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PURPOSE
We aimed to evaluate the accuracy of multidetector comput-
ed tomography (MDCT) venous mapping for the localization 
of the right adrenal veins (RAV) in patients suffering from pri-
mary aldosteronism. 

METHODS
MDCT scans of 75 patients with primary aldosteronism be-
tween March 2008 and November 2011 were evaluated 
by two readers (a junior [R1] and a senior [R2] radiologist) 
according to the following criteria: quality of RAV depiction 
(scale, 1–5), localization of the RAV confluence with regard to 
the inferior vena cava, and depiction of anatomical variants. 
Results were compared with RAV venograms obtained during 
adrenal vein sampling and corroborated by laboratory test-
ing of cortisol in selective RAV blood samples. Kappa statistics 
were calculated for interobserver agreement and for concor-
dance of MDCT mapping with the gold standard. 

RESULTS
Successful RAV sampling was achieved in 69 of 75 patients 
(92%). Using MDCT mapping, adrenal veins could be visu-
alized in 78% (R1, 54/69) and 77% (R2, 53/69) of patients. 
MDCT mapping led to correct identification of RAV in 70% 
(R1, 48/69) and 88% (R2, 61/69) of patients. Venograms re-
vealed five cases of anatomical variants, which were correctly 
identified in 60% (R1, R2). MDCT-based localizations were 
false or misleading in 16% (R1, 11/69) and 7% (R2, 5/69) 
of cases. 

CONCLUSION
Preinterventional MDCT mapping may facilitate successful 
catheterization in adrenal vein sampling.

P rimary aldosteronism (PA) has lately been claimed to be one of 
the most common causes of secondary hypertension, with reports 
indicating a prevalence of more than 10% (1, 2), especially in pa-

tients with resistant hypertension (3). While PA is more common than 
previously thought, the majority of cases is not accompanied by the full 
clinical picture of Conn’s syndrome (triad of hypertension, hypokale-
mia, and metabolic alkalosis), and many patients are in fact normoka-
lemic. In addition to its role in causing hypertension, PA may also be 
an independent cardiovascular risk factor, as demonstrated by higher 
cardiovascular and renal morbidity in patients suffering from PA in 
comparison to matched controls with essential hypertension (2, 4, 5). 
PA is caused either by an aldosterone-producing adenoma (65%–70% 
of cases) or bilateral adrenal hyperplasia (30%–35% of cases), whereas 
unilateral adrenal hyperplasia, aldosterone-producing carcinomas, or an 
ectopic secretion of aldosterone are rare (6). Differentiation of the un-
derlying condition is crucial for the treatment of patients with PA: while 
unilateral disease can be cured by laparoscopic adrenalectomy, cases of 
bilateral aldosterone secretion will be medically treated with mineralo-
corticoid receptor antagonists. 

The 2008 Endocrine Society Clinical Practice Guidelines recommend 
computed tomography (CT) of the adrenal region in all patients with 
biochemically confirmed PA, to rule out malignancy (2). The primary 
indication does not involve the subtype differentiation of PA, because 
multidetector computed tomography (MDCT) and magnetic reso-
nance imaging (MRI) have both been proven to be scarcely sensitive 
and specific in the detection of aldosterone-producing adenomas (7). 
Hence, adrenal vein sampling (AVS) continues to represent the gold 
standard in the subtype differentiation of PA. However, AVS is a tech-
nically demanding interventional procedure even in experienced in-
stitutions. While the catheterization of the left adrenal vein is usually 
uncomplicated, sampling of the right adrenal vein (RAV) is often more 
challenging. Therefore, in the majority of cases successful bilateral AVS 
fails because of the missing catheterization on the right side (8–10). 
Published success rates for this procedure range from 42% up to 98% 
in experienced hands (11). 

Few authors have mentioned the possible advantage of reading CT-
scans prior to AVS to identify the RAV (8, 12). To our knowledge, this is 
the first report on venous MDCT mapping for AVS. The purpose of this 
study was to evaluate the usefulness of newly introduced MDCT venous 
mapping for the localization of the RAV prior to selective catheteriza-
tion in patients suffering from PA.
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Methods
Internal review board of the Lud-

wig-Maximilians-University (LMU) 
Munich approved this chart review 
study. Patient data was extracted 
from the German Conn Registry (13). 
Patients provided formal written in-
formed consent for taking part in the 
prospective German Conn Registry.

Patients
MDCT scans of 75 consecutive pa-

tients with PA (52 men, 23 women; 
mean age, 52±11 years; range, 15–78 
years), obtained between March 2008 
and November 2011 were analyzed 
by two blinded readers independent-
ly and retrospectively. All patients had 
arterial hypertension, elevated aldoste-
rone-to-renin ratio and abnormal saline 
suppression (2 L of normal saline in-
fused over four hours). For the diagnosis 
of unilateral aldosterone secretion the 
aldosterone-to-cortisol ratio from one 
adrenal vein had to be ≥4 times that of 
the contralateral side (14). Interpreta-
tion of laboratory results confirmed 45 
cases of unilateral excessive aldosterone 
secretion (27 cases left, 18 cases right) 
and 24 cases of bilateral disease.

CT examinations
Patients with diagnosed PA received 

adrenal CT-imaging according to the 

Endocrine Society Clinical Practice 
Guidelines (2, 6). These preinterven-
tional CT scans were used for MDCT 
mapping. Therefore, no additional 
radiation exposure occurred in this 
retrospective study. A total of 70 pa-
tients had both unenhanced and con-
trast-enhanced MDCT scans, while 
five patients were examined without 
intravenous contrast due to impaired 
renal function. A 64-slice MDCT scan-
ner (Brilliance; Philips Healthcare, 
Best, the Netherlands) was used and 
the following scanning parameters 
were applied. For unenhanced scan-
ning, collimation was 64×0.625 mm, 
pitch 0.891, rotation time 0.5 s, tube 
voltage 120 kV, tube current 200 mAs. 
The dose modulation was not adapt-
ed to thin slices but to the recon-
struction slice thickness of 3 mm. As 
aldosterone-producing adenomas of 
the adrenal glands are typically very 
small in size and some patients pres-
ent with diffuse micronodular chang-
es, contrast-enhanced CT for patients 
without contraindications is a stan-
dard at our institution. Contrast-en-
hanced scans were obtained in a late 
venous phase after the administration 
of 2 mL/kg bodyweight of Iomeprol 
350 mg I/mL (Imeron, Bracco Imaging 
Deutschland GmbH, Konstanz, Ger-
many) injected at a flow rate of 2.5 

mL/s via an antecubitally positioned 
peripheral venous line. Scanning was 
performed in breath-hold expiration 
90 s after contrast injection in order 
to obtain optimal visibility of venous 
vessels in the venous phase. Adjust-
ments were as follows: collimation 
64×0.625 mm, pitch 0.951, rotation 
time 0.75 s, tube voltage 120 kV, max 
tube current 250 mAs. Reconstructed 
slice thickness was 3 mm including 
multiplanar reconstructions in three 
standard planes. 

CT interpretation
MDCT images were evaluated using 

the hospital PACS (Syngo Imaging 
V35A, Siemens Healthcare, Erlangen, 
Germany). CT images were analyzed 
retrospectively and independently 
by two radiologists: reader 1 (R1) had 
two years of experience in radiology 
(no adrenal venous sampling), reader 
2 (R2) had six years of experience in-
cluding adrenal venous sampling. The 
location and level of the right adrenal 
veins orifice were evaluated in axial, 
coronal and sagittal reformats using 
slices of 3 mm thickness. The position 
of the RAV, as assessed this way, was 
then displayed on the CT-scout using 
the slice tool as performed in our clin-
ical routine by the interventional ra-
diologist planning the AVS (Fig. 1). 

Figure 1. a–c. Example of an adrenal vein mapping. Axial contrast-enhanced CT scan (a) gives excellent visualization of the right adrenal vein (RAV, 
arrowhead) located in Level 10. CT scout image (b) displays the slice position (white line) corresponding to (a). The angiogram (c) shows excellent 
correlation between the location of the RAV during adrenal vein sampling and the position that was found in adrenal vein mapping.
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The extra-glandular part of the RAV 
was identified according to the criteria 
described by Matsuura et al. (12), as 
follows: It was assumed that the RAV 
was depicted when a tubular or linear 
structure was seen originating from the 
right adrenal gland and entering the 
inferior vena cava (IVC) either directly 
or indirectly. Contrast-enhancement 
of the structure was not a requirement; 
it could also be in contrast to the sur-
rounding fat tissue or to other sur-
rounding structures. 

Adrenal vein sampling
AVS was performed by the senior ra-

diologist (R2). He performed AVS after 
evaluation of MDCT images regarding 
the RAVs position and anatomical vari-
ants (MDCT mapping), without mak-
ing any records. At the time of inter-
vention, he was unaware of the results 
of CT-mapping reported in this study. 
This data was collected retrospectively, 
at least 12 months after AVS to avoid 
bias. Patients were placed in supine po-
sition with arms besides their body. A 
5 F sheath was introduced via the right 
common femoral vein, and 4 F hy-
drophilic angiography catheters were 
used for the selective catheterization 
of the adrenal veins. In particular, the 
cannulation of the left adrenal vein 
was performed using a catheter with 
Bentson-Hanafee-Wilson-1 (Radiofo-
cus Glidecath, Terumo Europe N.V., 
Leuven, Belgium) configuration and 
the RAV was catheterized either with 
Simmons-Sidewinder 1 (65 cm) or Co-
bra 2 (Radiofocus Optitorque, Terumo 
Europe N.V.) configuration. Position-
ing of the catheter was assessed by 
pulsed fluoroscopy (15–30 p/s, Poly-
tron TOP, Siemens Healthcare) under 
free breathing and by selective retro-
grade venograms of the adrenal veins. 
A sample from the sheath was collected 
at the same time as the selective adre-
nal vein sample to allow for gradient 
calculations of selective and peripheral 
cortisol and aldosterone serum levels. 
Selective AVS was assumed when the 
concentration of cortisol in the selec-
tively taken sample was at least twice 
the concentration of the simultane-
ously drawn sample from the catheter 
sheath in the femoral vein (selectivity 
index: cortisol in adrenal vein/cortisol 
in right femoral vein ≥2.0) (15). Selec-

tive blood samples of the right adrenal 
vein were collected in 69 of 75 patients, 
with the selectivity index ranging from 
2.0 to 151.7 (mean, 17.9; median, 6.1).

Evaluation of MDCT mapping
RAV visualization was evaluated on 

contrast-enhanced scans, except for 
cases having only unenhanced scans. 
The quality and reliability of imaging 
for visualization of the RAV was scored 
using a five-point semiquantitative 
confidence scale (5, excellent; 4, good; 
3, moderate; 2, poor; 1, not visible;  
Fig. 2). Scores 3–5 represented ade-
quate visualization. 

Localization of the RAV orifice was 
determined and labeled from cranial to 
caudal in 17 anatomical levels from the 
middle of the 10th thoracic vertebra to 
the bottom of the 1st lumbar vertebra 
(Fig. 3). Each vertebral body was subdi-
vided into four equal levels from crani-

al to caudal and one additional section 
representing the vertebral disc. Seg-
mentation was done on the basis of the 
anatomical study by Monkhouse and 
Khalique (16). According to his data, 
Levels 8–12 were defined as the center, 
whereas Levels 1–7 and Levels 13–17 
were named off-center regions. In cases 
with no visible adrenal vein, the RAV 
orifice was estimated using the level of 
the adrenal gland center, as suggested 
by Daunt (8). The exact metric extent of 
one level is not important for the study 
or the AVS procedure. However, to pro-
vide an estimation of segment sizes, the 
vertebral bodies and the intervertebral 
discs were measured in a randomly cho-
sen exemplary subcohort of 12 patients 
(six males and six females; mean age, 
49.8 years).

Anatomical variants were registered 
descriptively. The normal finding was 
defined as one central adrenal vein 
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Figure 2. a–d. Different degrees of right adrenal vein (RAV) visualization. Examples of axial contrast-
enhanced CT scans with identical ratings from both readers for excellent (a), good (b), moderate 
(c) and poor (d) visualization. The RAV is marked with arrows.
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draining directly into the IVC from 
dorsal or right-sided lateral direction, 
in caudocranial or horizontal direction. 

Statistical analysis
For statistical analysis, R Data soft-

ware (http://cran.r-project.org) was 
used. Data was imported from a Mic-
rosoft Excel 2010 spreadsheet. Weight-
ed Cohen’s kappa (square kappa) sta-
tistics were used for the calculation of 
interobserver agreement regarding the 
predicted anatomical position (Levels 
1–17) and the quality of visualization 
(five-point scale) of the RAV in MDCT. 
For determination of concordance be-

tween the predicted positions of the 
RAVs in MDCT mapping (Levels 1–17) 
and the angiographic findings, weight-
ed square kappa statistics were calcu-
lated. The kappa values were interpret-
ed as follows: <0.20, poor agreement; 
0.21–0.40, fair agreement; 0.41–0.60, 
moderate agreement; 0.61–0.80, good 
agreement; and 0.81–1.00, excellent 
agreement. The significance level was 
set to 0.05 and Bonferroni correction 
was performed to compensate for mul-
tiple testing. In this setting, all kappa 
values were significant.

MDCT-based localization was as-
sumed correct, when it did not vary 

more than ±1 level in comparison to 
the gold standard; unconfident, when 
there was a difference of ±2 levels; 
and false, when there was ≥3 levels of 
difference. The calculation of interob-
server agreement regarding the semi-
quantitative rating of visualization 
was only conducted if the RAV local-
izations given by both readers were in 
accordance, i.e., not differing more 
than ±1 level. 

Results
Successful bilateral AVS was obtained 

in 69 of 75 patients (92.0%). AVS failed 
on the right side in five patients (6.7%) 
and bilaterally in one patient (1.3%). 
Correspondingly, 69 patients met the 
criteria of the gold standard.

Adequate (i.e., excellent, good, or 
moderate; scores 5–3) visualization 
of the RAV in MDCT was achieved in 
78% (54/69, R1), and 77% of patients 
(53/69, R2). In detail, the degree of 
visualization was rated as excellent in 
15 (R1) and 25 patients (R2); good in 
20 (R1) and 13 patients (R2); moderate 
in 19 (R1) and 15 patients (R2); poor 
in 13 (R1) and 14 patients (R2); and 
not visible in two patients (both R1 
and R2). Readers R1 and R2 agreed on 
visualization rating in 55 patients; the 
resulting kappa value of 0.75 was con-
sistent with good agreement between 
the two observers. In the subgroup of 
unenhanced examinations, three of 
five patients had a layer of fat tissue 
adjacent to their adrenal veins over a 
distance of 6–8 mm, providing excel-
lent contrast and visualization (Fig. 
4). In the remaining two patients, 
both readers found poor visualization 
of the vein.

Among six patients with unsuccess-
ful catheterization, visualization was 
rated as excellent or good in two pa-
tients (R1 and R2), moderate in four 
(R1) and two patients (R2), and poor in 
two patients (R2).

Correlation of venograms and 
MDCT mapping was possible in 69 of 
75 patients meeting the criteria of the 
gold standard (i.e., true angiographic 
position of the RAV, confirmed by the 
laboratory results of AVS). MDCT map-
ping identified the correct position of 
the RAV orifice in 70% (48/69, R1) and 
88% of patients (61/69, R2), respective-
ly. Unconfident localization was found 

Figure 3. Number of angiographically localized right adrenal vein (RAV)/inferior vena cava 
confluences per anatomical Levels 1–12 (n=49). RAV orifices were located in the center between 
the thoracic vertebra (Th11/12) and the lower end plate of Th 12 (Levels 8–12).
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in 14% (10/69, R1) and 4% (3/69, R2) 
of patients. False localizations as com-
pared to the angiographic finding were 
determined in 16% (11/69, R1) and 
7% of patients (5/69, R2) (Table). The 
calculated kappa values for the concor-
dance of localized RAV/VCI confluenc-
es in MDCT and gold standard were 
0.679 (R1) and 0.864 (R2), equivalent 
to good and excellent agreement of 
predicted position and angiographic 
finding, respectively. 

For a detailed evaluation, the localiza-
tion of the RAV orifice was subdivided 
into center and off-center regions. The 
evaluation of the angiograms revealed 
that 49 of 69 orifices to the IVC were 
located at Levels 8–12. In other words, 
71% of RAV confluences were identi-
fied angiographically in a central region 
that extended between the interverte-
bral disc Th11/12 and the lower end 
plate of the 12th vertebral body (Fig. 3). 

In the center, R1 detected 71% of 
orifices (35/49) correctly, while R2 lo-
calized 88% (43/49) correctly. Uncon-
fident concordance was found in nine 
(R1) and three (R2) cases, and inaccu-
rate localizations were found in five 
(R1) and three cases (R2), respectively.

Of RAV orifices, 29% (n=20) were posi-
tioned above or below the center. Using 
MDCT mapping R1 identified 13 off-cen-
ter locations and R2 found 18. Incorrect 
results were found in six (R1) and two 
cases (R2), respectively. There was one 
unconfident concordance for R1. 

The vertebral bodies from Th11 to L1 
and the intervertebral discs lying in be-
tween were measured in a subcohort of 
12 patients (six males and six females; 
mean age, 49.8 years; sagittal CT mul-
tiplanar reconstruction, 6±1 mm).

In terms of anatomical variants, a 
common drainage of the RAV and an 
accessory hepatic vein was observed 
in 7% of patients (5/69) in angiogra-
phy (Fig. 5). In MDCT, this condition 
was detected by both readers in three 
cases: two variants were identified 
concordantly, and additionally each 
reader found one variant, which was 
not detected by the other. Among six 
patients with unsuccessful AVS, the 
above mentioned variant was found 
in one patient in concordance and in 
another patient by R1, however, these 
findings were not proven by the gold 
standard.

Figure 4. Unenhanced axial CT scan shows excellent visualization of the right adrenal vein due 
to high contrast versus the surrounding fat tissue.

Figure 5. a–d. Contrast-enhanced coronal CT image (a) depicts the drainage of the right adrenal 
vein (RAV, open arrow) into an accessory hepatic vein as a normal variant. Axial CT image (b) shows 
the accessory hepatic vein (open arrow). Selective angiogram of the accessory hepatic vein (c) shows 
a small notch representing the entry of the RAV. Superselective angiogram of the RAV (d).
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Discussion
Bilateral AVS is the method of 

choice for distinguishing between 
uni- and bilateral excessive aldoste-
rone secretion in patients with PA. 
However, this intervention is strik-
ingly often not successful. It is well 
known to interventional radiologists 
that particularly the cannulation of 
the RAV is technically more demand-
ing than the catheterization of the 
left: the RAV is shorter, usually drains 
directly into the IVC and has a diam-
eter of not more than 2–3 mm (17). 
Moreover, the location of the RAV’s 
orifice is variable and must be antic-
ipated in a range between the 11th 
thoracic and the 2nd lumbar vertebra 
(16), quite a distance, considering 
the very small size of the RAV. Not 
surprisingly, the unsatisfying success 
rates of bilateral AVS even in special-
ized centers (70%–90%) are mainly 
attributed to missing blood samples 
from the RAV (8–10, 13). Therefore, 

catheterization of the RAV is crucial 
to the success of AVS. 

All patients should undergo CT or 
MRI imaging prior to AVS in the diag-
nostic workup of PA (2), MDCT map-
ping (i.e., the search for the adrenal 
veins prior to AVS) is implicated with-
in our routine procedure and it is even 
compulsory in our opinion. However, 
because the RAV is often a very tiny 
structure, we were motivated to inves-
tigate the quality of its visualization 
and the concordance between MDCT 
mapping and the angiographic find-
ings of the RAV. Only two previous 
publications considered the possible 
benefit of reading MDCT images for 
the planning of AVS, but without com-
paring it to an angiographic standard 
(12). Consequently it was not clear so 
far, if a structure identified in MDCT 
matches the RAV and whether MDCT 
is useful in AVS or may, on the con-
trary, even be misleading. The purpose 
of this study was to systematically 

evaluate MDCT images in PA patients 
to determine the reliability and feasi-
bility of indirect MDCT mapping for 
facilitating AVS. The gold standard re-
garding the position of the RAV con-
sisted of selective angiographic find-
ing of the RAV and was additionally 
corroborated by laboratory testing of 
selectively withdrawn blood samples. 
As a reader might get biased when per-
forming both the sampling and the 
interpretation of the MDCT mapping 
directly one after another, we decided 
to provide a time interval of at least 12 
months between AVS and the retro-
spective MDCT mapping.

We found that the orifices of the 
RAVs were mostly (in about 70% of 
cases) located in the center between 
the level of the intervertebral disc 
Th11/12 and the 12th thoracic verte-
bra. In about 30% of cases, the orifice 
was located further cranially or cau-
dally to the typical position. The cor-
rect position of the RAV’s confluence 
into the IVC could be identified in the 
majority of patients, both by the ju-
nior reader (70%) and the experienced 
reader (88%) with good and excellent 
agreement with the gold standard. 
In particular, the verification of the 
RAV’s position in the center may facil-
itate AVS and thereby reduce the time 
required for fluoroscopy. Moreover, 
the “off-center” confluences could be 
visualized in a substantial proportion 
of cases (65%–90%), allowing for im-
proved planning of the intervention-
al procedure. This is most remarkable 
since these locations are more difficult 
to visualize due to their variant posi-
tion. On the other hand, a consider-
able number of RAV orifices was locat-
ed unconfidently (14% R1, 4% R2) or 
falsely (16% R1, 7% R2). This implies 
that there is also potential for “MDCT 
misguidance” in AVS, especially for 
readers with limited experience.

The most frequently described vari-
ant consists of a common trunk that 
drains the blood of the adrenal vein 
and an accessory hepatic vein into the 
IVC. In an autopsy study, its incidence 
was reported as approximately 10% 
(18). In angiographic studies this con-
dition was described sporadically (19) 
and in frequencies of up to 12% (17). 
In our series, five cases (7%) had this 
variant, three of which were detected 

Table. Comparison of gold standard (angiography and laboratory testing) and MDCT findings 

			   R1			   R2

Level	 Gold standard	 Correct	 Unconfident	 False	 Correct	 Unconfident	 False

1	 0	 -	 -	 -	 -	 -	 -

2	 0	 -	 -	 -	 -	 -	 -

3	 0	 -	 -	 -	 -	 -	 -

4	 1	 1	 -	 -	 1	 -	 -

5	 4	 2	 -	 2	 2	 -	 2

6	 2	 2	 -	 -	 2	 -	 -

7	 4	 2	 1	 1	 4	 -	 -

8	 9	 6	 2	 1	 9	 -	 -

9	 14	 10	 3	 1	 12	 2	 -

10	 9	 6	 2	 1	 9	 -	 -

11	 11	 7	 2	 2	 7	 1	 3

12	 6	 6	 -	 -	 6	 -	 -

13	 5	 2	 -	 3	 5	 -	 -

14	 2	 2	 -	 -	 2	 -	 -

15	 2	 2	 -	 -	 2	 -	 -

16	 0	 -	 -	 -	 -	 -	 -

17	 0	 -	 -	 -	 -	 -	 -

Total	 69	 48	 10	 11	 61	 3	 5

Data are given as the number of patients. Results are classified according to anatomic locations (Levels 
1–17). MDCT-based localization was assumed correct, when it did not vary more than ±1 level in 
comparison to the gold standard; unconfident, when there was a difference of ±2 levels; and false, when 
there was ≥3 levels of difference.
R1, reader 1; R2, reader 2.
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in MDCT. This variant is of particu-
lar importance because superselective 
cannulation of the RAV is necessary 
to obtain appropriate blood samples 
without major dilution by hepatic 
blood (17). Although the numbers 
are low and further confirmation is 
required, the detection of anatomical 
variants prior to AVS might be an addi-
tional benefit of MDCT mapping. 

Our study had some limitations. 
First, the success of AV, and therefore, 
the validation of the gold standard de-
pend on the definition of the selectiv-
ity index (20). The selectivity indices 
in our study was ≥ 2. In other studies, 
selectivity index of 1.1–5.0 were used 
(7). The higher sensitivity indices most 
commonly were applied with concom-
itant infusion of adrenocorticotropic 
hormone (21). Second, RAV sampling 
was not successful in six patients. Con-
sequently, position of the RAV could 
not be verified by angiography and 
results of MDCT mapping could not 
be correlated. We therefore only eval-
uated 69 patients who had bilaterally 
successful AVS, which might bias the 
analysis. However, this potential bias 
is small as the results of 92% of pa-
tients could be analyzed as intended. 
The success rate was at the upper end 
of the reported results (13). The true 
role of preprocedural assessment of 
the RAV from cross-sectional images, 
has to be investigated in a second step. 
Such studies should compare the suc-
cess rates and the dose exposure of AVS 
with and without the use of MDCT 
mapping. Third, the venograms of 
the RAV were acquired during normal 
breathing whereas CT examinations 
were performed during expiration. Ac-
cording to our experience, the move-
ment of the adrenals during normal 
breathing is in the range of 1–2 cm, 
while the maximal vertical motion can 
reach up to 4 cm (22). To take this fact 
into account, correct detection of the 
confluence was assumed if the loca-
tion detected in MDCT did not differ 
more than one level compared to the 
angiographic gold standard. Although 
the extent of movement is not exact-
ly known, this approach led to a good 
concordance with respect to the cor-
rect positioning of the RAV orifice in 
the majority of cases. Fourth, about 
a quarter of RAVs were not identified 
by CT mapping. However, a CT scan 

is recommended in the Endocrine So-
ciety Clinical Practice Guideline (2), 
and there is no additional radiation 
exposure to the patients. The impact 
of MDCT mapping with regards to ra-
diation exposure during AVS, time for 
fluoroscopy and amount of applied 
contrast agent may be subject to pro-
spective randomized trials. Lastly, as 
the evaluation included subjective rat-
ings, the significance of results with 
respect to visibility of the RAV may 
be limited. However, there was good 
interobserver agreement between the 
readers (kappa value 0.75).

In conclusion, MDCT mapping iden-
tified the RAV orifices, as well as poten-
tial off-center locations and anatomic 
variants in good concordance with an-
giography, in the majority of cases. Al-
though this study does not provide ev-
idence for improvement of AVS success 
rates by MDCT mapping, the initial re-
sults are promising to facilitate precise 
catheterization during AVS and may 
justify prospective, controlled trials. 
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