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Abstract

Background and purpose Adrenal venous sampling (AVS) is used for the diagnosis of primary hyperaldosteronism. Tech-
nical difficulties with right adrenal vein (RAV) catheterization can lead to erroneous results. Our purpose was to delineate
the location of the RAV on pre-procedural CT imaging in relation to the location identified during AVS and to report on the
impact of successful RAV cannulation with and without the use of intra-procedural CT scanning.

Methods Retrospective case series including patients who underwent AVS from October 2000 to September 2022. Clinical
and laboratory values were abstracted from the electronic medical record. Successful cannulation of the RAV was defined
as a selectivity index > 3.

Results 110 patients underwent 124 AVS procedures. Pre-AVS CT imaging was available for 118 AVS procedures. The
RAYV was identified in 61 (51.7%) CT datasets. Biochemical confirmation of successful RAV cannulation occurred in 98
(79.0%) of 124 AVS procedures. There were 52 (85.2%) procedures in which the RAV was identified on pre-AVS CT and
there was biochemical confirmation of successful RAV sampling. Among these 52 procedures, the RAV was localized dur-
ing AVS at the same anatomic level or within 1 vertebral body level cranial to the level identified on pre-AVS CT in 98.1%
of cases. The rate of successful RAV cannulation was higher in patients who underwent intra-procedural CT (93.8% versus
63.9%), P<0.01.

Conclusions Pre-AVS and intra-procedural CT images provide an invaluable roadmap that resulted in a higher rate of
accurate identification of the RAV and successful AVS procedures; in particular, search for the RAV orifice during AVS
can be limited to 1 vertebral body cranial to the level identified on pre-AVS CT imaging and successful cannulation can be
confidently verified with intra-procedural CT.
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Introduction

Primary aldosteronism (PA) is a frequent cause of sec-
ondary hypertension. PA is increasingly seen as under-
diagnosed [1, 2]. There is a spectrum of presentations
in patients with PA ranging from asymptomatic cases
to florid cases of uncontrolled hypertension that can be
poorly responsive to multiple antihypertensive medica-
tions and therapies causing end organ damage [3]. Most
common causes of PA include aldosterone-secreting adre-
nal adenoma and bilateral adrenal hyperplasia.

Adrenal venous sampling (AVS) has become the gold
standard in the diagnosis of PA to differentiate unilateral
vs. bilateral aldosterone overproduction in patients older
than 35 years old [4]. AVS is a procedure by which blood
is acquired directly from the right adrenal vein (RAV), left
adrenal vein (LAV), and a peripheral vein. The right and
left adrenal veins contain higher concentrations of adrenal
hormones (i.e., aldosterone and cortisol) relative to the
peripheral blood. Therefore, direct sampling of adrenal
venous blood can confirm a functioning unilateral adrenal
adenoma and bilateral adrenal hyperplasia. Discordance
between an imaging identification of an adrenal nodule
and localization of aldosterone hypersecretion via AVS can
be present in up to 20% of cases, underscoring the clinical
importance of AVS [5-7]. Specific lateralization ensures
that the correct side has been identified for resection. If
not performed properly and the results are inadequate, the
consequences can be devastating by resulting in the wrong
gland removed, no gland removed or hematoma and injury
to the vein that decrease functional capacity of the adrenal.

Despite the clinical utility of AVS, the procedure can
be technically challenging with first time success rates as
low as 70% [8—11]. The low success rates are attributed
to difficulty with RAV catheterization, which may result
from a host of factors [8]. Accurate identification of the
RAV is dependent on operator experience, as it has numer-
ous anatomic appearances. Confusion with an accessory
hepatic vein is also possible. Anatomically, the RAV is
short, 2-3 mm in diameter, and arises either directly from
the inferior vena cava (IVC) or an accessory hepatic vein
[8]. In contrast to catheterization of the RAV, successful
catheterization of the LAV is performed with nearly 100%
accuracy given that the LAV and phrenic vein confluence
arises directly from the cephalad aspect of the left renal
vein.

CT imaging may provide invaluable anatomic informa-
tion that can improve successful RAV catheterization [12].
The location of the RAV can be inferred from a preproce-
dural CT [13-16]. In a study by Omura K et al. the authors
correlated RAV orifice location on pre-AVS CT imaging
with RAV orifice location during AVS and found that 84%
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of RAVs localized during AVS to within 1 vertebral body
cranial or caudal to the location seen on CT [14]. Another
technique that offers the potential to improve successful
RAV catheterization is intraprocedural CT [17-21]. In a
meta-analysis of 809 patients, Hefezi-Nejad et al. demon-
strated that success rates of RAV catheterization improved
19.8% (P <0.0001) with the addition of intraprocedural
CT [21]. The purpose of this study was two-fold. First,
we sought to evaluate the location of the RAV orifice on
pre-AVS CT imaging relative to the location of the RAV
during AVS to determine if the location of the RAV could
be further refined based on pre-AVS CT imaging. Second,
we evaluated the effect upon successful RAV catheteriza-
tion in our own cohort of patients who underwent intrap-
rocedural CT during AVS compared to a cohort of patients
who did not undergo intraprocedural CT during AVS.

Methods

This retrospective cohort study was IRB-approved with
waiver of informed consent granted. Patients with an
AVS procedure at our institution between October 2000
and September 2022 were included in this study. Patient
demographics, laboratory values (aldosterone and cortisol),
radiographic images, and procedural details were abstracted
from the electronic health system. Pre-AVS CT images dur-
ing the arterial and venous phases of imaging (if available)
and intraprocedural fluoroscopic images and CT images (if
acquired) were evaluated.

Pre-AVS CT images were evaluated for all patients
included in our study for identification of the RAV. The loca-
tion of the RAV orifice relative to the spine was identified
on axial images using the arterial phase (if acquired) and
venous phases of imaging. An anatomic level assigned based
on the closest 1/3rd of a vertebral body or intervertebral
disk space. In a similar fashion, the location of RAV during
AVS was recorded based on fluoroscopic imaging during
mid-expiration (Fig. 1). The location of the RAV based on
the pre-AVS CT images and fluoroscopic images from the
AVS procedure were considered concordant if two criteria
were met: (1) RAV identified in the pre-AVS CT scan and
(2) selectivity index (SI, ratio of cortisol concentration in the
respective adrenal vein to that of the peripheral vein) > 3 for
the sample obtained from the RAV.

AVS procedures were performed by 1 of 3 interventional
radiologists (PH, RA, and SH) with 10 to 20 years of expe-
rience performing the procedure. The authors utilized the
sequential sampling technique and ensured that aliquots
from the adrenal veins and peripheral vein were taken within
10 min of one another as prior studies have shown that adre-
nal activity is relatively stable within this time [22]. Patients
were given cosyntropin intravenously at 50 ug per hour
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Fig. 1 CT imaging and intrap-
rocedural fluoroscopic images
during AVS. a Axial CT images
from a pre-AVS CT scan dem-
onstrates the origin of the RAV
(arrow). b Sagittal reformatted
CT image from the pre-AVS CT
scan demonstrates that the RAV
origin (double arrow) maps

to the lower third of the T11
vertebral body (dotted line). ¢
Intraprocedural fluoroscopic
image during AVS demonstrates
the RAV (as confirmed with a
SI> 3, double arrowhead) at
the level of the lower third of
the T11 vertebral body. AVS
Adrenal vein sampling, RAV
right adrenal vein, SI selectivity
index

N
-

beginning 1 h prior to the procedure. Cosyntropin was con-
tinued throughout the procedure. Following right common
femoral vein access, a 5-French introducer sheath (PINNA-
CLE®, TERUMO Medical Corporation, Somerset, NJ) was
placed. A small (approximately 2 mm) hole was cut along
the upper surface of the distal tip of a 5-French C2, Mikaels-
son, or Simmons 1 catheter (Cook Medical, Bloomington,
IN). The catheter was then used to catheterize the RAV. At
the discretion of the interventional radiologist, an intrapro-
cedural CT may have been performed to confirm success-
ful cannulation of the RAV. Depending on the equipment
available in the procedure room during AVS, intraprocedural
CT (n=064) was acquired as either cone-beam CT (CBCT)
(n=27 [42.2%]; DynaCT on Artis Q or Artis zeego, Sie-
mens Healthineers USA, Malvern, PA) or multidetector CT
(MDCT) in a hybrid angio-CT room (n=37 [57.8%], Defini-
tion Edge, Siemens Healthineers USA, Malvern, PA). CBCT
was acquired using the full image receptor for a field of view
(FOV) of approximately 24 X24 % 17.9 cm at isocenter and
a 210° rotation lasting approximately 6 s. Exposure param-
eters were set automatically by the automatic exposure
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control (AEC) logic within the default 6sDCT Body proto-
col. The reconstructed voxel size was an isotropic 0.47 mm?>.
Both of the patient’s arms were raised over the head dur-
ing image acquisition and breath holds were requested from
the patient. Intraprocedural MDCT was acquired using the
interventional imaging mode of the Definition Edge (i-Spi-
ral), with the following settings: 120 kV (CarekV on, Slider
Position 9, reference kV of 120), quality reference mAs of
300, 0.5 s rotation time, pitch of 1.0, detector configuration
of 32x 1.2, 5 mm image thickness and Bf37 kernel, and a
scan delay after contrast administration of 38 s. The MDCT
scan range included 2 vertebral bodies superior and 2 verte-
bral bodies inferior to the catheter location within the RAV
orifice based on the initial CT topogram. Intraprocedural
CBCT scans were acquired during mid-expiration and the
arms were raised above the patient’s head. Intraprocedural
MDCT scans were acquired without breath holding and the
arms remained at the patient’s side. Both CBCT and MDCT
were performed following catheterization of the RAV orifice
(Fig. 1). Visipaque™ (320 mg/mL) contrast (GE Healthcare,
Chicago, IL) was injected (contrast to saline ratio of 1:5)
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via a Nemoto Press Duo contrast injector (Siemens Health-
ineers, Malvern, PA) at a rate of 0.5 to 1 mL per second for a
total volume of 2-3 mL. MDCT images were reconstructed
in axial, coronal, and sagittal planes with 1.25 mm thickness
at 1.25 mm intervals, with the axial FOV set to include all
relevant anatomy. If the intraprocedural CT scan confirmed
appropriate placement of the catheter within the RAV, then
aspiration of the RAV was performed via a 10 mL syringe.
Next, the LAV was cannulated with a Simmons 2 catheter
(Cook Medical, Bloomington, IN). Finally, aspiration of
10 mL of PV blood was performed from the right common
femoral vein sheath which was subsequently removed. The
cohort of patients who underwent intraprocedural CT imag-
ing during AVS were compared with the cohort of patients
who did not undergo intraprocedural CT imaging to deter-
mine if there was a difference with respect to obtaining a
RAV SI>3[6].

Statistical analysis

Variables were summarized using median and range. Fish-
er’s exact tests were used for comparisons, as appropriate.
Statistical analyses were performed using GraphPad (Graph-
Pad Software, Boston, MA). P-values < 0.05 were consid-
ered statistically significant.

Results

The database included 124 AVS procedures involving 110
patients performed from October 2000 through September
2022. Descriptive data for the patients and procedures are
presented in Table 1.

Successful cannulation of the RAYV, as defined as a SI> 3,
was achieved in 98 (79.0%) of 124 procedures. Pre-AVS CT
imaging was available prior to 118 (95.2%) of the 124 AVS
procedures. On these 118 pre-AVS CT imaging datasets, the
RAV was identified on 61 (51.7%) pre-AVS CT datasets.
For these 61 procedures in which the RAV was identified

on pre-AVS CT imaging, the RAV was successfully cath-
eterized in 52 (85.2%) procedures and there were 9 (14.8%)
unsuccessful AVS procedures. Of note, intraprocedural CT
was performed during 34 (55.7%) of the 61 procedures in
which pre-AVS CT imaging successfully identified the RAV.
When the RAV could not be identified on pre-procedural
imaging (63 procedures), the RAV was successfully cath-
eterized in 46 (73.0%) procedures and there were 17 (27.0%)
unsuccessful AVS procedures, P=0.12.

There were 52 AVS procedures in which both the location
of the RAV on pre-AVS CT imaging was identified and the
RAYV SI> 3. The mapping between the RAV location based
on the pre-AVS CT images compared with the fluoroscopic
images during AVS demonstrated the following:

1. 17 (32.7%) procedures showed exact concordance of the
RAV location based on AVS and pre-AVS CT imaging.

2. 12 (23.1%) procedures demonstrated RAV localization
1 level cranial to the level identified on pre-AVS CT
images.

3. 15 (28.8%) procedures demonstrated RAV localization
2 levels cranial to the level identified on pre-AVS CT
images.

4. 7 (13.5%) procedures demonstrated RAV localization
3 levels cranial to the level identified on pre-AVS CT
images.

5. 1(1.9%) procedure demonstrated RAV localization >4
levels cranial to the level identified on pre-AVS CT
images.

The rate of successful RAV cannulation during AVS
was significantly greater when intra-procedural CT was
performed (n=60 [93.8%] of 64 procedures) compared
with AVS procedures in which intra-procedural CT was
not performed (n=39 [63.9%] of 61 procedures) P<0.01.
Of note, of the 64 procedures in which intraprocedural CT
was performed, 27 (42.2%) used CBCT and 37 (7.8%) used
MDCT. The rate of successful RAV cannulation was 88.5%
(n=23 of 26 procedures) when CBCT was used during the

Table 1 Patient characteristics Age (median, years)

54.1 (range, 20.8-75.9)

Sex

Body mass index (median, kg/m?)

Pre-AVS blood pressure, systolic (median, range, mmHg)
Pre-AVS blood pressure, diastolic (median, range mmHg)
Number of pre-procedural antihypertensives (median)
Plasma aldosterone concentration (median, ng/dL)

CT imaging available prior to AVS (Yes/No)

RAV identified in pre-AVS CT imaging (Yes, percent)

RAV SI>3

72M:38F

32.8 (range, 20.8-57.2)

149 (range, 107-184)

86 (range, 61-118)

3 (range, 0-7)

22 (range, 3-275)

118 Yes; 6 No

61 Yes (51.7%)

98 (79.0%) of 124 AVS procedures

AVS Adrenal vein sampling, RAV right adrenal vein, SI selectivity index
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AVS procedure compared to 97.3% (n=36 of 37 procedures)
when MDCT was used (P =0.30). Of note, there were 33
AVS procedures in which the RAV was not identified on pre-
AVS CT imaging and no intraprocedural CT was performed,
and the RAV was only successfully cannulated during 17
(51.5%) of these procedures.

Discussion

The current study compared the rate of RAV localization
on pre-AVS CT imaging to the rate of RAV localization
during AVS. As demonstrated on prior studies, localization
of the RAV on pre-AVS CT aids the proceduralist by pro-
viding a range of potential locations for the RAV during
AVS [13-16]. Interventional radiologists will typically begin
searching for the RAV at T11 and then probe the IVC for
2 vertebral bodies in the cranial and caudal directions. Our
study demonstrates that the range of potential RAV locations
during AVS can be be further refined when its position is
identified on pre-AVS CT. Specifically, we found that the
RAV localized within 3 levels (for purposes of our study a
level was defined as a third of a vertebral body or disk space)
cranial to the location identified on pre-AVS CT imaging in
98.1% of cases. While the location of the RAV on pre-AVS
CT imaging and fluoroscopy is not exact, the more limited
search area to probe the IVC for the RAV orifice may facili-
tate decreased procedure time, radiation exposure, and con-
trast dose. Furthermore, we postulate that our finding that
the localization of the RAV within 3 levels cranial to the
location found on pre-AVS CT imaging may be secondary
to the differences in respiration during pre-AVS CT imag-
ing and AVS. Specifically, CT imaging is performed during
mid-expiration compared to imaging during AVS when the
patient is most often in the expiratory phase of respiration.
The different pattern of respiration and the degree of seda-
tion may account for the observed differences in localization.
Another potential benefit of accurate identification of the
RAV using pre-AVS CT images is to aid the procedural-
ist with the axis of orientation of the RAV, which may be
directed in the posterior, posterolateral, or lateral positions
relative to the IVC.

This study underscores the importance of pre-AVS CT
imaging. While no significant difference in successful RAV
cannulation during AVS were observed when the RAV ori-
fice was identified on pre-AVS CT imaging, it is possible
that these results are confounded by the utilization of intrap-
rocedural CT in only 64 (51.6%) of 124 AVS procedures
during the study period. As evidence of the importance of
pre-AVS identification of the RAV on CT imaging, the rate
of successful RAV catheterization in our patient cohort was
low (51.5%; n=17 of 33 procedures) when both of the fol-
lowing conditions were met: (1) pre-AVS CT imaging failed

to demonstrate the RAV and (2) intraprocedural CT was not
performed. The main benefit of pre-AVS identification of the
RAV orifice is to pinpoint the potential area of the IVC from
which the RAV originates. While not specifically assessed
in this retrospective review, we surmise that limiting the
range in which the RAV may originate may help to decrease
fluoroscopy and procedure times during AVS.

At our institution, we utilize a specific CT imaging pro-
tocol to aid in visualization of the RAV. Prior studies have
shown that the RAV is best visualized on CT using thin-slice
reconstructions (0.5-0.75 mm slice thickness) and imaging
during multiple phases of contrast enhancement (i.e., arte-
rial, “late” arterial [10—15 s after the initial scan], venous
[70 s after the initial scan], and delayed [3 min after the ini-
tial scan] phases) [14, 23]. The importance of a specific pro-
tocol for imaging of the adrenal glands and veins is impor-
tant for two reasons: to facilitate identification of the RAV
for AVS and to aid the surgeon with a priori identification
of RAV aberrations (e.g., duplicated RAV or <1 cm RAV
length) that may facilitate posterior retroperitoneoscopic
adrenalectomy.

This study supports previous findings of the utility of
intra-procedural CT during AVS [17-21]. The rate of suc-
cessful RAV sampling increased from 63.9 to 93.8% when
catheter position was confirmed by intraprocedural CT
acquired after contrast administration through the catheter
placed into the RAV (P <0.01). CBCT was used for 27
(42.2%) of 64 intraprocedural CT scans and MDCT was used
in 37 (57.8%) of 64 AVS procedures. While no correlation
between the type of intra-procedural CT scan used and the
subsequent success of RAV catheterization was observed,
there are practical differences between CBCT and MDCT.
First, CBCT is limited by a relatively long acquisition time,
typically 6 s, as opposed to MDCT, which had an image
acquisition time of approximately 1-2 s for a comparable
image volume. The long acquisition time may lead to arti-
facts from respiratory motion, especially if the patient is
sedated as minimal or moderate sedation can impact the
depth of the respiratory cycle. Second, higher available
radiation output in MDCT offers flexibility in positioning
of the patient’s arms. The patient’s arms were raised above
their head during CBCT while the patient’s arms remained
by their side during MDCT. Considering the RAV’s short
length and small diameter, these arm movements during
CBCT can lead to dislodgement of the catheter used to can-
nulate the RAV during image acquisition. Finally, the tip
of the catheter used to cannulate the RAV is radiopaque to
improve visualization during fluoroscopy. The radiopacity
of the tip, however, causes streak artifacts in CBCT images.
Streak artifacts are less severe in MDCT compared to CBCT
owing to increased angular sampling and reduced beam
hardening, facilitating accurate identification of the RAV
during AVS (Fig. 2).
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Fig.2 Intraprocedural CT
images of the RAV during AVS.
a 65-year-old male was referred
for AVS. Axial image from an
intraprocedural CBCT scan
showing the RAV (thin arrow).
Steak artifact is caused by the
radiopaque marker at the tip of
the C2 catheter (thick arrow)
which is used to cannulate the
RAV. b Coronal reconstruction
demonstrates the C2 catheter
(thick arrow) and faint contrast
within the medial limb of the
right adrenal gland (thin arrow).
¢ 59-year-old male was referred
for AVS. Axial image from
MDCT demonstrates the RAV
(thin arrow). While the tip of
the C2 catheter (thick arrow) is
radiopaque, the degree of streak
artifact is less pronounced than
on CBCT. d Coronal recon-
struction demonstrates contrast
clearly opacifying the entirety
of the adrenal gland (thin
arrow). RAV right adrenal vein,
AVS adrenal venous sampling,
CBCT cone-beam CT, C2
Cobra-2, MDCT multidetector
CT

This study has the following limitations. First, this study
was retrospective with its attendant biases. Operators at our
institution place an emphasis on high-quality pre-AVS CT
imaging as well as performing intraprocedural CT when-
ever the technology is available in the procedural suite. The
predisposition of our practice to emphasize pre-AVS and
intraprocedural CT imaging may introduce a bias towards
detecting a difference. Second, the success rates of AVS
procedures increased over time. The importance of physi-
cian experience for the success rate of RAV catheterization
cannot be overstated. The protracted time frame of this study
(22 years) introduces a confounding effect of increasing
operator experience. It should be noted, however, that one of
the most difficult aspects of successful RAV catheterization
during AVS is the wide variation in radiographic appearance
[8]. Our experience was that intra-procedural CT served to
expedite the learning curve for interventional radiologists
during their early experience, introducing them to the dif-
ferent radiographic appearances of the RAV. Third, the pre-
AVS CT imaging evaluated in this study was conducted at
various institutions. Prior studies have evaluated the accu-
racy of CT imaging in depicting the RAV. Fourth, most
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intraprocedural CT images were acquired using MDCT,
which provides superior contrast and temporal resolution
compared to CBCT. While other studies have described
similar improvements with successful RAV catheterization
when using CBCT, our results should be interpreted with
the caveat that a MDCT imaging was used in most of the
procedures in which the RAV was successfully cannulated
during AVS.

Our findings corroborate the utility of pre-AVS CT imag-
ing and intra-procedural CT imaging to facilitate successful
RAYV sampling during AVS. Given the high prevalence of
hypertension and the suspected underdiagnosis of PA, utili-
zation of AVS will likely increase. Success of the procedure
is primarily contingent upon cannulation of the RAV. This
work also provides a CT-guided roadmap for improving the
success of AVS.
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were made. The images or other third party material in this article are
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