images with 131I-Adosterol in this study
are similar to our previous report obtained with 131I-19-iodocholesterol!® and the results reported by Freitas et
al. with 1$1I-NP-5911),

Recognition of the location of both adrenal glands, the right being slightly higher than the left or both at
the same level in a majority of normal subjects may be useful for detection of the abnormality of the adrenal
location due to the adrenal lesion itself or the effect of pressure caused by the extra-adrenal lesions.

High radioactivity of the right gland compared with the left on the routinely used posterior view and its re-
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Fig. 11 Types of right normal adrenal glands. See text.
A, B:triangular types, C, D: oval types, E: round type, F: sickle type.

versal tendency on the anterior view in most normal subjects can be explained by differences in adrenal depth,
attenuation of 3!l from each adrenal due to its surrounding organs and overlapping radioactivity from the
liver. Recent use of computed tomography has made it easy to clarify the transverse anatomical relationship be-
tween each gland and its surrounding organs. The CT findings of normal adrenal glands are also useful for the
explanation of the normal diverging images!3).

The marked variation in the normal adrenal posterior diverging image in this series was due to the faint
image of the left gland. Faint visualization of the left gland with the normal radicactivity of the right does not
always represent left adrenal abnormality itself. Conversely, if the right gland uptake is considerably lower than
the left on the posterior view, the abnormality of either gland is considered a definate possibility.

The result of adrenal high/low ratios on both views in the normal subjects suggest that the left higher ratio
may have the diagnostic value but the right higher one may be less indicative because of the large deviation in
the ratio.

Although the comparison of the radioactivity between both glands is one of the important diagnostic

points, there is the possibility of making a misinterpretation, unless the normal asymmetry mentioned above is
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A. Left adrenal glonds B. Right adrenal glands
Lnngﬂ@r i I;\JngiT.udiruJi!ﬂmDI
Type |Schema |Transverse Ny, of adrenals |Frequency Type |Schema Transverse o, of adrenals |Frequency
Mean |Range (%) Mean |Range (%)
1.9 |12~26] 23 | 1.4 109~23| 29
Trian- 51 6l
gular
Oval 2.0 [15~23] 19 | 51 | 64 2.0 |14~2.7| 22
2.1 [11-25 9 12
Oval ———] 1.8 [14~32 20 | 25
1.3 |LI~L7] 18 8
20 | 25
1.4 [13~15] 2 Round 1.2 [L0~13] 6
or g 1
Round 1.1 0~13 9 9 1 Sickle 1.7 17~18] 3

Fig. 12 Results of normal adrenal pinhcle images.

Fig. 13 Left lateral normal pinhole images. See text.
A: the original image, B: the computer-processed display.

recognized. Furthermore, no radioactive lateralization was seen in some patients with aldosteronomas and ad-
versely, some patients with idiopathic aldosteronism showed asymmetrical uptakes by both glands™. The limita-
tion of the diagnosis which mainly depends upon the radioactive comparison between both glands will be dis-
cussed in detail in Part II.

As the pinhole image has high-resolution, the scintigraphic diagnosis of the adrenal abnormality can be
made depending upon the morphological appearance of each gland rather than the radioactive comparison be-
tween both glands. It is very important to establish the normal pinhole imaging pattern for the correct inter-
pretation. Although the normal adrenal pinhole images were classified tentatively, even the sarne nominal basic
type differed between both glands. The decreased radioactivity in the lower lateral portion of the left gland in
most normal subjects may represent the concave impression produced by the convex surface of the left kidney.
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Fig. 14 Scintigraphic relationship between the adrenal gland and the kidney. See text.
The upper images represent the combined images of each adrenal gland and kidney. The outline
of each kidney at the same imaging position as taken from each combined image is shown below it.

The loose attachment of the right adrenal to the kidney accounts for a homogeneous radioactive distribution
which shows a peak at the midportion of the gland'4.

Consideration of the shape and the radioactive distribution of each normal adrenal gland is very impor-
tant. If one fails to recognize the characteristics of the normal adrenal images, the high radioactivity in the
upper portion of the left may be misinterpreted as an adenoma or the concave decreased radioactive area in its
lower lateral portion and the concave curve of the sickle type of the right, as a space occupying “cold” lesion
such as a pheochromocytoma. Conversely, if a hot or cold area is noted in the portion beside the normally
recognized sites, the possibility of its abnormality is thought to be high. As the longitudinal/transverse ratio of
the adrenal gland was more than 1.0 in almost all normal glands, the ratio below 1.0 could also indicate the
adrenal abnormality.

In my initial experience of the diverging imaging with 131I- Adosterol in normal subjects, the left gland was
visualized faintly 3 days postinjection. The right, however, could not be detected because of the hepatic over-
lapping radioactivity. Both glands were visualized from 5 or 6 to 14 days (the end of the follow-up imaging)
postinjection. Therefore the Pinhole method was performed 5-9 days according to the patient’s circumstances.
If the early imaging could not provide good quality images, the reimaging was performed 2 days after it. In
most normal subjects, each gland was visualized most clearly in the 7-9th day. Although the imaging time of
each gland differed depending upon the period after the injection, the administered dose of the tracer, the
depth from. the tip of a pinhole collimator to the adrenal and its uptake dose, it was in the range of 10 to 20



996—(66) HAREZRMHRESERE $4E $10%

minutes and the lef: gland usually required a slightly longer imaging time than the right. Both adrenal imaging
times ranged approximately from 20 to 40 minutes. Although it is a long time, this is not an essential problem
because the purpose of the examination is to obtain the detailed information necessary to make the correct
diagnosis.

Despite the fact that a pinhole collimator has been used routinely for thyroid imaging and its superiority
was documented!$)19), this collimator has not been widely used for adrenal imaging. There are two reasons for
this: The first one is the prolonged imaging time due to the low adrenal uptake (mean; 0.16%, range;
0.07-0.26% /normal gland by an external counting method!)) compared with the uptake of iodine by the
thyroid. The second one is the difficulty in collimating the adrenals. If a more superior adrenal imaging agent
appears in the future, the disadvantage of the Pinhole method will be overcome.

Conclusion

The adrenal diverging and pinhole images with 1%i1-Adosterol in 80 subjects with no evidence of adrenal
diseases were analyzed to establish the normal adrenal imaging patterns.

The results obtained from the analysis of the diverging images were as follows:

1) The right gland was located higher than the left in 69% of the subjects and in 30% both adrenals were
located at the same height. In only one subject, the left adrenal was slightly higher than the right.

2) On the posterior view, the right higher asymmetrical uptake was observed in most subjects (62.5%),
whereas the symrmnetrical uptake was most frequently (69%) seen on the anterior view. This discrepancy could
be explained by differences in depth, photon attenuation and hepatic overlapping radioactivity between both
glands.

3) The adrenal high/low ratio on both views, semiquantitative comparison between both adrenal radio-
activities, showed a higher deviation in the right higher group (mean; 1.87, range; 1.01-8.15) than in the left
higher one, however, its deviation was small (mean; 1.14, range; 1.01-1.41). The high deviation values were
due to the low uptake of the left glands.

The results obtained from the analysis of the pinhole images were as follows:

1) Although the scintigraphic morphology differed essentially between both glands, the left glands were
basically divided into oval (64%), triangular (25%), and round (11%) types, whereas the right glands were
divided into triangular (64 %), oval (25 %) and round or sickle (11%) types.

2) The inner radioactive distributions of both glands were characteristic respectively. In 74% of the sub-
Jects, the left gland showed higher radioactivity in its upper and/or medial portion, and the radioactivity of the
right was higher in its midportion and decreased toward its peripheral region in 76 %.

According to these results, the important points on interpretation of the adrenal images were discussed.
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