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Abstract
Selective venous sampling (SVS), an invasive radiographic procedure that depends on contrast media, holds a unique
role in diagnosing and guiding the treatment of certain types of secondary hypertension, particularly in patients who may
be candidates for curative surgery. The adrenal venous sampling (AVS), in particular, is established as the gold standard
for localizing and subtyping primary aldosteronism (PA). Throughout decades of clinical practice, AVS could be applied
not only to PA but also to other endocrine diseases, such as adrenal Cushing syndrome (ACS) and Pheochromocytomas
(PCCs). Notably, the application of AVS in ACS and PCCs remains less recognized compared to PA, with the low
success rate of catheterization, the controversy of results interpretation, and the absence of a standardized protocol.
Additionally, the AVS procedure necessitates enhancements to boost its success rate, with several helpful but imperfect
methods emerging, yet continued exploration remains essential. We also observed renal venous sampling (RVS),
an operation akin to AVS in principle, serves as an effective means of diagnosing renin-dependent hypertension, aiding
in the identification of precise sources of renin excess and helping the selection of surgical candidates with
renin angiotensin aldosterone system (RAAS) abnormal activation. Nonetheless, further basic and clinical research is
needed.

Keywords adrenal venous sampling ● primary aldosteronism ● renal venous sampling ● secondary hypertension ● selective
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Introduction

The prevalence of secondary hypertension (SH) has prob-
ably been underestimated in the past. The latest guidelines
suggest that SH may involve approximately 10% hyper-
tensive cases [1–3]. Some SH can be cured by surgery, but
in a number of patients, the diagnosis of SH was missed, as
well as the opportunity for a long-term cure and better
control of hypertension since clinical doctors and patients
usually pay more attention to the damage and remedial
treatment of target organs caused by hypertension but not

the exact disease that caused SH. Selective venous sam-
pling (SVS) is a method to detect the location of lesions by
comparing the hormone levels from the blood sampling site
and peripheral vein. It is a minimally invasive interven-
tional technique for the diagnosis and evaluation of dis-
eases, utilizing catheters directed to the drainage vein of
specific glands for sampling and disease-related hormone
analysis [4].

It is well known that adrenal endocrine disorders and
renal disease are two main causes of secondary hyperten-
sion [5], recognizing them is significant for the diagnosis
and treatment of secondary hypertension. Adrenal venous
sampling (AVS), recognized as the gold standard for
localizing and subtyping primary aldosteronism (PA) [6],
was first introduced by Melby et al. in the 1960s [7]. It
holds significant guidance for making treatment decisions
in patients with confirmed primary aldosteronism who are
considering surgery for a long-term cure. Moreover, if
analysing adrenal cortex and medullary hormones of blood
samples from bilateral adrenal veins and peripheral veins,
AVS could also be used for other adrenal gland endocrine
disorders that lead to hypertension, such as adrenal
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Cushing syndrome (ACS) and pheochromocytoma (PCC).
For patients with hypercortisolism, AVS confirms the
laterality of an adrenal cortisol-producing adenoma or
hyperplasia. Although AVS may not be very effective in
diagnosing PCCs because of the left-right natural differ-
ences and fluctuations in adrenal medulla hormone secre-
tion, it can still be used as an alternative in difficult cases.
However, the utilization rate and success rate of AVS are
not sufficient, even for PA [8]. Within years of clinical
practice, there has been a series of improved methods for
AVS, such as CT/CBCT, ACTH stimulation, rapid cortisol
assay, altering the catheter approach, special contrast
medium, and premedication, all of which can improve the
success rate to a certain extent. Scintigraphy can also be
used as one alternative method when AVS is not available
[9–11]. Renal venous sampling (RVS), a technique often
confused with AVS, enables the identification of renin-
dependent hypertension by measuring renin levels in the
renal vein, such as renovascular hypertension [12] and a
renin-producing tumor [13, 14].

AVS for PA and other endocrine disorders

1 PA

Why is AVS recommended

The prevalence of PA in patients with newly diagnosed
hypertension in China is at least 4% [15]. PA is the most
common cause of secondary hypertension and drug-
resistant hypertension [16, 17]. Compelling evidence indi-
cates that primary aldosteronism increases the risk of car-
diovascular morbidity [18], nephrotoxicity, and mortality
[19]; therefore, early diagnosis and accurate treatment are
key to preventing hypertension-related cardiovascular
events and reversing damage. Aldosterone excess in PA can
be caused by bilateral (idiopathic hyperaldosteronism) or
unilateral (usually aldosterone-producing adenoma) adrenal
diseases, and their treatment is completely different, with
the former requiring targeted medication, while the latter is
best treated by surgery (unilateral adrenalectomy) [20].
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Graphical Abstract
Selective venous sampling (SVS) can be used in identifying cases of secondary hypertension that are curable by surgical
intervention. Adrenal venous sampling (AVS) and aldosterone measurement for classificatory diagnosis of primary aldos-
teronism (PA) are established worldwide. While its primary application is for PA, AVS also holds the potential for
diagnosing other endocrine disorders, including adrenal Cushing’s syndrome (ACS) and pheochromocytomas (PCCs)
through the measurements of cortisol and catecholamine respectively. In addition, renal venous sampling and renin mea-
surement can help to diagnose renovascular hypertension and reninoma.



Therefore, it is the last but crucial step of PA diagnosis to
perform subtyping examinations.

Imaging techniques are commonly used to locate lesions.
Professors recommend that patients diagnosed with PA and
seeking a long-term cure through adrenalectomy should first
undergo imaging examinations [21]. The presence of a
solitary nodule or diffuse, uniform thickening of the adrenal
cortex on a CT image can primarily indicate whether the
adrenal disease is unilateral or bilateral [22]. Additionally,
CT scan is capable of detecting adrenocortical carcinoma
[23]. However according to previous studies, it is not reli-
able to classify PA based only on MRI/CT results [24, 25].
Even as imaging techniques continue to improve, both of
them can only be applied morphologically to detect
hyperplasia or adenoma, cannot differentiate between
functional (hormonal active) and non-functional (hormonal
inactive), and do not detect minor lesions [26]. In this case,
nonhormonal adenomas misidentified as hormonal sources
may result in the removal of normal adrenal glands.
Moreover, small unilateral adenomas, which cannot be
detected by imaging, often lead to missed radical surgery
and the failure of hypertension control. As the current
clinical practice guidelines recommend, adrenal vein sam-
pling (AVS) is the gold standard for typing PA, as deter-
mining unilateral primary aldosteronism is needed before
surgery [20]. In the AVS procedure, plasma cortisol con-
centration (PCC) and aldosterone concentration (PAC) in
the adrenal vein and peripheral venous obtained by catheter
were examined to determine which adrenal gland had
superior secretion and which type of treatment (curative
adrenalectomy or pharmacotherapy) is most appropriate.
According to large multicentre studies, when adrenalectomy
is performed under AVS guidance, 84% of PA patients can
achieve a clinical cure, and 96% can achieve biochemical
cure [27, 28] (based on blood pressure, use of anti-
hypertensive drugs, plasma potassium, and aldosterone
concentrations, and plasma renin concentrations or activ-
ities), which is significantly higher than non-AVS-guided
surgery [29, 30], suggesting that AVS is helpful to identify
patients who could benefit from surgery. However, some
studies have suggested that treating PA, whether guided by
CT imaging or AVS, does not show significant differences
in clinical benefits or biochemical success, indicating that
the evidence supporting the superiority of AVS is limited.
[31, 32]. As the gold standard of the classificatory diagnosis
of PA, AVS is currently the best but not perfect choice [33].
The limitations of AVS are significant and include the
following aspects: (1) “Lack of Morphological Informa-
tion”: AVS cannot provide any morphological details as
what imaging examinations offer. Typically, the identifi-
cation of the adrenal veins during most AVS procedures
relies on prior CT imaging. Additionally, for patients who
may require adrenalectomy, preoperative imaging is

essential for surgical planning. (2) “Technical and Acces-
sibility Challenges”: AVS is technically demanding, limit-
ing its availability across all medical institutions.
Furthermore, it inherently carries the risk of radiation
exposure. (3) “Absence of Standardized Protocols”: The
lack of unified protocol and data interpretation for AVS can
result in varying diagnoses for the same patient undergoing
the procedure. This discrepancy could also contribute to the
differing conclusions regarding the efficacy of AVS. Dr.
Chen suggests that for younger patients with PA who show
unilateral adenomas on CT scans, surgical intervention
based on CT imaging could be considered a viable option.
However, for individuals exhibiting either normal adrenal
morphology or bilateral adrenal disease, the treatment
approach should be carefully determined through AVS [34].

An important thing is that AVS is not an operation to
confirm PA, but a test should be aimed at identifying sur-
gically curable cases of PA [35]. AVS should only be uti-
lized to guide treatment choices in patients who have a
confirmed diagnosis of PA and are desiring surgery for a
long-term cure. Before performing AVS, it is mandatory to
make an unequivocal biochemical diagnosis of PA [6], but
the exception is drug-resistant hypertension (RH) patients
[36, 37]. Multiple antihypertensive drugs render compli-
cated biochemical indicators and make it difficult to obtain a
clear diagnosis of PA. In this case, if unilateral laparoscopic
adrenalectomy is performed under the demonstration of a
lateralized aldosterone excess by AVS, RH caused by PA
can often be detected and resolved. An observational pro-
spective cohort study showed that in RH patients who had
at least one clue to PA underwent AVS-guided adrena-
lectomy, 96% were biochemically cured and 20% patients
were clinically cured in that they no longer needed any
antihypertensive treatment [38].

Interpretations of results

The current global adoption rate of AVS, as a gold standard
diagnostic technique, remains insufficient. A retrospective,
multinational, multicentre questionnaire-based survey per-
formed by Japanese specialists containing 4818 PA patients
from 16 centers found that the rates of AVS implementation
and successful AVS were 66.3% and 89.3%, respectively
[8]. The reason for the low performance rate of AVS may be
the ideas that AVS is not always necessary, effective results
are not easy to obtain, patients’ misconceptions of invasive
surgical operations and their complications [39], and last
but not least, the standard operating procedures and diag-
nostic criteria are urgently deficient [36]. Many different
protocols are used to perform AVS, and there are currently
varying interpretations of results. To address this situation,
experts have performed a variety of clinical practices and
studies, but there is still no hard evidence of which one
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should be given preference. According to different analysis
procedures, the diagnosis of the same patient may differ,
suggesting that some patients may be improperly managed
because of a lack of criteria [40].

The direct results obtained from AVS generally are
plasma aldosterone concentration and plasma cortisol con-
centration from the adrenal veins and peripheral vein (often
from the inferior vena cava). However, because of the
anatomical characteristics and blood flow of the adrenal
vein, adrenal venous blood is likely to be contaminated by
blood from other tributaries. If only crude aldosterone
concentrations were compared, the interpretation of AVS
results would be biased because the dilution effects on both
sides may be different. Assuming that the same cortisol
concentration in the adrenal vein and different cortisol
concentrations in the left and right samples reflect different
dilution effects, this bias can be corrected by measuring
cortisol concentration and several related indices [41]. The
evaluation of AVS results comprises the selectivity index
(SI), lateralization index (LI), contralateral suppression
index (CSI) and relative secretion index (RASI) [42–46].
Each of them has a different meaning and usage (Table 1).

Cortisol is always the most widely used corrective hor-
mone. However, some studies have found that a few
patients have aldosterone and cortisol co-secretion lesions
[47, 48], which could affect the lateralization index and lead
to a misdiagnosis of the subtype. Measurement of the
adrenal androgen (androstenedione/DHEA) [49]/meta-
nephrine [50]/normetanephrine [51, 52] levels in the AVS
procedure helps to assess selectivity and lateralization, thus
making the diagnosis more accurate. In addition, there is a
novel “superselective” adrenal venous sampling (ssAVS)
method using specialized “microcatheters”, which collects
blood samples from adrenal tributary veins to differentiate
segmental hyper-functional areas of the adrenal gland. The
plasma aldosterone concentration in ssAVS samples does
not require other hormones for normalization because there
is no or a limited amount of irrelevant venous blood con-
tained in the samples. The ssAVS method allows bilateral
PA patients to be treated surgically by bilateral adrena-
lectomy while sparing lesion-free segments [53, 54].

2 ACS

Cushing syndrome (CS) is a rare disease characterized by
long-term elevated cortisol levels, which can also cause
hypertension. Adrenal Cushing syndrome (ACS), also
known as ACTH-independent Cushing syndrome (AICS),
is characterized by low plasma ACTH concentration and
excess cortisol produced autonomously by the adrenal
glands, accounting for approximately 20% of all CS [55].
The most common cause of ACS is unilateral cortisol-
producing adrenal adenoma, but approximately 10% ofTa
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ACS patients have bilateral adrenal disease [56]. The
standard of treatment in adrenal Cushing’s syndrome is
resection of the affected gland, unilateral adrenalectomy in
the case of an adenoma, or bilateral adrenalectomy in the
case of hyperplasia [55]. However, imaging examination,
the most commonly used localizing check, does not always
correspond to the source of hormonal excess [57]. Among
patients with ACS with bilateral adrenal masses in imaging,
it is often difficult to determine the source of excess cortisol,
which largely leads to inappropriate treatment. If the loca-
tion of hormone excess is not confirmed before bilateral
adrenalectomy, the patients with bilateral images would be
treated with lifelong glucocorticoid replacement therapy,
then they are prone to adrenal crisis and life risk. Therefore,
locating functional adrenal lesions is very important for
further treatment. Multiple reports have shown that AVS
helped to distinguish unilateral and bilateral lesions in
patients with ACS [58–62], and the postoperative patholo-
gical results proved the correct clinical diagnosis under
AVS. However, the applications of AVS in patients with
ACS are less established than in those with PA, and the
procedures and results interpretations in different centres
vary significantly. Young et al. suggested using epinephrine
concentrations to indicate successful catheterization and
using the AV/IVC cortisol ratio and cortisol lateralization
ratio (CLR) to indicate unilateral excess cortisol secretion
[63, 64]. Many studies followed their criteria [57, 61, 62],
but the reliability if these criteria still needs to be verified in
the future.

3 PCCs

Pheochromocytomas (PCCs) are catecholamine-producing
neuroendocrine neoplasms that usually present with sec-
ondary hypertension [65]. Excess catecholamine causes
chronic or paroxysmal hypertension associated with
sweating, headaches, and palpitations and increases cardi-
ovascular morbidity and mortality. Most clinical sequelae
and complications of PPCs are related to hypertension [66].
Theoretically, AVS can also be used in the localization
diagnosis of pheochromocytoma. Since the last century, it
has been used by some scholars to assist in the diagnosis of
pheochromocytoma [67]. With advances in imaging tech-
niques, most PCCs have become detectable by computed
tomography (CT), and AVS is rarely performed in the
diagnosis of PCCs. Moreover, a recent study found a wide
range of epinephrine and norepinephrine levels in non-
pheochromocytoma patients’ adrenal veins [68], and up to
an 83-fold difference between the left and right adrenal
veins was previously detected [69], suggesting that AVS
may be of limited utility in determining the laterality of
disease in patients with PCCs. It should only be used as a
supplementary tool in difficult cases [70], such as patients

with suspected pheochromocytoma without clear imaging
or laboratory features, with bilateral adrenal gland lesions
on imaging or accompanied by symptoms of primary
aldosterone or hypercortisolism [71], which are more sui-
table for AVS [72].

4 Advances

AVS is an interventional radiological procedure with a very
low rate of complications (e.g., adrenal vein rupture [73],
iodine contrast media allergy), but it is currently still
underutilized in many countries. The main reasons for its
limited use may be due to the technical challenge of
catheterization caused by the small diameter and anatomical
variations of the adrenal vein [74]. The right adrenal vein is
shorter and often enters the inferior vena cava (IVC)
directly at an acute angle; thus, failure to diagnose is usually
due to failure of catheterization of the right adrenal vein
[75]. An affiliated procedure of a study attempted to
determine whether RVS with less technical difficulty could
be used to replace AVS [76]. However, from both the
anatomical view and experimental data, the correlation
between renal vein and adrenal vein samples is poor. A
series of methods have been proposed and perfected by
scholars in this field gradually, both for problems during
operation and post-operation (Fig. 1). Given the high suc-
cess rate of AVS practices, the wide skepticism about AVS
might fade in the future. The increase in the use of AVS will
lead to an increase in the rate of adrenalectomy, and the cure
rate of PA may be improved.

Methods for problems during operation

Imaging prior to an AVS procedure allows evaluation of the
position and anatomy of the adrenal vein and IVC [77, 78],
which can shorten the operation and fluoroscopy time [79].
Moreover, CT or cone-beam CT (CBCT) during the
operation can significantly improve the success rate. When
the catheter is observed in the right place under fluoroscopic
guidance, CT is performed to ensure blood is sampled from
the adrenal vein. A study found that intraprocedural CT
images detected 14.0% inaccurate catheterization in the
right adrenal vein and helped to reposition successfully
[80]. Cone-beam CT (CB-CT)-producing images are similar
to CT scans, adding to the use of rotational angiography
through a C arm that rotates around the patient [81]. A
meta-analysis based on data from 809 patients showed that
intraoperative CT improved the success rate by 19.8% [82].
A retrospective study by Meyrignac et al. evaluated the
contribution of CB-CT to the success rate of AVS. The
overall success rate of AVS with CB-CT was 80% vs. 44%
without CB-CT (p= 0.00046), with a right-sided selectivity
of 88% vs. 49% (p < 0.0001) [9]. However, CT technology
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significantly increases the amount of additional radiation
and should be used with caution. It is preferably just used
in situations where experienced operators are unavailable or
the patient characteristics make it difficult to carry out the
AVS [83].

Stimulation with cosyntropin (a man-made form of
adrenocorticotropic hormone, ACTH) bolus or infusion
before sample collection can increase the concentration of
aldosterone and cortisol collected from the adrenal vein by
one to two orders of magnitude, enhancing the PCC gra-
dient between the adrenal vein and the inferior vena cava
and increasing the selectivity index values and confidence
of successful sampling [84]. According to some research
data in recent years, after stimulation with cosyntropin, the
success rate of bilateral cannulation could be increased by
approximately 20%, while the lateralization index decreased
[10, 85, 86]. Some of the aldosterone-producing adenomas
would be misidentified as idiopathic hyperaldosteronisms.
A retrospective analysis of the largest international registry
of 1625 individual AVS studies (AVIS-2 study) suggested

that cosyntropin could not improve AVS outcomes since it
reduced lateralization rates [73]. There still are studies fol-
lowing the treatment outcomes and pathological assess-
ments of patients exhibiting discordant lateralization results
before and after ACTH stimulation. A multicenter retro-
spective study analyzed the AVS data of 314 patients with
PA, both at baseline and ACTH stimulation, who subse-
quently underwent adrenalectomy. These patients were
categorized into three groups based on their AVS outcomes:
those with a basal Lateralization Index (LI) ≥ 2 and ACTH-
stimulated LI ≥ 4 on the ipsilateral side (classified as Uni-
lateral (U) to U group, n= 245); individuals with a basal
LI < 2 and ACTH-stimulated LI ≥ 4 (transitioning from
Bilateral (B) to (U) group, n= 15); and patients who
demonstrated a basal LI ≥ 2 with an ACTH-stimulated
LI < 4 ((U) to (B) group, n= 54). Patients in U to U group
had better surgical outcomes than those in U to B group
[87]. This study confirmed that the use of AVS does not
affect the accuracy of AVS results. Similarly, in the study
conducted by Dr. Nicholas [86], a focus was placed on 7

Fig. 1 Methods for problems during AVS operation and post-
operation. Several improvements have been introduced to address
the primary challenge encountered during AVS. The primary chal-
lenge in AVS procedure is the difficulty in catheterizing the adrenal
veins, especially the right adrenal vein. Moreover, although post-
operative iodine contrast media allergy is rare, it remains a significant
concern. Techniques such as imaging, cosyntropin stimulation, rapid
cortisol assays, and the antecubital catheterization approach have been

progressively proposed to enhance AVS success rates. For patients
with iodine contrast media allergies, alternatives such as CO2 or
Gadolinium-based contrast media, along with premedication, have
been suggested, though they are not without their flaws. Additionally,
when AVS is not feasible or reliable, scintigraphy serves as an alter-
native diagnostic tool. These advancements, while not perfect, con-
tribute to improving the procedural success rate of AVS to a
certain degree
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patients who underwent unilateral adrenalectomy, selected
based on pre-ACTH lateralization and additional indicators
suggestive of aldosterone-producing adenoma. Of these
seven, four patients achieved a surgical cure, all sharing the
common attribute of exhibiting a LI greater than 2 after
ACTH stimulation. However, the remaining three patients
obtained limited biochemical improvement after surgery,
characterized by a pre-ACTH LI greater than 3.0 and a post-
ACTH LI below 2.0. These findings further affirm the uti-
lity of ACTH stimulation tests, indicating that they hold
value, albeit not absolute, in refining the selection process
for surgical candidates in the context of PA. Therefore, the
application of ACTH stimulation needs further exploration
through more extensive clinical practice and controlled
trials. Moreover, a related point is that ACTH stimulation
can reduce the time difference of PAC between the first
sampling side and the other adrenal vein during sequential
sampling [36, 88]. When centers have a low rate of cathe-
terization success and there are no experienced radiologists
to perform simultaneous sampling, ACTH-stimulated
sequential sampling should be considered.

The rapid cortisol assay is an intraprocedural on-site test,
allowing operators to check if the catheter is properly placed
before the end of the procedure and perform resampling
rather than reintubation. The introduction of the rapid cor-
tisol assay significantly increased the technical success rate
[89, 90], decreased the radiation exposure [76], and had no
effect on subtype diagnosis [91, 92]. The only disadvantage
of this technique is the additional 25–30 min needed during
the operation to wait for laboratory results. However, since
2016, the adrenal vein sampling accuracy kit (AAK) has
been available [11]. This is a one-time point-of-care cortisol
measuring device. It is very simple to use and only requires
moving the heparinized sample to the sampling port. Cor-
tisol concentrations were measured during AVS in 2–5 min
and were significantly correlated with a conventional assay.
Retrospective studies showed that using the AAK device
increased cannulation success by approximately 30%
compared with no intraoperative cortisol measurement
[11, 93], the radiation dose was reduced, and no compli-
cations were found. The rapid cortisol assay does not have
the side effects of the above two methods and may become
an assistive technology that can be routinely used in the
AVS process.

Most AVS procedures are performed via femoral vein
access; however, in recent years, some Chinese radiologists
and cardiovascular specialists believe that sampling via the
antecubital approach can significantly reduce the difficulty
of catheterization, with a success rate obviously better than
that through the femoral vein (Fig. 2). From an anatomical
point, 89% of patients’ right adrenal veins join the inferior
vena cava from a caudal direction [94], and AVS via the
antecubital approach may be more appropriate. In a

retrospective multicentre study involving 7 Chinese medical
centers [95], 1226 patients with primary aldosteronism
underwent AVS via an antecubital approach. The success
rates of bilateral, right, and left sampling were 91.5%,
94.9%, and 95.1%, respectively. Only 0.46% of participants
experienced adrenal vein rupture, showing that AVS via an
antecubital approach was safe and feasible, with a high rate
of successful sampling. A previous study [96] involving
194 patients demonstrated the same conclusion; the rates of
successful adrenal sampling via an antecubital approach on
the right, left, and bilateral sides were all approximately
90%.

Methods for problems post-operation

AVS is a procedure that often relies on iodine contrast
media (ICM) to confirm catheter position, especially in the
right adrenal vein. This becomes a challenge for patients
with allergies to ICM or those with severe renal dysfunc-
tion, yet who require AVS for therapeutic decision-making.
Studies have highlighted that approximately 2.6–4% [97,
98] of patients seeking AVS have documented allergic
reactions to these contrast dyes. Consequently, alternative
strategies have been explored to accommodate these
patients.

A noteworthy alternative, as demonstrated in recent
research, is the use of carbon dioxide (CO2) as a contrast
medium. In one institution, 18 patients with an allergy
history to ICM underwent AVS using carbon dioxide
venography combined with intraprocedural CT, success-
fully identifying the left and right adrenal veins [99].
Additionally, Gadolinium-based contrast media (GBCM)
have been identified as another viable option [100] for
performing AVS with a high success rate and safety.
However it is not recommended for individuals with com-
promised kidney function [101]. Dr. Younes and colleagues
[98] have offered another valuable approach for patients
with ICM allergies, showcasing the feasibility of using a
small dose of dexamethasone and a nonselective anti-
histamine as premedication. These advancements enhance
the safety and effectiveness of AVS, making it accessible to
a wider range of patients while minimizing the risk of
adverse reactions.

A potential second-line tool

When patients present contraindications to AVS due to
reasons such as contrast allergies, or when AVS results are
either unattainable or inconclusive, scintigraphy emerges as
a helpful and non-invasive alternative for lateralization of
PA [102, 103]. Unlike traditional anatomical radiological
imaging techniques, scintigraphic imaging of the adrenal
glands utilizing specific radiopharmaceuticals offers the

1772 C. Liu et al.



unique advantage of correlating functional activity with
anatomical anomalies. This approach merges the char-
acteristics of both AVS and CT. Scintigraphy, encompass-
ing both adrenomedullary and adrenocortical applications,
has been proven effective in distinguishing between benign
and malignant lesions as well as differentiating unilateral
lesions from bilateral hyperplasia [104].

Introduced in 1977 [105], adrenocortical scintigraphy using
131I-NP-59 has demonstrated its utility in diagnosing and
subtyping primary aldosteronism and Cushing’s syndrome
[106, 107]. Furthermore, adrenomedullary scintigraphy based
on 131I or 123I-labeled metaiodobenzylguanidine (MIBG)
uptake has been established as a method for the localization
and treatment of pheochromocytoma and paraganglioma
[108, 109]. However, a notable limitation of scintigraphy is its
sensitivity dependency on the size of the adenoma, with dif-
ficulty in detecting adenomas smaller than 1.5 cm in diameter
[20], leading to its diminished use in many countries.

Recent years have seen a resurgence of interest in adrenal
cortical scintigraphy, thanks, in part, to advancements in
single photon emission computed tomography (SPECT).
Studies confirm that the accuracy of NP-59 SPECT in
diagnosing primary aldosteronism is comparable with that
provided by CT/MRI and AVS [103, 110], suggesting that
scintigraphy remains a viable second-line diagnostic tool
when AVS is not feasible or its results are questionable.

Renal venous sampling (RVS) and renin-
dependent hypertension

Renal venous sampling (RVS) collecting blood samples
from renal veins and peripheral veins and analysing renin in
them might be helpful in detecting renin-secreting disease.

Although RVS has not been fully popularized in hyper-
tension diagnosis, some cases and studies have proven that
RVS has a unique role in the diagnosis and evaluation of
accurate treatment of some cases of renin-dependent
hypertension [12, 111].

Renovascular hypertension (RVHT)

Renovascular disease is a common cause of hypertension,
accounting for 1% to 5% of all cases of hypertension in the
general population and 5.4% of secondary hypertension
cases in young adults, and 90% of renovascular hyperten-
sion is caused by atherosclerotic renal artery stenosis [112].
Renal artery stenosis induces renal hypoperfusion, which
activates the renin-angiotensin-aldosterone system (RAAS),
subsequently leading to an increase in blood pressure [113].
Catheter angiography and digital subtraction angiography
are the gold standard for the diagnosis of renal artery ste-
nosis [114]. Non-invasive imaging methods such as ultra-
sonography (US), scintigraphy, computed tomography
angiography (CTA), and magnetic resonance angiography
(MRA) have become increasingly utilized in medical
diagnostics [115, 116]. A number of researches conducted
in this field support that these imaging techniques can
accurately detect renal artery stenosis [117].

However, Dr. Kannan et al. conducted a review of pre-
vious studies and discovered that revascularization proce-
dures guided only by radiographic image information of
renal artery stenosis have not yielded the expected outcomes
[118]. This discovery emphasizes the importance of basing
treatment decisions on physiological criteria, not just on
radiographic evidence. The reason for this approach is that
renovascular hypertension—triggered by renal artery ste-
nosis via the renin-angiotensin-aldosterone system (RAAS)

Fig. 2 AVS via femoral vein access (A) and AVS via antecubital
approach (B). Conventional AVS is typically performed via femoral
vein access. However, the antecubital approach, which involves
navigating an angiocatheter through the forearm vein, superior vena

cava, right atrium, and inferior vena cava into the adrenal vein, pre-
sents a viable alternative or complementary method. This method is
particularly beneficial for patients whose right adrenal veins enter the
inferior vena cava from a caudal direction [94]
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—is fundamentally different from hypertension with ather-
osclerotic renal artery stenosis [119]. Surgical interventions
like renal revascularization, particularly for renal artery
stenosis that develops as a secondary consequence of long-
standing hypertension, may not be effective [120].

Patients with renovascular hypertension often present
with both clear imaging evidence of renal artery stenosis
and biochemical markers indicative of RAAS activation.
The presence of renal artery stenosis identified through
angiography in patients with hypertension does not neces-
sarily confirm it as the causative factor for their high blood
pressure. Renal vein sampling (RVS) and renin measure-
ments provide a more physiologically grounded method for
differentiating the ischemic effects of renovascular disease,
offering a logical advantage over imaging or peripheral
venous renin measurements alone [111, 121].

A case report [12] showed a patient with high systolic
pressure greater than 200 mmHg, hypokalaemia, and ele-
vated plasma renin activity (PRA). Occlusion of the left
renal artery and atrophy of the left kidney were shown in
CT image. Then, RVS was performed, indicating that the
PRA of the left vein was 3.2 times higher than that of the
right vein, proving that endocrine hyperfunction and
hypertension were caused by renal artery stenosis and an
atrophic kidney. Subsequent surgery for narrowed arteries
made blood pressure and potassium normalized. It is well
known that patients with renal vascular disease without
proper treatment often develop renal atrophy. A previous
study of renal atrophy with hypertension found that
nephrectomy was effective for blood pressure control in
patients with a bilateral renin ratio >1.5 [122]. Thus, RVS
plays a unique role in accurately identifying patients with
“true” renovascular hypertension who are likely to benefit
from surgical intervention.

Reninoma

Reninoma (juxtaglomerular cell tumour, JCT) is a rare,
renin-secreting tumour of the kidney that can cause hyper-
tension and hypokalaemia and is usually diagnosed in
adolescents and young adults. Once correctly diagnosed,
reninomas can be cured by surgical resection, with the
majority of the patients becoming and remaining normo-
tensive. Thus, for young patients with hypertension com-
bined with high plasma renin activity, it is important to
recognize reninoma. Renal ultrasound, CT and MRI are
common tests for diagnosis, but they often fail to detect
small lesions, resulting in delayed diagnosis and therapy,
which can lead to the preventable loss of nephrons [123].
Because the level of renin in the affected side kidney is
much higher than that in the opposite kidney, renin sam-
pling from both renal veins and the peripheral vein can help
to identify the site of excessive renin production. In

previous cases, patients underwent RVS to confirm the
diagnosis of reninomas. After partial nephrectomy, hyper-
tension, hyperreninemia, and hypokalaemia were com-
pletely resolved, and histopathology postoperation also
confirmed the diagnosis [13, 14, 123–125]. In some cases
where diagnosis is difficult, the location of the lesion can be
identified more precisely by segmental RVS from each renal
vein [126, 127].

Conclusion

We reviewed clinical research investigating the applications
and protocols of selective venous sampling (SVS) in diag-
nosing subtypes and guiding treatment strategies for com-
plex cases, especially those lacking definitive imaging or
laboratory markers. Among the SVS techniques, adrenal
vein sampling (AVS) is particularly noteworthy. As the
gold standard for classificatory diagnosis of primary
aldosteronism (PA), it could be applied not only to PA but
also to other endocrine diseases associated with secondary
hypertension, such as adrenal Cushing syndrome (ACS) and
Pheochromocytomas (PCCs). Despite its potential, AVS’s
application and recognition in managing ACS and PCCs lag
behind its established role in PA, with the low success rate
of catheterization, the controversy of results interpretation,
and the absence of a standardized protocol.

Moreover, the AVS technique for PA necessitates
refinements to enhance its procedural success. Intraproce-
dural cortisol testing (CCF) has shown promise in
improving catheterization success rates in AVS for PA. The
deployment of imaging methods and ACTH stimulation
may benefit centers with low AVS success rates in PA
diagnosis. The standard protocol for results interpretation
and catheterization via the antecubital approach need further
investigation. The use of carbon dioxide (CO2) or
Gadolinium-based contrast media (GBCM), alongside with
premedication should be recommended for patients with
allergies to iodine contrast media (ICM) to reduce adverse
events. Finally, when AVS is not a viable option, scinti-
graphy emerges as a potential diagnostic alternative.

Renal venous sampling (RVS), which is similar to AVS
in principle and procedure, emerges as a diagnostic tool for
identifying renin-dependent hypertension, such as reno-
vascular hypertension and reninoma. Although not routinely
recommended as a prevalent tool, evidence supports RVS’s
efficacy in pinpointing the source of excess hormone and
identifying optimal surgical candidates among hypertensive
patients with renin angiotensin aldosterone system (RAAS)
abnormal activation.

In summary, increasing the use of SVS can help to
improve the diagnosis and cure rate of SH. Experts should
adopt it more flexibly and fearlessly so that the technology
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becomes more mature, used more frequently, applied to
more diseases, less technically difficult, and accepted by
more patients, as it should be. Making high-quality SVS
more widely available is better for our profession and, more
importantly, for patients.
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