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Purpose: Primary aldosteronism (PA) is mainly comprised of aldosterone-producing ade-
noma and bilateral idiopathic adrenal hyperplasia. Current guidelines recommend adrenal
venous sampling (AVS) as a gold standard method to classify the subtypes. However,
because of technical challenges in AVS including invasiveness of AVS and a wide range
of success rate for cannulation, it is not uncommon that appropriate decisions could not be
made depending on AVS. The aim of this study is to elucidate the proper role of
[-131-6B-iodomethyl-norcholesterol (NP-59) scintigraphy in management of PA.

Patients and Methods: Between January 2009 and October 2018, patients with PA were
retrospectively reviewed for the study. Five patients were included in the study who had NP-59
scintigraphy with non-conclusive AVS results or without AVS. We described the clinical out-
come of patients in whom clinical decisions were made according to NP-59 scintigraphy results.
Results: Patients in the presenting cases were diagnosed for PA. AVS, the most reliable test
to identify unilateral APA, were not applicable because of hypersensitivity to contrast dye
(patient 1), and use of antiplatelet agents after acute cerebral infarction (patient 2). NP-59
scintigraphy was performed in patients 3 and 4 whose result of AVS and CT scan were
inconsistent. In patient 5, who had bilateral adrenal adenomas (two in the left and one in the
right adrenal gland), both unsuccessful catheterization and coexistence of cortisol over-
production made AVS results unreliable.

Conclusion: Based on clinical outcomes of these case series, it is noticeable that NP-59
scintigraphy could play a substantial role in management of PA in selected cases.

Keywords: hyperaldosteronism, angiography, aldosterone, radionuclide imaging

Introduction

Primary aldosteronism (PA) is a common cause of secondary hypertension (HTN)
consisting of about 5-10% of subjects with hypertension.' ™ Prolonged exposure to
excessive aldosterone in PA could cause cardiovascular or renal damage. In addi-
tion, cardiovascular morbidity and mortality rates were higher in subjects with PA
than in subjects with essential HTN, despite similar blood pressure (BP) levels.’
Thus, the early diagnosis and appropriate treatment of PA are crucial to prevent its
associated sequelae.
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PA is mainly categorized into aldosterone-producing
adenoma (APA) and bilateral idiopathic adrenal hyper-
plasia (BAH), which can be managed by surgical
removal and medication, respectively.® Surgical cure
rates of APA were reported to be 30-60%.” In BAH,
a mineralocorticoid receptor antagonist is considered as
the treatment of choice. As the treatment is completely
different depending on the subtypes, discrimination of
subtypes of PA is essential for adequate management.
The clinical practice guidelines of the Endocrine
Society suggest adrenal computed tomography (CT)
scan as the initial image approach after screening for
(ARR).®
Although a CT scan can exclude the large adrenal mass

PA with plasma aldosterone/renin ratio
that is suggestive of adrenocortical carcinoma, it has
relatively low sensitivity and specificity for detection of
an APA.” Furthermore, CT scans cannot distinguish an
APA from a nonfunctioning incidentaloma, which can
coexist with bilateral BAH.'® Currently, adrenal vein
sampling (AVS) has been advocated as the gold standard
for differentiation of APA from BAH. Despite the high
sensitivity and specificity of AVS, the procedure is inva-
sive and technically challenging. The rate of successful
bilateral renal vein cannulation was reported as in a wide
range from 42-98%."" Thus, a supplementary diagnostic
tool for the differentiation of PA subtypes is still
required, especially for cases in which AVS could not
be performed or where AVS results are inconclusive,
including unsuccessful cannulation.

1-131-6B-iodomethyl-norcholesterol (NP-59) scintigra-
phy with dexamethasone suppression was introduced for
adrenal cortex imaging.'”> NP-59, a radiolabeled choles-
terol analog, is a good marker of adrenal cholesterol
uptake. With dexamethasone suppression, NP-59 scintigra-
phy has been suggested as a supplementary tool for the
functional localization of PA.'? Currently, it is not fre-
quently performed or recommended for the management
of PA due to its limited resolution. In fact, NP-59 scinti-
graphy has shown low sensitivity for the detection of
APA.° Nonetheless, NP-59 scintigraphy still remains clini-
cally useful because AVS is sometimes insufficient to
make a clinical decision.

In this study, we aimed to present the outcomes of PA
patients for whom clinical decisions were made based on
NP-59 scintigraphy and to elucidate a complementary role
of NP-59 scintigraphy to AVS in patients who were either
contraindicated to AVS or whose AVS results were
inconclusive.

Patients and Methods

Subjects

Patients with PA who had undergone NP-59 scintigraphy
between January 2009 and October 2018 were retrospec-
tively reviewed. PA was diagnosed on the basis of the
results of the ARR and saline loading test. After the
exclusion of patients with conclusive AVS results, five
patients were included in the study.

Hormone Assay for Screening and

Confirmative Diagnosis

Plasma aldosterone concentration (PAC) (SPAC-S
Aldosterone Kit; Fujirebio, Tokyo, Japan) and cortisol
concentrations (Cortisol RIA kit; Shizuoka, Japan) were
measured using a radioimmunoassay kit. The ARR was
calculated by dividing the plasma aldosterone concentra-
tion by plasma renin activity. A combination of the ARR
greater than 20 and the plasma aldosterone greater than 15
ng/dL suggests PA.*'*'* The diagnosis was confirmed by
non-suppressed aldosterone after 2 L of 0.9% saline infu-
sion over 4 hours starting at 8:00 AM. Patients stayed in
the supine position during the intravenous saline loading.
APC and renin were measured at baseline and after 4
hours, together with BP. PA was confirmed if post-saline

loading PAC was greater than 5 ng/dL.*

AVS (Adrenal Venous Sampling)

AVS was performed by a single interventional radiologist
who had experience of over 10 years in interventional
vascular procedures. To avoid diurnal fluctuations, AVS
was performed in the morning. Synthetic tetracosapeptide
(cosyntropin, 250 mg) was injected intravenously for even
stimulation of aldosterone and cortisol secretion. Catheters
were located at the inferior vena cava (IVC) and the right/
left adrenal veins to obtain blood samples simultaneously.
Samples were acquired at 10 and 20 minutes after admin-

istration of a bolus dose cosyntropin. '’

Preparation Before NP-59 Scintigraphy
and NP-59 Scintigraphy Procedures

Seven days before and 5 days after NP-59 intravenous
injection, 4 mg/day of oral dexamethasone (1 mg, 4 times
daily) was given to patients to suppress the cholesterol
uptake in normal adrenal glands. Lugol’s solution was
given though oral route for 10 days (from 2 days before
injection of radiotracer) to block uptake of free I-131 in the
thyroid. Then 37 MBq (1 mCi) of NP-59 was intravenously
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injected. A whole body scintigraphy was obtained 72, 96,
and 120 hours after radiotracer injection. Single-photon
emission computed tomography (SPECT) was performed
on the fourth or the sixth day after injection.'®

Definition of Clinical Outcome After

Adrenalectomy

The outcome was assessed 3 months after adrenalectomy.
Due to limited data availability, the final clinical outcome
was evaluated based on the clinical components, including
BP and medications, which were suggested by the Primary
Aldosteronism Surgical Outcome study.!” Complete clinical
success was defined when patients showed a normal BP
without any antihypertensive medications. Partial clinical
success was defined as a reduction in BP levels or maintain-
ing the same BP levels before the therapy under the same or
a reduced dose of antihypertensive agents. Absent clinical
success was when patients showed no clinical improvement.

Results

Characteristics of Cases

Table 1 showed the characteristics of cases included in the
study. Median follow-up duration was 5.0 months
(range=2.5-39 months). Postoperative histologic results
presented adrenal cortical adenomas in all five patients.

Case |

A 61-year-old female who presented refractory HTN (sys-
tolic BP (SBP) >160 mmHg), despite multiple antihyperten-
sive medications for many years, was referred in order to
evaluate the secondary cause of HTN. From the results of
PAC (29.6 ng/dL), plasma renin activity (PRA) (0.01 ng/
mL/h), and an ARR exceeding 30, PA was suggested.
Confirmative diagnosis for PA was induced from the saline
loading test which was shown as non-suppressed production
of aldosterone (10.96 ng/dL). An adrenal CT scan showed
a 1.3 cm-sized mass in the right adrenal gland. However, she
had experienced a hypotensive event causing near syncope
during adrenal CT scanning using contrast dye. Because of
hypersensitivity to contrast dye and patient’s refusal, AVS
could not be performed. Instead, NP-59 scintigraphy was
performed to evaluate the functional status of the adenoma
found in an adrenal CT scan. A hot spot was observed in the
right supra-renal area on 96-hour images. It became more
intense and discrete on the 120-hour images than prior
images. According to NP-59 scintigraphy results, she had
right adrenalectomy. The patient showed partial clinical

Table | Patients’ Characteristics

Clinical Outcome

Partial success
Complete success
Complete success
Partial success

Complete success

Postoperative findings

ARR
21.3
9
None
None

265.0

Cr
0.98
0.77
0.76
9

1.07

2L P2

2

Histology

Adenoma
Adenoma
Adenoma
Adenoma

Adenoma

NP-59 ScintiGraphy (Location)

R
R
L
R

AVS results

Bilateral hyperplasia

Not available
Not available
Not conclusive

Not conclusive

Adrenal CT (Location, Size)

R, 1.3cm
R, 2.7cm
L, 1.5cm
R, 1.5cm

R, 1.3em L, 3.0/1.7cm

Preoperative

ARR
2960.0
1200.0
60.1
1987.0

4968.6

Cr

0.87
0.54
1.03
0.87

0.90

K

4.0
23
1.6

1.9

HTN, Years
20
3
13
8

Sex

F
f
i
.

E

Age

60-69
50-59
50-59
50-59
30-39

No

|
2
3
4

5

with duration (years).

Abbreviations: F, female; HTN, hypertension; K, potassium (mEq/L); Cr, creatinine (mg/dL); ARR, aldosterone-to-renin ratio; CT, computed tomography; R, right; L, left; BP, blood pressure (mmHg).

Notes: Complete success, a normal blood pressure without any antihypertensive agents; Partial success, a reduced dose of antihypertensive agents. Hypertension was presented
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success. BP was well controlled without hypokalemia,
though spironolactone was reduced from 75 mg to 12.5 mg
after surgery. She was planned to stop spironolactone during
follow-up, but was not followed up thereafter.

Case 2

A 54-year-old female who presented with dysarthria was
diagnosed with acute cerebral infarction at the left basal
ganglia. She was treated with antiplatelet agents after
thrombolytic therapy. High BP (SBP and diastolic BP
[DBP]; 224/149) and hypokalemia (2.1 mEqg/L) were evi-
dent at presentation. PAC (60.0 ng/dL), PRA (0.05 ng/mL/
h), and ARR (1,200) were suggestive of PA. As her DBP
was above 100 mmHg, despite taking antihypertensive
agents, and she was in the acute phase of cerebral

infarction, the saline loading test, which could cause
a steep increase in BP, was avoided. On the adrenal CT
scan, a 2.7 cm-sized mass was detected in the right adrenal
gland (Figure 1A). For the identification of PA subtypes,
NP-59 scintigraphy was applied instead of AVS to avoid
the risk of bleeding due to antiplatelet therapy. NP-59
scintigraphy displayed an intense uptake on 72-hours
images, which became more intense and discrete on 96-
hour images, corresponding to the right adrenal gland
lesion detected in the CT scan (Figure 1B). This patient
underwent right adrenalectomy based on NP-59 scintigra-
phy and adrenal CT scan results.

The patient achieved complete clinical success after
adrenalectomy. The potassium levels remained within

the normal range without potassium supplements.

Figure | lllustrative example of adrenal images. (A) A 2.7 cm-sized mass of right adrenal gland (arrow) on adrenal CT scan in a 54-year-old female with hypokalemia and
hypertension; (B) hot uptake (arrow) on 96-hour posterior image of NP-59 scintigraphy corresponding to (A). (C) Remaining right adrenal mass (arrow) on adrenal CT scan after
left adrenalectomy in a 3|-year-old female with bilateral adrenal mass. (D) Hot uptake (arrow) image of NP-59 scintigraphy with SPECT/CT which is a consistent lesion in (C).
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Case 3

A 54-year-old female was referred due to an adrenal
incidentaloma. She had HTN, hypokalemia (3.3 mEq/L),
and a 2.0 cm-sized left adrenal mass on adrenal CT scan
without evidence of adrenal thickening on both sides. PA
was suggested from PAC (32.4 ng/dL), PRA (0.54 ng/mL/
h), and ARR (60.1). PAC was not suppressed (14.7 ng/dL)
in the saline loading test. Catheterization of bilateral adre-
nal veins was successful based on the ratio of cortisol
concentration for each adrenal vein and IVC. In the later-
alization index (2.6 after ACTH stimulation) using aldos-
terone per cortisol (AC) ratio of the left (dominant side)
divided by AC ratio of the right (non-dominant side), BAH
was suggested (less than 3).'* In contrast, when the AC
ratio of the non-dominant side was divided by AC ratio of
the IVC (0.38 after ACTH stimulation), the results favored
an APA in the left adrenal gland (less than 1). As contra-
dictory results were observed between adrenal CT scan
and AVS, NP-59 scintigraphy was planned. An active
lesion in the left adrenal gland on the 72- and 96-hour
images was shown, which was concordant with adrenal
CT findings. Adrenalectomy of the left adrenal gland was
performed and patient 3 achieved complete clinical suc-
cess after adrenalectomy.

Case 4

A 56-year-old female was referred for severe hypokalemia
(1.6 mEqg/L) and paralysis. She had resistant HTN despite
three types of antihypertensive medications including thia-
zide. PAC was 119.2 ng/dL, PRA was 0.06 ng/mL/h, and
ARR was 1,987. PAC measured in saline loading test was
60.8 ng/dL. A 1.5 cm-sized adrenal mass was detected in
the right adrenal gland on adrenal CT scan. However,
BAH was suggested on the first AVS result. The laterali-
zation index after ACTH stimulation was 2° and contral-
ateral suppression index was 1. BAH was suggested
according to the results of AVS. Potassium replacement
and aldosterone antagonist were prescribed on the basis of
the AVS result. However, there was no correction of
hypokalemia (2.2 mEq/L), and HTN was persistent with
an increased dosage of the antihypertensive agent. In clin-
ical suspicion of PA, the second AVS was performed but it
also showed a result consistent with BAH (lateralization
index after ACTH stimulation; 2.3). Though the patient
was treated with an aldosterone antagonist for 10 months
according to repeated AVS results, moderate-to-severe
hypokalemia was not resolved (1.9-2.5 mEq/L). NP-59

scintigraphy was performed to identify whether
a dominant lesion existed. A focal hot uptake was noticed
in the right adrenal gland on 72-hours images and a right
adrenalectomy was performed.

The patient also showed less than 140 mmHg of SBP
and 90 mmHg of DBP with a reduced dose of antihyper-
tensive agents, which did not include an aldosterone

antagonist after adrenalectomy.

Case 5

A 31-year-old female presented with uncontrolled BP and
severe hypokalemia (1.9 mEq/L). On evaluation of second-
ary HTN, PAC was 49.7 ng/dL and PRA was undetectable,
which strongly suggested PA. In addition, Cushing syn-
drome was also suspected based on 24-hour urine free
cortisol (75.8 pg/day, using a radioimmunoassay kit, refer-
ence range 13.7-75.3 ug/day) and 16.09 ug/dL of serum
cortisol levels after 1 mg overnight dexamethasone suppres-
sion test. Subsequently, the standard low dose dexametha-
sone suppression test (2 mg per day for 48 hours) was
performed and serum cortisol levels (24.24 ng/dL) after
low dose dexamethasone suppression test confirmed adrenal
hypersecretion of cortisol. Adrenal CT scan revealed three
adenomas (3.0 cm- and 1.7 cm-sized adenomas in the left
and a 1.3 cm-sized adenoma in the right adrenal gland).
Though AVS was performed to lateralize the source of
aldosterone overproduction, interpretation was not available
due to coexisting hypersecretion of cortisol, which could
cause an increase in peripheral to adrenal cortisol ratio
suggestive of unsuccessful catheterization. To provide the
functional status of each adenoma in an adrenal CT scan,
NP-59 scintigraphy was performed. Two dominant hot
uptakes were observed in the left adrenal gland on the first
NP-59 scintigraphy images, the left unilateral adrenalectomy
was planned firstly considering a sequential therapy.
The second NP-59 scintigraphy with SPECT/CT was per-
formed to decide the extent of surgery on the remaining right
adrenal gland (Figure 1C); whether to remove the whole
right adrenal gland or only the adenoma with partial adre-
nalectomy. NP-59 scintigraphy with SPECT/CT, which was
performed after the left adrenalectomy, revealed a localized
hot uptake in the upper area of the right adrenal gland
(Figure 1D). After left adrenalectomy based on the first
NP-59 scintigraphy, partial right adrenalectomy was per-
formed to preserve the rest of the right adrenal gland.

In the patient, after the left adrenalectomy, hypersecre-
tion of cortisol was completely resolved. However, the
PAC continued to rise along with suppressed PRA and
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hypokalemia. The remaining right adrenal mass on adrenal
CT scan was suspected as a source of aldosterone hyper-
secretion. After right partial adrenalectomy, she took 5 mg
of prednisone per day without any antihypertensive agent
or potassium supplement.

Discussion
AVS is considered as a gold standard method in discrimi-
nating the subtypes of PA.> However, the invasiveness of
the procedure, use of contrast dye and operator depen-
dency (requiring a highly experienced operator to obtain
reliable data by proper catheterization) are potential dis-
advantages of AVS. In addition, AVS could be unavailable
in certain conditions such as bleeding diathesis, impending
renal failure or presence of contrast dye hypersensitivity.
In this study, we presented the feasibility of NP-59 scinti-
graphy to complement AVS in management of PA.
Though NP-59 scintigraphy is not used in the western
the US, it is
a supplementary or alternative diagnostic tool in some

countries such as considered as
Asian countries.'®'? NP-59 scintigraphy has several dis-
advantages. The accuracy of identifying the subtype of PA
has been reported from 47-94%. ***' Additionally, resolu-
tion of the image is relatively low for detection of small
sized adrenal mass (usually less than 1.5 cm) on planar
scintigraphy.”> NP-59 scintigraphy is also inconvenient
because it requires several preparations. Other than the
discontinuation of antihypertensive agents such as spiro-
nolactone to prevent interferences, dexamethasone sup-
pression for a certain period to reduce uptake of normal
adrenal gland is needed.”® Thus, use of NP-59 scintigraphy
has been restricted in the management of PA; however,
this method could still prove useful. Recent studies have
been refocused on the feasibility of NP-59 scintigraphy
with SPECT/CT.*-* SPECT-CT with NP-59 scintigraphy
has been contended to improve resolution and detection of
smaller nodules. Simultaneous use of SPECT-CT with NP-
59 scintigraphy improved the accuracy of NP-59
scintigraphy.”> Moreover, Chen et al*® demonstrated that
NP-59 scintigraphy with SPECT/CT had a role in early
diagnosis for subclinical or atypical feature of PA or PA
combined chronic kidney disease. In fact, NP-59 scinti-
graphy was suggested in inconclusive cases of AVS and in
prediction of the existence of subclinical Cushing syn-
drome in adrenal incidentaloma.”’*® Unilateral uptake of
NP-59 scintigraphy has been associated with surgical cure
in PA and Cushing syndrome compared to nodules without
NP-59 uptake.”’ In BAH, bilateral symmetrical NP-59

uptake is presented. However, bilateral asymmetrical
uptake of NP-59 suggested contralateral suppression of
normal adrenal gland or hyperfunctioning adenoma in
BAH.?° In case 5, initial NP-59 scintigraphy showed sym-
metric uptake in the bilateral adrenal gland. Sequential
adrenalectomy was performed based on NP-scintigraphy
with SPECT/CT. Bilateral adenoma was confirmed by
histopathology.

In the current cases, successful visualization of func-
tioning lesions by NP-59 scintigraphy (in conjunction with
SPECT/CT scan in case 5) showed a pivotal role in the
management of PA patients. AVS was essential to provide
the correct treatment strategies considering the low diag-
nostic accuracy of CT in patients above 35 years of age.
However, hypersensitivity to contrast dye and high risk of
bleeding made performing AVS difficult. Of course, use of
Gadolinium contrast dye instead of the iodinated radio-
contrast dye in AVS could be considered as described in
a previous report. 2

This study has some limitations. First, data were col-
lected and analyzed retrospectively. Second, due to the
absence of AVS (case 1.2) and incomplete interpretation
(case 3.5) of AVS results, the accuracy of AVS and NP-59
scintigraphy could not be compared precisely. Third, clin-
ical outcomes were decided by clinical responses, not by
biochemical measurements such as serum aldosterone
levels and ARR. Finally, because all the adrenal masses
(except one in case 5) were larger than 1.0 cm in size, it is
not possible to suggest the role of NP-59 scintigraphy in
management of small adenomas. The simultaneous
SPECT-CT was performed in one case. A further prospec-
tive study might be needed to validate our suggestions.

Conclusion

NP-59 scintigraphy could play a supplementary role in
differential diagnosis of PA patients when AVS could not
provide an appropriate management. In several excep-
tional conditions such as the presence of contrast dye
hypersensitivity, use of anticoagulation agents or prior
unilateral adrenalectomy, NP-59 scintigraphy might be an
alternative option to guide adequate management of PA.
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