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Abstract: Purpose: To evaluate the diagnostic accuracy of the 131I-6β-iodomethyl-19-norcholesterol
(NP-59) adrenal scintigraphy for the subtyping diagnosis of primary aldosteronism (PA), considering
as gold standard for the diagnosis of unilateral PA (UPA), either the results of the adrenal venous
sampling (AVS) or the outcome after adrenalectomy. Methods: A retrospective multicenter study was
performed on PA patients from 14 Spanish tertiary hospitals who underwent NP-59 scintigraphy with
an available subtyping diagnosis. Patients were classified as UPA if biochemical cure was achieved
after adrenalectomy or/and if an AVS lateralization index > 4 with ACTH stimulation or >2 without
ACTH stimulation was observed. Patients were classified as having bilateral PA (BPA) if the AVS
lateralization index was ≤4 with ACTH or ≤2 without ACTH stimulation or if there was evidence
of bilateral adrenal nodules >1 cm in each adrenal gland detected by CT/MRI. Results: A total of
86 patients with PA were included (70.9% (n = 61) with UPA and 29.1% (n = 25) with BPA). Based on
the NP-59 scintigraphy results, 16 patients showed normal suppressed adrenal gland uptake, and in
the other 70 cases, PA was considered unilateral in 49 patients (70%) and bilateral in 21 (30%). Based
on 59-scintigraphy results, 10.4% of the patients with unilateral uptake had BPA, and 27.3% of the
cases with bilateral uptake had UPA. The AUC of the ROC curve of the NP-59 scintigraphy for PA
subtyping was 0.812 [0.707–0.916]. Based on the results of the CT/MRI and NP-59 scintigraphy, only
6.7% of the patients with unilateral uptake had BPA, and 24% of the cases with bilateral uptake had
UPA. The AUC of the ROC curve of the model combining CT/MRI and 59-scintigraphy results for
subtyping PA was 0.869 [0.782–0.957]. Conclusion: The results of NP-59 scintigraphy in association
with the information provided by the CT/MRI may be useful for PA subtyping. However, their
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diagnostic accuracy is only moderate. Therefore, it should be considered a second-line diagnostic
tool when AVS is not an option.

Keywords: primary aldosteronism; adrenal venous sampling; norcholesterol adrenal scintigraphy;
lateralization index; adrenalectomy

1. Introduction

Primary aldosteronism (PA) is the most common cause of endocrine and secondary
hypertension, being present in 20% of all cases of resistant hypertension and in 5–10%
of the total hypertensive population [1,2]. Moreover, patients with PA have been found
to have a higher risk of cardiovascular events, such as myocardial infarction, coronary
artery disease, stroke, and atrial fibrillation, than patients with essential hypertension
matched by blood pressure levels [3]. The specific treatment with surgery or, if not feasible,
with effective mineralocorticoid receptor blockade reduces the cardiometabolic risk of
these patients [4,5]. The distinction between the cases of unilateral aldosterone-producing
adenoma and bilateral adrenal hyperplasia is challenging but crucial for the decision on
further treatment: medication in the case of bilateral adrenal hyperplasia and surgery in
the case of unilateral aldosterone-producing adenoma. Adrenal venous sampling (AVS)
is a decisive method for the lateralization of PA [2,6]. However, AVS is a technically
challenging procedure, and the rate of catheterization failure is frequently high, especially
in the right adrenal vein, due to the anatomical characteristics of this vascular region [7,8].
On the other hand, although CT or MRI are currently the default imaging tools to localize
aldosterone-producing adenomas, their diagnostic performance is quite low, according to
some studies [9].

It has been proposed that if AVS fails, 131 I-6-β-iodomethyl-19-norcholesterol (NP-59)
scintigraphy can be used to determine the subtype of PA [10]. Adrenal scintigraphy with
the NP-59 radiotracer can visualize the adrenal cortex and assess its hormonal activity.
In addition, it is a minimally invasive procedure and has a high success rate, regardless
of the operator’s skill [11,12]. Moreover, the administration of dexamethasone, which
suppresses adrenal cortical hormones, markedly improves the diagnostic usefulness of
adrenal scintigraphy [12].

Considering this background, our study aimed to assess the diagnostic accuracy of NP-
59-adrenal scintigraphy results in subtyping PA, considering the gold standard for diagnos-
ing UPA as either the AVS results or the biochemical cure achieved through adrenalectomy.

2. Materials and Methods
2.1. Study Population and Definitions

Patients with PA in follow-up between January 2018 and December 2022 were enrolled
in 30 Spanish tertiary hospitals (SPAIN-ALDO registry). When the data were analyzed
(7 April 2023), a total of 833 patients had been included in the database. The inclusion
criteria to enter this specific study were the following: (i) available results of a NP-59 adrenal
scintigraphy for the subtyping diagnosis of PA and demonstration of complete biochemical
cure after adrenalectomy; or (ii) available results of a NP-59 adrenal scintigraphy for the
subtyping diagnosis of PA and available AVS demonstrating unilateral or bilateral PA or
bilateral adrenal nodules >1 cm in CT/MRI. A total of 125 patients underwent adrenal
scintigraphy, of whom 86 met inclusion criteria and had been evaluated in 14 centers. These
patients were classified in two groups: (i) UPA if biochemical cure was achieved (based on
the PASO classification system [13]) after adrenalectomy or/and if the lateralization index
in AVS > 4 with ACTH or > 2 without ACTH stimulation (n = 61); and (ii) Bilateral PA (BPA)
if lateralization index in AVS was ≤ 4 with ACTH or ≤ 2 without ACTH stimulation or if
there was evidence of bilateral adrenal nodules >1cm in the CT/MRI (n = 25) (Figure 1).
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Figure 1. Study population. PA: primary aldosteronism.

As we have previously described [14], the clinical data of the patients were entered
into an electronic database (REDCap® database) [15,16] after pseudonymization using
an identification number (record_Id). The SPAIN-ALDO registry includes data on de-
mographic characteristics, comorbidities, biochemical, and radiological parameters, as
well as information on physical evaluation and treatments for PA, as we have previously
mentioned [17]. The study was approved by the Ethics committee of the Ramón y Cajal
Hospital, Madrid.

2.2. Dexamethasone-Suppression NP-59 Scintigraphy

To suppress the normal adrenal uptake of NP-59, different protocols were used across
the different centers: (i) the patients took oral dexamethasone 2 mg daily (1.0 mg every
12 h) 3 days before and 7 days after the intravenous injection of NP-59 (n = 58); (ii) some
centers used a higher dose of dexamethasone (4 mg daily, using 1 mg every 6 h) 7 days
before and 2 days after the intravenous injection of NP-59 (n = 12). Saturated potassium
iodide (50 mg/d) was also administered orally for blockade of thyroidal uptake for the
same duration as that for oral dexamethasone administration. In addition, some drugs are
recommended to be suspended before the scintigraphy (spironolactone and other diuretics;
captopril; calcium antagonists; oral hormonal contraceptives; and cholestyramine). The
following variables were registered: (i) adrenal NP-59 uptake or not; and (ii) unilateral or
bilateral hyper uptake.

2.3. Statistical Analysis

All statistical analyses were conducted with STATA.15. Shapiro–Wilk’s test was used
to assess the normality of continuous variables. All data are expressed as the mean and SD
for normally distributed variables and the median (25th–75th percentile) for non-normally
distributed variables. The Student’s t-test was used to compare quantitative variables and
the X2 test for qualitative variables between two groups. The lineal correlation between
continuous parameters was determined by Pearson’s correlation coefficient (r). Reliability
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was evaluated with the kappa index and the specific positive and negative agreement
indexes. Nonparametric receiver-operator curve (ROC) analysis was used to determine
the diagnostic accuracy of the results of the NP-59 scintigraphy for the diagnosis of UPA
(vs. BPA). In all cases, a two-tailed p value < 0.05 was considered statistically significant.

3. Results
3.1. Baseline Characteristics

A total of 86 patients with PA, available NP-59 scintigraphy, and a confirmed diagnosis
of UPA or BPA were included. Most of them were classified as UPA (70.9%, n = 61),
and the remaining 29.1% (n = 25) as BPA. No statistically significant differences were
detected in baseline characteristics between both groups, except for a higher prevalence of
unilaterality in UPA based on CT/MRI results compared to those with BPA (OR 20.2, 95%
CI 5.38–75.96). Differences in baseline characteristics between both groups are shown in
Table 1. The prevalence of autonomous cortisol secretion based on the 1.8 µg/dL threshold
in the dexamethasone suppression test was 50% (n = 15/30).

Table 1. Differences in baseline characteristics between unilateral and bilateral PA cases.

Unilateral PA (n = 61) Bilateral PA (n = 25) p

Age (years) 53.3 ± 10.92 56.1 ± 13.66 0.316

Male sex 54.1% (n = 33) 60.0% (n = 15) 0.617

Number antihypertensives 2.6 ± 1.36 1.9 ± 1.20 0.024

Hypertension grade ≥ 2 (n = 75) 76.4% (n = 42/55) 65.0% (n = 13/20) 0.325

Hypertension duration (years) (n = 83) 9.7 ± 7.90 9.5 ± 9.22 0.950

Type 2 diabetes 18.0% (n = 11) 8.0% (n = 2) 0.238

Dyslipidemia 39.3% (n = 24) 56.0% (n = 14) 0.158

Cardiovascular events 29.5% (n = 18) 28.0% (n = 7) 0.889

Cerebrovascular events 6.6% (n = 4) 8.0% (n = 2) 0.812

Chronic kidney disease 8.2% (n = 5) 16.0% (n = 4) 0.283

Sleep apnea syndrome (n = 83) 9.8% (n = 6/61) 4.5% (n = 1/22) 0.444

Active smoking (n = 84) 20.0% (n = 12/60) 25.0% (n = 6/24) 0.614

Hypokalemia at any time 60.7% (n = 37) 56.5% (n = 13) 0.731

Obesity (BMI > 30) 41.0% (n = 25) 36.0% (n = 9) 0.668

BMI (kg/m2) (n = 296) 29.1 ± 5.98 28.5 ± 4.42 0.650

SBP at diagnosis 149.4 ± 22.53 143.2 ± 16.88 0.227

DBP at diagnosis 90.0 ± 12.97 84.1 ± 12.97 0.059

Serum potassium (mEq/L) 3.6 ± 0.55 3.8 ± 0.55 0.113

PAC (ng/dL) 32.8 [22.7–55.1] 36.2 [18.3–52.3] 0.569

PRA (ng/mL/h) (n = 214) 0.2 [0.2–0.34] 0.3 [0.3–1.0] 0.120

PRC (µU/mL) (n = 128) 2.4 [0.9–3.0] 3.0 [1.6–4.6] 0.105

DST > 1.8 µg/dL (n = 30) 62.5% (n = 5/8) 43.8% (n = 7/16) 0.386

Tumor size in CT/MRI of the largest
adrenal nodule (mm) 19.1 ± 7.42 18.1 ± 10.51 0.6402

Unilaterality according to CT/MRI * 93.3% (n = 56/60) 40.9% (n = 9/22) <0.001 †

BMI: body mass index; DBP: diastolic blood pressure; DST: dexamethasone suppression test; PA: primary aldos-
teronism; PAC: plasma aldosterone concentration; PRA: plasma renin activity; PRC: plasma renin concentration;
SBP: systolic blood pressure. † refers to statistically significant results. * Unilaterality, according to CT/MRI, was
defined as the presence of a unilateral adrenal nodule > 1 cm and a normal contralateral adrenal gland.

3.2. Diagnostic Accuracy of NP-59 Scintigraphy to Differentiate Unilateral and Bilateral PA

The main reasons for performing NP-59 scintigraphy were inconclusive AVS in
16 cases, low rate of proper catheterization in the AVS in the center (n = 9), bilateral-
ity according to CT/MRI (n = 8), AVS not available in the center (n = 6), and refusal to
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perform the AVS by the patient (n = 4). In the other 43 cases, NP-59 scintigraphy was
performed instead of the AVS for PA subtyping. Based on the NP-59 scintigraphy results,
no evidence of uptake was demonstrated in 16 patients. In the other 70 cases, PA was
considered unilateral in 49 patients (70%) and bilateral in 21 patients (30%). Out of the
16 patients who underwent scintigraphy without evidence of NP-59 uptake, 93.3% had
adrenal lesions smaller than 2 cm based on CT/MRI results. The median tumor size of these
16 cases was 12.9 mm (range 0 to 30). Most of these patients had a UPA (81.3%, n = 13), and
three had a BPA.

The degree of agreement (reliability) between the results of the NP-59 scintigraphy
and our definition for differentiating UPA and BPA was moderate, with a kappa index of
0.631. The positive specific agreement (to classify unilateral disease) was 88.7% [80.8% to
93.5%], the negative specific agreement (to classify bilateral disease) was 74.4% [59.8% to
74.4%], with a global agreement of 84.3% [74.0% to 91.0%]. Based on NP-59 scintigraphy
results, 10.4% of the patients with unilateral hyper uptake had BPA, and 27.3% of the
cases with bilateral hyper uptake had UPA (Table 2). The results of the NP-59 scintigraphy
to differentiate between UPA and BPA yielded an area under the ROC curve (AUC) of
0.812 [0.707–0.916] (Figure 2). The degree of agreement between the results of the NP-
59 scintigraphy and the definition that we have used for differentiating UPA and BPA
increased to 0.712 when the results of the CT/MRI were included, with a positive specific
agreement of 90.3% and a negative specific agreement of 80.9%. In this context, only 6.7% of
the patients with unilateral hyper uptake had BPA, and 24% of the cases with bilateral hyper
uptake had UPA. Thus, 93.3% of the patients with unilateral disease based on both CT/MRI
and NP-59 scintigraphy had UPA. Patients with bilateral disease according to CT/MRI
and NP-59 scintigraphy were properly classified in 76% of the cases (Table 3). The AUC of
the CT/MRI associated with NP-59 scintigraphy for subtyping PA was 0.869 [0.782–0.957]
(Figure 2). In Table 4, we describe the clinical and radiological data of those PA cases
wrongly classified as unilateral or bilateral PA according to the NP-59 scintigraphy results
compared to those cases properly classified (Table 4). When we compared patients with
UPA classified as bilateral PA according to NP-59 scintigraphy and those properly classified
as unilateral PA, patients properly classified had unilateral adrenal lesions on CT/MRI
more commonly than the former (93.3% vs. 40.9%, p < 0.001). However, no differences in
tumor size were observed between both groups (20.6 ± 7.80 vs. 18 ± 4.24 mm, p = 0.290).
On the other hand, patients with bilateral PA with congruent NP-59 scintigraphy results had
smaller adrenal lesions than those with unilateral uptake (17.5 ± 9.90 vs. 27.6 ± 6.05 mm,
p = 0.040) and had unilateral adrenal lesions in CT/MRI less commonly (6.7% vs. 59.1%,
p < 0.001).
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Table 2. Accuracy of the NP-59 scintigraphy for the subtyping of primary aldosteronism.

UPA BPA Total

Unilateral based on NP-59 scintigraphy 43 (89.6%) 6 (27.3%) 49

Bilateral based on NP-59 scintigraphy 5 (10.4%) 16 (72.7%) 21

TOTAL 48 (100%) 22 (100%) 70

BPA: bilateral primary aldosteronism; UPA: unilateral primary aldosteronism.

Table 3. Accuracy of the NP-59 scintigraphy results associated with CT/MRI results for the subtyping
of primary aldosteronism.

UPA BPA Total

Unilateral based on NP-59 scintigraphy+ CT/MRI 42 (93.3%) 6 (24%) 48

Bilateral based on NP-59 scintigraphy+ CT/MRI 3 (6.7%) 19 (76%) 22

TOTAL 45 (100%) 25 (100%) 70

BPA: bilateral primary aldosteronism; UPA: unilateral primary aldosteronism.

Table 4. Clinical and hormonal characteristics of patients wrongly classified based on NP-59 scintig-
raphy results compared to those cases properly classified.

Uncorrectly Classified
(n = 11) Properly Classified (n = 59) p

Age (years) 56.6 ± 12.03 54.0 ± 11.82 0.498

Male sex 72.7% (n = 8) 45.8% (n = 27) 0.101

Hypertension grade ≥ 2 (n = 75) 90% (n = 9/10) 71.2% (n = 37/52) 0.212

Hypertension duration (years) (n = 69) 14.1 ± 9.48 8.9 ± 8.21 0.064

Hypokalemia at any time 36.4% (n = 4) 59.7% (n = 34) 0.154

Obesity (BMI > 30) 27.3% (n = 3) 44.1% (n = 26) 0.299

Serum potassium (mEq/L) 3.8 ± 0.59 3.6 ± 0.59 0.381

PAC (ng/dL) 27.7 [12.8–107.4] 36.3 [11.9–114.5] 0.339

PRA (ng/mL/h) (n = 214) 0.3 [0.05–0.94] 0.3 [0.05–2.1] 0.250

DST > 1.8 µg/dL (n = 24) 40.0% (n = 2/5) 52.6% (n = 10/19) 0.615

Tumor size in CT/MRI of the largest
adrenal nodule (mm) 22.3 ± 6.96 19.9 ± 8.28 0.377

Unilaterality according to CT/MRI (n = 66) * 50.0% (n = 5/10) 83.9% (n = 47/56) 0.016 †

DST: dexamethasone suppression test; PAC: plasma aldosterone concentration; PRA: plasma renin activity; † refers
to statistically significant results; * Unilaterality, according to CT/MRI, was defined as the presence of a unilateral
adrenal nodule > 1 cm and a normal contralateral adrenal gland.

When we only included in the analysis, those patients with unilateral PA according to
CT/MRI (unilateral adrenal lesion > 1 cm and normal contralateral adrenal gland, n = 65),
there were 13 cases without uptake in the NP-59 scintigraphy. In the 52 cases in which
hyper uptake was demonstrated, 86.5% (n = 45) had unilateral hyper and 13.5% (n = 7) had
bilateral hyper.

Surgery was performed on 58 patients with UPA. A total of 45 patients were operated
based on NP-59 scintigraphy, 3 based on AVS results, and 10 based on CT/MRI results.

4. Discussion

PA is considered one of the main causes of secondary hypertension. Adrenalectomy
is feasible for unilateral diseases. However, surgical procedures should generally be
avoided in BPA, and this condition should be managed with targeted medical therapy [18].
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Therefore, the decision to lateralize is critical to improving PA management. For this
purpose, AVS is considered the gold standard [2]. However, several limitations, including
the fact that it is a highly technical procedure, have limited its clinical application. In
this way, the dexamethasone-suppression NP-59 scintigraphy has been proposed as a
useful technique for distinguishing UPA and BPA [10,19]. NP-59 is a radioiodine-labeled
cholesterol analog with radioisotopic activity. 131I is an appropriate radiotracer for adrenal
cortical imaging due to its greater affinity for the adrenal cortex. Dexamethasone given
before the study to suppress ACTH enhanced the functional difference between zonae
glomerulosa and fasciculata, leading to a better differentiation of PA lateralization. In
normal conditions, no focal tracer uptake will be seen prior to the fifth day of tracer
injection. Early visualization (before day 5) indicates UPA or BPA [20].

The rate of UPA in our study was 71%, which is quite higher than the rate described in
other series [21]. However, there are other studies reporting similar rates of UPA [22]. For
example, the Kim SH study [22] found that the prevalence of UPA was 70.7% (aldosterone-
producing adenoma or unilateral adrenal hyperplasia), while only 29.3% of the patients
had bilateral disease. Differences across studies may be related to the inclusion of different
study populations in these studies since, for example, it is reported that the rate of UPA
is lower in Japanese than in European centers [23]. The prevalence of UPA is also higher
in young patients [24]. In addition, we are aware that a potential selection bias may have
occurred in our study since those patients with more chances of having a unilateral PA were
more commonly submitted to the AVS. In addition, the rate of hypokalemia and severe
hypertension reached prevalences above 60%. Nevertheless, despite this observation, we
did not find differences in PAC levels between unilateral and bilateral cases of PA. This
finding may be related to the fact that patients with high suspicion of bilateral disease based
on CT/MRI and mild PA were less likely to be submitted to AVS and NP-59 scintigraphy
and were commonly medically treated without further investigations.

We found that in 50% of the patients, NP-59 scintigraphy was used instead of AVS
for PA subtyping. In the other half of the cases, AVS was inconclusive or other challenges
related to the procedure led to the election of NP-59 scintigraphy for subtyping. In relation
to the high proportion of patients who underwent NP-59 adrenal scintigraphy as the first
procedure for PA subtyping, it is important to highlight that NP-59 adrenal scintigraphy
is applied for PA lateralization in many Asian and some European countries [25]. For
example, in the Japan Endocrine Society guidelines for PA management, dexamethasone-
suppression 131I-adosterol scintigraphy is included in the imaging studies section as a
valid procedure [25]. In addition, the Taiwan Society of Aldosteronism suggests NP-59
adrenal scintigraphy for functioning tumor lateralization for lesions larger than 1 cm [26].
Nevertheless, in most European countries and in EEUU, AVS is still considered the first-line
technique for PA subtyping. Another point to consider when NP-59 scintigraphy results
are evaluated is the potential existence of bias in the use of the NP-59 in selecting cases,
such as limiting it to cases where it is clinically difficult to determine whether the disease is
unilateral or not. Thus, representing the most challenging cases for PA subtyping.

More than 22% of the patients did not have evidence of uptake in the NP-59 scintigra-
phy, and more than 90% of them had an adrenal lesion in the CT/MRI smaller than 20 mm
in diameter, with a median tumor size of 13 mm. It is well known that due to the resolution
limit of NP-59 planar imaging, lesions smaller than 15 mm in diameter may not be visible
on planar scintigraphy [2]. Supporting this finding, Kloos RT. et al. [27] observed that the
number of nonlateralizing images with NP-59 scintigraphy increased from 0% in adrenal
lesions > 2 cm to 11% in lesions between 1 and 2 cm and to 48% in adrenal lesions ≤ 1 cm.
These observations suggest that NP-59 scintigraphy should be reserved for the study of
adrenal lesions larger than 1–2 cm.

We found that the AUC in the ROC curve of the NP-59 scintigraphy to differentiate
UPA versus BPA was 0.812 but increased to 0.869 when the 59-scintigraphy results was
combined with the information from the CT/MRI. Similar results have been previously
described in the Ming-Hsien Wu study [19]. They found that the sensitivity and positive
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predictive value of NP-59 scintigraphy for UPA detection were 83.3% and 92.3%, respec-
tively, and increased to 85.0% and 89.5% when single-photon emission CT/CT was used in
combination with NP-59 scintigraphy. Nevertheless, other studies reported lower degrees
of accuracy [28]. For example, the accuracy of NP-59 scintigraphy was 71% in PA in the
Kazerooni EA. et al. series [28]. However, the diagnostic accuracy increased in the last
available series, reaching a diagnostic accuracy of 83.3% [19], a sensitivity of 90.9%, and
a positive predictive value of 83.3%, according to other authors [29]. This improvement
is probably related to the introduction of the simultaneous use of integrated SPECT/CT
to provide both functional and anatomical information [12]. Thus, considering its high
diagnostic accuracy and the non-invasive nature of the test, we recommend that NP-59
scintigraphy should be highly considered in patients with allergies, chronic kidney diseases,
and when AVS is not an option. Nevertheless, some limitations of the NP-59 scintigraphy
should be taking into account, such as the requirement for prolonged dexamethasone sup-
pression (with the secondary side effects of glucocorticoid treatment), sequential imaging,
and limited tracer availability [30].

In our series, based on 59-scintigraphy results, 10.4% of the patients with unilateral
uptake had BPA, and 27.3% of the cases with bilateral uptake had UPA. In contrast with
our results, a bilateral symmetrical adrenal uptake of radioactive tracer usually suggests
BPA [31]. However, bilateral asymmetric uptake of NP-59 provides limited ability to
distinguish adenoma from partially suppressed normal contralateral adrenal glands or
bilateral hyperplasia. For this reason, some authors have proposed that the degree of
adrenal uptake asymmetry could be used to discriminate adenoma from hyperplasia [31].
In the same vein, Weinberger et al. [32] reported a misdiagnosis of UPA as bilateral when
there is accumulation on the contralateral side. The use of quantitative analysis may
improve the diagnostic accuracy of separating UPA and BPA [33,34]. In addition, other
radiotracers, such as 11C-metomidate, may significantly increase the diagnostic capacity
to differentiate unilateral and bilateral PA [35]. Burton et al. showed a ratio of tumor
maximum standardized uptake values (SUVmax) to normal background adrenal glands
greater than 1.25, and absolute tumor SUVmax > 17 reached a specificity of 100% for PA
subtyping [35]. The main limitation with the 11C-metomidate PET-CT is that 11C-isotopes
have a 20-min half-life, requiring an on-site cyclotron [30], which is not readily available in
most centers in Spain.

We are aware that our study has some limitations. First, our PA patients were retro-
spectively collected from the patient lists of individuals who underwent NP-59 adrenal
scintigraphy at some point. Second, due to the absence of successful AVS in all patients, the
accuracy of AVS and NP-59 scintigraphy could not be compared precisely. Nevertheless,
this is one of the largest studies evaluating the diagnostic accuracy of the results of the
NP-59 adrenal scintigraphy for the subtyping diagnosis of PA in the Spanish population.

5. Conclusions

The results of NP-59 scintigraphy in association with the information provided by
the CT/MRI may be useful for PA subtyping. Their diagnostic accuracy is above 85%,
so it should be considered a second-line diagnostic tool when AVS is unfeasible or in
patients with allergies to iodine intravenous contrast agents or with severe chronic renal
disease. However, the accuracy of NP-59 alone seems to be less reliable for determining
PA lateralization.

Author Contributions: Conceptualization, M.A.-C. methodology: M.A.-C.; formal analysis, M.A.-C.;
investigation, all authors; writing—original draft preparation, M.A.-C.; writing—review, all authors.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the Hospital Universitario Ramón
y Cajal. Madrid, Spain (approval date: 10 November 2020, code: ACTA 401).



Biomedicines 2023, 11, 1934 9 of 10

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the
study. Only for patients who continued follow-up or prospectively included informed consent was
it requested.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors without undue reservation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rossi, G.P.; Bernini, G.; Caliumi, C.; Desideri, G.; Fabris, B.; Ferri, C.; Ganzaroli, C.; Giacchetti, G.; Letizia, C.; Maccario, M.; et al.

A Prospective Study of the Prevalence of Primary Aldosteronism in 1,125 Hypertensive Patients. J. Am. Coll. Cardiol. 2006, 48,
2293–2300. [CrossRef] [PubMed]

2. Funder, J.W.; Carey, R.M.; Mantero, F.; Murad, M.H.; Reincke, M.; Shibata, H.; Stowasser, M.; Young, W.F. The management
of primary aldosteronism: Case detection, diagnosis, and treatment: An endocrine society clinical practice guideline. J. Clin.
Endocrinol. Metab. 2016, 101, 1889–1916. [CrossRef] [PubMed]

3. Sechi, L.A.; Colussi, G.; Di Fabio, A.; Catena, C. Cardiovascular and renal damage in primary aldosteronism: Outcomes after
treatment. Am. J. Hypertens. 2010, 23, 1253–1260. [CrossRef]

4. Jing, Y.; Liao, K.; Li, R.; Yang, S.; Song, Y.; He, W.; Wang, K.; Yang, J.; Li, Q.; Hu, J. Cardiovascular events and all-cause mortality
in surgically or medically treated primary aldosteronism: A Meta-analysis. JRAAS J. Renin-Angiotensin-Aldosterone Syst. 2021,
22, 14703203211003781. [CrossRef]

5. Chen, S.Y.; Chen, J.Y.; Huang, W.C.; Puar, T.H.K.; Kek, P.C.; Chueh, J.S.; Lin, Y.H.; Wu, V.C. Cardiovascular outcomes and all-cause
mortality in primary aldosteronism after adrenalectomy or mineralocorticoid receptor antagonist treatment: A meta-analysis.
Eur. J. Endocrinol. 2022, 187, S47–S58. [CrossRef] [PubMed]

6. Lim, V.; Guo, Q.; Grant, C.S.; Thompson, G.B.; Richards, M.L.; Farley, D.R.; Young, W.F. Accuracy of adrenal imaging and adrenal
venous sampling in predicting surgical cure of primary aldosteronism. J. Clin. Endocrinol. Metab. 2014, 99, 2712–2719. [CrossRef]

7. Vonend, O.; Ockenfels, N.; Gao, X.; Allolio, B.; Lang, K.; Mai, K.; Quack, I.; Saleh, A.; Degenhart, C.; Seufert, J.; et al. Adrenal
venous sampling: Evaluation of the german conn’s registry. Hypertension 2011, 57, 990–995. [CrossRef]

8. Araujo-Castro, M.; Paja Fano, M.; González Boillos, M.; Pla Peris, B.; Pascual-Corrales, E.; García Cano, A.M.; Parra Ramírez,
P.; Rojas-Marcos, P.M.; Ruiz-Sanchez, J.G.; Vicente Delgado, A.; et al. Adrenal venous sampling in primary aldosteronism:
Experience of a Spanish multicentric study (Results from the SPAIN-ALDO Register). Endocrine 2022, 78, 363–372. [CrossRef]

9. Kempers, M.J.E.; Lenders, J.W.M.; Van Outheusden, L.; Van Der Wilt, G.J.; Kool, L.J.S.; Hermus, A.R.M.M.; Deinum, J. Sys-
tematic review: Diagnostic procedures to differentiate unilateral from bilateral adrenal abnormality in primary aldosteronism.
Ann. Intern. Med. 2009, 151, 329–337. [CrossRef]

10. Saiga, A.; Yokota, H.; Nagano, H.; Sawada, K.; Kubota, Y.; Wada, T.; Horikoshi, T.; Tanaka, T.; Uno, T. 131I-6β-iodomethyl-
19-norcholesterol adrenal scintigraphy as an alternative to adrenal venous sampling in differentiating aldosterone-producing
adenoma from bilateral idiopathic hyperaldosteronism. Nucl. Med. Commun. 2020, 41, 1226–1233. [CrossRef]

11. Nomura, K.; Kusakabe, K.; Maki, M.; Ito, Y.; Aiba, M.; Demura, H. Iodomethylnorcholesterol uptake in an aldosteronoma shown
by dexamethasone-suppression scintigraphy: Relationship to adenoma size and functional activity. J. Clin. Endocrinol. Metab.
1990, 71, 825–830. [CrossRef] [PubMed]

12. Yen, R.F.; Wu, V.C.; Liu, K.L.; Cheng, M.F.; Wu, Y.W.; Chueh, S.C.; Lin, W.C.; Wu, K.D.; Tzen, K.Y.; Lu, C.C.; et al. 131I-6β-
iodomethyl-19-norcholesterol SPECT/CT for primary aldosteronism patients with inconclusive adrenal venous sampling and CT
results. J. Nucl. Med. 2009, 50, 1631–1637. [CrossRef] [PubMed]

13. Williams, T.A.; Lenders, J.W.M.; Mulatero, P.; Burrello, J.; Rottenkolber, M.; Adolf, C.; Satoh, F.; Amar, L.; Quinkler, M.; Deinum,
J.; et al. Outcomes after adrenalectomy for unilateral primary aldosteronism: An international consensus on outcome measures
and analysis of remission rates in an international cohort. Lancet Diabetes Endocrinol. 2017, 5, 689–699. [CrossRef]

14. Araujo-Castro, M.; Paja Fano, M.; González Boillos, M.; Pla Peris, B.; Pascual-Corrales, E.; García Cano, A.M.; Parra Ramírez,
P.; Rojas-Marcos, P.M.; Ruiz-Sanchez, J.G.; Vicente Delgado, A.; et al. Evolution of the cardiometabolic profile of primary
hyperaldosteronism patients treated with adrenalectomy and with mineralocorticoid receptor antagonists: Results from the
SPAIN-ALDO Registry. Endocrine 2022, 76, 687–696. [CrossRef]

15. Harris, P.A.; Taylor, R.; Minor, B.L.; Elliott, V.; Fernandez, M.; O’Neal, L.; McLeod, L.; Delacqua, G.; Delacqua, F.; Kirby, J.; et al.
The REDCap consortium: Building an international community of software platform partners. J. Biomed. Inform. 2019, 95, 103208.
[CrossRef]

16. Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research electronic data capture (REDCap)--a metadata-
driven methodology and workflow process for providing translational research informatics support. J. Biomed. Inform. 2009, 42,
377–381. [CrossRef] [PubMed]

17. Araujo-Castro, M.; Paja Fano, M.; González Boillos, M.; Pla Peris, B.; Pascual-Corrales, E.; García Cano, A.M.; Parra Ramírez,
P.; Martín Rojas-Marcos, P.; Ruiz-Sanchez, J.G.; Vicente Delgado, A.; et al. Predictive model of hypertension resolution after
adrenalectomy in primary aldosteronism: The SPAIN-ALDO score. J. Hypertens. 2022, 40, 2486–2493. [CrossRef]

18. Araujo-Castro, M. Treatment of primary hyperaldosteronism. Med. Clin. (Engl. Ed.) 2020, 155, 302–308. [CrossRef]

https://doi.org/10.1016/j.jacc.2006.07.059
https://www.ncbi.nlm.nih.gov/pubmed/17161262
https://doi.org/10.1210/jc.2015-4061
https://www.ncbi.nlm.nih.gov/pubmed/26934393
https://doi.org/10.1038/ajh.2010.169
https://doi.org/10.1177/14703203211003781
https://doi.org/10.1530/EJE-22-0375
https://www.ncbi.nlm.nih.gov/pubmed/36315466
https://doi.org/10.1210/jc.2013-4146
https://doi.org/10.1161/HYPERTENSIONAHA.110.168484
https://doi.org/10.1007/s12020-022-03122-8
https://doi.org/10.7326/0003-4819-151-5-200909010-00007
https://doi.org/10.1097/MNM.0000000000001293
https://doi.org/10.1210/jcem-71-4-825
https://www.ncbi.nlm.nih.gov/pubmed/2401712
https://doi.org/10.2967/jnumed.109.064873
https://www.ncbi.nlm.nih.gov/pubmed/19759122
https://doi.org/10.1016/S2213-8587(17)30135-3
https://doi.org/10.1007/s12020-022-03029-4
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/j.jbi.2008.08.010
https://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.1097/HJH.0000000000003284
https://doi.org/10.1016/j.medcle.2020.04.022


Biomedicines 2023, 11, 1934 10 of 10

19. Wu, M.H.; Liu, F.H.; Lin, K.J.; Sun, J.H.; Chen, S.T. Diagnostic value of adrenal iodine-131 6-beta-iodomethyl-19-norcholesterol
scintigraphy for primary aldosteronism: A retrospective study at a medical center in North Taiwan. Nucl. Med. Commun. 2019, 40,
568–575. [CrossRef]

20. Wang, Y.F.; Chen, Y.C.; Su, Y.C.; Wei, C.K.; Chiu, J.S.; Tseng, C.E.; Chen, S.J. Diagnostic value of I-131 NP-59 SPECT/CT
scintigraphy in patients with subclinical or atypical features of primary aldosteronism. J. Biomed. Biotechnol. 2011, 2011, 209787.
[CrossRef]

21. Rossitto, G.; Amar, L.; Azizi, M.; Riester, A.; Reincke, M.; Degenhart, C.; Widimsky, J.; Naruse, M.; Deinum, J.; Schultzekool,
L.; et al. Subtyping of primary aldosteronism in the AVIS-2 study: Assessment of selectivity and lateralization. J. Clin. Endocrinol.
Metab. 2020, 105, 2042–2052. [CrossRef] [PubMed]

22. Kim, S.H.; Ahn, J.H.; Hong, H.C.; Choi, H.Y.; Kim, Y.J.; Kim, N.H.; Yoo, H.J.; Kim, H.Y.; Seo, J.A.; Kim, N.H.; et al. Changes in the
clinical manifestations of primary aldosteronism. Korean J. Intern. Med. 2014, 29, 217–225. [CrossRef]

23. Ohno, Y.; Naruse, M.; Beuschlein, F.; Schreiner, F.; Parasiliti-Caprino, M.; Deinum, J.; Drake, W.M.; Fallo, F.; Fuss, C.T.; Grytaas,
M.A.; et al. Adrenal Venous Sampling-Guided Adrenalectomy Rates in Primary Aldosteronism: Results of an International
Cohort (AVSTAT). J. Clin. Endocrinol. Metab. 2021, 106, E1400–E1407. [CrossRef]

24. Akasaka, H.; Yamamoto, K.; Rakugi, H.; Nagasawa, M.; Nakamaru, R.; Ichijo, T.; Takeda, Y.; Kurihara, I.; Katabami, T.; Tsuiki,
M.; et al. Sex Difference in the Association between Subtype Distribution and Age at Diagnosis in Patients with Primary
Aldosteronism. Hypertension 2019, 74, 368–374. [CrossRef] [PubMed]

25. Nishikawa, T.; Omura, M.; Satoh, F.; Shibata, H.; Takahashi, K.; Tamura, N.; Tanabe, A. Guidelines for the diagnosis and treatment
of primary aldosteronism—The Japan Endocrine Society 2009. Endocr. J. 2011, 58, 711–721. [CrossRef]

26. Wu, V.C.; Hu, Y.H.; Er, L.K.; Yen, R.F.; Chang, C.H.; Chang, Y.L.; Lu, C.C.; Chang, C.C.; Lin, J.H.; Lin, Y.H.; et al. Case detection
and diagnosis of primary aldosteronism—The consensus of Taiwan Society of Aldosteronism. J. Formos. Med. Assoc. 2017, 116,
993–1005. [CrossRef] [PubMed]

27. Kloos, R.T.; Gross, M.D.; Shapiro, B.; Francis, I.R.; Korobkin, M.; Thompson, N.W. Diagnostic dilemma of small incidentally
discovered adrenal masses: Role for 131I-6beta-iodomethyl-norcholesterol scintigraphy. World J. Surg. 1997, 21, 36–40. [CrossRef]

28. Darracott Vaughan, E. Diagnostic accuracy and pitfalls of [iodine-131]6-beta-iodomethyl-19-norcholesterol (NP-59) imaging:
Editorial comment. J. Urol. 1990, 144, 1561.

29. Di Martino, M.; García Sanz, I.; Muñoz de Nova, J.L.; Marín Campos, C.; Martínez Martín, M.; Domínguez Gadea, L. NP-59 test
for preoperative localization of primary hyperaldosteronism. Langenbeck’s Arch. Surg. 2017, 402, 303–308. [CrossRef]

30. Powlson, A.S.; Gurnell, M.; Brown, M.J. Nuclear imaging in the diagnosis of primary aldosteronism. Curr. Opin. Endocrinol.
Diabetes Obes. 2015, 22, 150–156. [CrossRef]

31. Limited Significance of Asymmetric Adrenal Visualization on Dexamethasone-Suppression Scintigraphy. Available online:
https://pubmed.ncbi.nlm.nih.gov/2981301/ (accessed on 21 May 2023).

32. Weinberger, M.H.; Grim, C.E.; Hollifield, J.W.; Kem, D.C.; Ganguly, A.; Kramer, N.J.; Yune, H.Y.; Wellman, H.; Donohue, J.P.
Primary aldosteronism: Diagnosis, localization, and treatment. Ann. Intern. Med. 1979, 90, 386–395. [CrossRef]

33. Sato, T.; Matsutomo, N.; Yamamoto, T.; Fukami, M.; Kono, T. Evaluation of standardized uptake value on 131I-6β-iodomethyl-
19-norcholesterol scintigraphy for diagnosis of primary aldosteronism and correspondence with adrenal venous sampling.
Ann. Nucl. Med. 2023, 37, 89–98. [CrossRef] [PubMed]

34. Nakajo, M.; Jinguji, M.; Tani, A.; Yoshiura, T. Application of adrenal maximum standardized uptake value to 131I-6β-iodomethyl-
19-norcholesterol SPECT/CT for characterizing unilateral hyperfunctioning adrenocortical masses. Eur. J. Radiol. 2020, 133,
109397. [CrossRef] [PubMed]

35. Burton, T.J.; Mackenzie, I.S.; Balan, K.; Koo, B.; Bird, N.; Soloviev, D.V.; Azizan, E.A.B.; Aigbirhio, F.; Gurnell, M.; Brown,
M.J. Evaluation of the sensitivity and specificity of 11C-metomidate positron emission tomography (PET)-CT for lateralizing
aldosterone secretion by Conn’s adenomas. J. Clin. Endocrinol. Metab. 2012, 97, 100–109. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/MNM.0000000000000987
https://doi.org/10.1155/2011/209787
https://doi.org/10.1210/clinem/dgz017
https://www.ncbi.nlm.nih.gov/pubmed/31536622
https://doi.org/10.3904/kjim.2014.29.2.217
https://doi.org/10.1210/clinem/dgaa706
https://doi.org/10.1161/HYPERTENSIONAHA.119.13006
https://www.ncbi.nlm.nih.gov/pubmed/31230553
https://doi.org/10.1507/endocrj.EJ11-0133
https://doi.org/10.1016/j.jfma.2017.06.004
https://www.ncbi.nlm.nih.gov/pubmed/28735660
https://doi.org/10.1007/s002689900190
https://doi.org/10.1007/s00423-017-1561-1
https://doi.org/10.1097/MED.0000000000000148
https://pubmed.ncbi.nlm.nih.gov/2981301/
https://doi.org/10.7326/0003-4819-90-3-386
https://doi.org/10.1007/s12149-022-01805-w
https://www.ncbi.nlm.nih.gov/pubmed/36380175
https://doi.org/10.1016/j.ejrad.2020.109397
https://www.ncbi.nlm.nih.gov/pubmed/33190101
https://doi.org/10.1210/jc.2011-1537
https://www.ncbi.nlm.nih.gov/pubmed/22112805

	Introduction 
	Materials and Methods 
	Study Population and Definitions 
	Dexamethasone-Suppression NP-59 Scintigraphy 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Diagnostic Accuracy of NP-59 Scintigraphy to Differentiate Unilateral and Bilateral PA 

	Discussion 
	Conclusions 
	References

