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PURPOSE

We aimed to analyze the prevalence and radiological characteristics of duplicated right adrenal
veins (DRAVs) and evaluate the diagnostic impact of adrenal venous sampling (AVS) in primary
aldosteronism.

METHODS

DRAVs were retrospectively identified among patients who underwent segmental AVS between
April 2017 and March 2020. DRAVs were defined as main or accessory according to the drainage
area. The diameter, position, hormone levels, and treatment plan based on AVS were compared
between main and accessory RAVs, using the Wilcoxon rank-sum test.

RESULTS

Fourteen of 432 patients (3.2%) were diagnosed with DRAVs. On venography, the mean diame-
ters of the main and accessory side were 3+0.63 mm and 2.1+0.41 mm, respectively, and were
significantly different (p < 0.001). The mean relative position in craniocaudal direction of main
and accessory veins from the adrenal caudal edge on computed tomography was 65.5%+16.0%,
and 48.1%=16.8%, respectively, which was significantly different (p = 0.007). The left-right posi-
tions and hormone levels were not significantly different. Based on conventional AVS, the treat-
ment plan between DRAVs was not changed in six of eight patients, but changed from surgery
to medication in two patients with right aldosterone-producing adenoma (APA)/microadenoma
based on segmental AVS findings.

CONCLUSION

DRAVs, in which the main RAV was thicker and more cranially located than the accessory RAV
were rare. Depending on blood sampled from either of DRAVs, the diagnosis made through con-
ventional AVS might change treatment approach from surgery to medication, especially with
right APA. Hence, their identification is important to make an accurate subtyping by AVS.

rimary aldosteronism (PA) is the most common cause of secondary hypertension and

accounts for 3%-10% of hypertension cases (1, 2). The frequency of complications is

higher in PA than in essential hypertension (3, 4). Aldosterone-producing adenoma
(APA) and bilateral idiopathic hyperaldosteronism (IHA) are the two most common sub-
types of PA, and adrenal venous sampling (AVS) is the standard method for subtyping (1, 2,
5). In some facilities, segmental adrenal venous sampling (sAVS) is performed using a super
selective catheterization technique on the adrenal tributaries, in addition to central adrenal
venous sampling using conventional AVS (cAVS) (6-11).

The success rate of cAVS varied greatly from 31%-98% (12-14), mainly because of the dif-
ficulty of sampling blood from the right adrenal vein (RAV) due to its small size and anatom-
ical variation. Analyzing RAV in the preprocedural computed tomography (CT) is important
for technical success (13).

Descriptions of adrenal venous variations, including duplication, have been reported in cadav-
er studies or as surgical observations (15-19). However, discussion on radiological findings and
significance of AVS-based diagnosis was limited to only a small comment in a few reports or one
case report with CT detection during right inferior phrenic arteriography with AVS; hence, not
much is known (20-22). The study aim was to analyze the prevalence and radiological character-
istics of duplicated RAVs (DRAVs) and evaluate the diagnostic effect on AVS in patients with PA.

You may cite this article as: Tannai H, Makita K, Matsui S, Koike Y, Tsurutani Y, Saito J. Radiological characteristics and diagnostic impact of duplicated right
adrenal veins on adrenal venous sampling in primary aldosteronism. Diagn Interv Radiol 2021; 27:754-761.
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Methods

The protocol for this retrospective study
was approved by the relevant institutional
review boards, and written informed con-
sent was waived because of the retrospec-
tive design (IRB approval number: 30-94-2).
The data of patients who were diagnosed
with PA according to the guidelines (1, 2)
and underwent sAVS between April 2017
and March 2020 were included.

CT examination

All patients underwent non-contrast
and contrast-enhanced dynamic CT exam-
inations for evaluation of adrenal tumors
and adrenal veins prior to sAVS. We used
a 64-row multidetector CT scanner (Aqui-
lion 64, Toshiba). The helical CT data were
reconstructed in the axial plane as 0.5 mm
sections at 0.3 mm intervals before storage
and then transferred to a workstation (Zio-
station2, Ziosoft) where the reconstructed
axial helical sections were reformatted in
the axial, coronal, and sagittal planes at 1.0
mm intervals with a 1.0 mm slice thickness.
Two-phase dynamic scans were performed.
A 100 mL volume of nonionic contrast ma-
terial containing 350 mg/mL lohexol (Om-
nipaque 350, Daiichi Pharmaceutical) was
injected into a medial cubital vein for 25
seconds. The bolus-tracking method was
used for the late arterial phase, and the start
time was determined manually when the
left renal vein was contrasted. The patients
were instructed to breathe in and hold
while being scanned and were scanned
again for the delayed phase 120 seconds
after starting administration.

* Based on venography during adrenal venous
sampling (AVS), duplicated right adrenal
veins (DRAVs) were observed at a frequency
of 3.4% among patients with primary aldo-
steronism.

* DRAVs were defined as main and accessory
based on the extent of the drainage area;
main DRAVs were thicker and more cranially
located.

* Depending on blood sampled from either of
DRAVs, the diagnosis made through conven-
tional AVS remained same in many patients,
but might change treatment from surgery
to medication in some cases, especially
with right aldosterone-producing adenoma.
Hence, identification of DRAVs is important
to make an accurate subtyping by AVS.

sAVS procedure and DRAV determination

The procedure was performed by inter-
ventional radiologists with >30 years of ex-
perience and attending radiologists, with
endocrinologists in attendance. A 5 F sheath
was inserted in the right femoral vein. A
5 F diagnostic catheter (MK adrenal type,
Hanaco Medical Co., Ltd.), 2-2.7 F split-tip
microcatheter (Gold Crest Co., Ltd.), and a
0.035-inch guidewire (Radifocus, Terumo) or
0.018-inch guidewire (Aqua V3, Cordis) were
used. Intravenous bolus injection of 200
Mg synthetic adrenocorticotropic hormone
(cosyntropin) via the peripheral vein was
followed by a 50 pg/h drip infusion 30 min-
utes later (23). Blood was collected from the
left and right adrenal central veins (ACVs)
and the right external iliac vein before and
15-90 min after cosyntropin loading; blood
was also sampled from the bilateral adrenal
tributary veins and left common trunk at
the confluence of the left ACV and inferior
phrenic vein after cosyntropin loading. sAVS
was used to diagnose APA, CT-undetectable
aldosterone-producing microadenoma (AP-
microA), cortisol-producing adenoma (CPA),
and IHA by recognizing the heterogeneity
of hormone production within the adrenal
glands, as previously reported (9).

Although DRAVs were identified on con-
trast CT images in some cases, in practice,
periadrenal anastomosis veins have often
been confused as RAVs, and even a strong
focal contrast effect in the adrenal paren-
chyma adjacent to inferior vena cava (IVC),
especially on thin slices and in the arterial
phase, can mimic a short RAV. Therefore, in
this study, we determined DRAVs as two RAVs
separately drained into IVC or accessory he-
patic vein directly by venography as depict-
ed in a previous study of surgical anatomy
(17). There were numerous venous networks
around the adrenal gland (18, 19), and adre-
nal venography often showed the anastomo-
sis veins, including the renal capsular vein,
which connected to the renal vein, gonadal
vein, IVC remote from the adrenal gland, or
others but we did not include those. If tribu-
taries branched over the whole adrenal gland
from one RAV, we did not try to cannulate the
other vein and collect blood, as we deemed it
to be unnecessary. If there was a lack of con-
trast-enhanced areas or tributaries in accor-
dance with the other RAV, we tried to sample
the other.

Analysis of DRAVs
The authors included cases involving
DRAVs by reviewing the venography im-

ages and radiologist’s procedural reports
of sAVS. Two RAVs were defined as main
or accessory by venography; the main had
a broader drainage area, and the accesso-
ry had a smaller drainage area (Fig. 1a). We
also examined the presence of other RAV
delineations by the contrast material injec-
tion from one RAV and a recognizable direct
anastomosis vein between two RAVs on ve-
nography.

The diameter of DRAVs was measured on
right anterior oblique view venography and
was qualitatively compared on CT in the
late arterial phase. The diameter of adreno-
cortical adenoma was measured on CT.

The length of the right adrenal glands
in craniocaudal or left-right direction was
measured on CT. Further, the length from
RAVs to the right adrenal caudal edge or
right edge was measured. The relative
craniocaudal or left-right intra-adrenal
position was calculated as the ratio of the
former to the latter (Fig. 1b, 1c). The rela-
tionship between the vertebral body and
the craniocaudal position of the RAV’s or-
ifice into the IVC or hepatic vein was also
examined.

We divided the right adrenal gland into
three segments (i.e., superior, lateral, and
inferior) and described the drainage area of
each RAV according to venography. When
either RAV was not cannulated, its drainage
area was estimated by the venogram from
the other RAV. The success of catheter can-
nulation and RAV sampling was examined.

Catheterization of RAVs was confirmed
by selectivity index (SI), which is the ratio
of plasma cortisol concentration (PCC) in
the adrenal vein to that in the external iliac
vein.The plasma aldosterone concentration
(PAC), PCC, and aldosterone/cortisol (A/C)
ratio after cosyntropin stimulation were
compared between the main and accessory
RAVs. The ratio of the higher side to the low-
er side was calculated.

The lateralization index (LI), defined as
the ratio of the A/C on the dominant and
nondominant sides, was calculated for both
RAVs. On the left side, the LI values of the left
ACV or common trunk were used according
to the guidelines (1, 2). The treatment plans
were clinically decided based on sAVS find-
ings, but those based on the cAVS between
both RAVs were compared with cases involv-
ing sampling from both using the LI. LI >4
reflected a unilateral lesion and an indica-
tion for surgery, while LI <4 reflected a bilat-
eral lesion and an indication for medication
(24-26). In cases of concurrent CPA and APA,
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Figure 1. a-c. Definition and position of the duplicated right adrenal veins. Schematic drawing of duplicated RAVs in the right anterior oblique view

(a) reveals the cranial RAV as a main RAV with a large drainage area (shaded) and the caudal RAV as an accessory RAV with a smaller drainage area
(dotted). Panel (b) shows the craniocaudal position defined as the length between the adrenal caudal edge and adrenal vein attachment (h,, h.) divided
by the adrenal craniocaudal length (H). Panel (c) shows the left-right position defined as the length between the adrenal right edge and adrenal vein
attachment (w) divided by the adrenal left-right length (W). RAV, right adrenal vein; IVC, inferior vena cava.

Table 1. Demographic and endocrine data in 14 patients

Parameters Data
Age (years) 46.3+9.9
Sex (male, female) 10,4

Baseline
Plasma aldosterone (pg/mL)
Plasma renin activity (ng/mL/h)
ARR (pg/mL, per ng/mL/h)

Captopril-challenged ARR (pg/mL, per ng/dL/h)

K (mEq/L)

SBP (mmHg)

DBP (mmHg)

HR (beats/min)

Number of antihypertensive drugs

Creatinine (mg/dL)

eGFR (mL/min/1.73 m?)

174 (120-334)
0.3 (0.2-0.6)
420 (269-938)
449 (237-1112)
3.6+0.4
130+15
86x13
77%16
1+0.8
0.81+0.17
78.8+£16.5

Data are shown as meanzstandard deviation or as median (interquartile range).
ARR, aldosterone/renin activity ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate;

eGFR, estimated glomerular filtration rate.

we used the PAC ratio instead of the LI using
the same cutoff value to assess the treat-
ment plan and to prevent the effects of PCC
(27). In addition, we compared the cAVS and
sAVS-based diagnoses in terms of whether
surgery was indicated or not.

The Wilcoxon rank-sum test was used to
compare the diameter, intra-adrenal relative
position, values of the PAC, PCC, and A/C of
DRAVs. p values <0.05 were considered to
be indicative of statistical significance. JMP
pro version 15.0.0 software (SAS Institute
Inc.) was used for statistical analysis.

Results

A total of 436 patients underwent sAVS.
Four patients were excluded for lack of ve-
nography at the RAV: three due to techni-
cal failures and one due to previous right
adrenalectomy. Fourteen (3.2%) out of 432
patients were diagnosed with DRAVs by ve-
nography. The patients’ demographic data,
CT, and some venography and CT images
are shown in Table 1, Figs. 2 and 3. No pa-
tient experienced a major complication.

Catheter cannulation and blood sam-
pling were performed in the main RAV, left
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adrenal central vein, and tributaries in all 14
patients. Ten patients were cannulated in
the accessory RAV, and eight had success-
ful sampling and two could not be sam-
pled. The Sl of RAV was >10.8 in 13 patients
and that of left ACV was =14 in all patients,
which indicated successful catheterization
(1, 28). In one patient, the PCC in RAV and
right tributaries was low because of sup-
pression due to the contralateral CPA caus-
ing subclinical Cushing’s syndrome, but the
cannulation was thought to be successful.
Thus, the technical success rate of both
cAVS and sAVS in these patients were 100%.

Venograms were obtained from both RAVs
in 10 cases. In four cases, venograms from
an accessory side could not be obtained be-
cause an accessory vein was not recognized
during the procedure and recognized after it
(n=2) and because all segmental blood had
been sampled from the main side, thereby,
not requiring catheter cannulation (n=2).

In all cases, contrast in at least one RAV
delineated the other RAV. In 12 of 14 cas-
es, apparent anastomoses between DRAVs
were delineated in the second- or high-
er-order tributaries but not in 2 cases.

Adrenocortical adenomas were detected
in 11 patients and were located on the right
in four patients, on the left in three patients,
and on both sides in four patients. The mean
diameter of the adrenocortical adenomas was
10+4.44 mm.

On venography, mean diameter of the
main side RAV was 3+0.63 mm and that of
the accessory side RAV was 2.1+0.41 mm.
All main veins were thicker than the other
veins, and the diameter between the main

Tannai et al.



Figure 2. a-d. Venography images of the duplicated right adrenal veins of case 1 (a, b) and case 2
(¢, d). Digital subtraction venography images in oblique view obtained with injection into the right
adrenal vein (RAV) of the main (a, ¢) and accessory (b, d) sides. The cranial vein is main in case 1,
whereas the caudal vein is main in case 2. Contrast from one vein to the other (arrow) is depicted via
anastomosis.

Figure 3. a, b. CT images of the duplicated right adrenal veins. CT image of case 1 with two right

adrenal veins (arrow) clearly delineated in the axial view. The cephalic main vein is relatively thicker
(a), whereas the caudal accessory vein is relatively thinner (b).

and accessory adrenal veins was signifi- samein 4 patients and differentin 10, as per
cantly different (p < 0.001) (Fig. 4a). On con-  qualitative analysis.

trast-enhanced CT, all DRAVs were detect- The mean craniocaudal length of the
able and the diameters appeared to be the right adrenal gland on CT was 43.7+6.40

mm. The mean craniocaudal length and
the relative position were 28.6£7.49 mm
and 65.5%+16.0%, respectively, from the
main RAV to the adrenal caudal edge and
were 21.1+7.89 mm and 48.1%+16.8%, re-
spectively, from the accessory RAV. In 11
patients, the main RAV was on the cranial
side. The main RAV was more cranially lo-
cated (p = 0.007) (Fig. 4b). The mean left-
right length of the right adrenal gland was
23.9+5.51 mm. The mean left-right length
and relative position were 15.1£3.70 mm
and 63.8%+9.8%, respectively, from the
main RAV to the right edge and 14.4+3.89
mm and 60.7%+11.8%, respectively, from
the accessory RAV. The left-right positions
of the RAVs were not significantly different
(p=0.41) (Fig. 4c). The relationship between
the vertebral body and RAV’s orifice into the
IVC or accessory hepatic vein is shown in
Fig. 4d.

The drainage areas of accessory RAVs
were the superior segment in two cases and
the inferior segment in 10 cases, respective-
ly. Drainage areas of the main RAVs were the
other segments, such as lateral and inferior
segments or superior and lateral segments.
In two cases, all segmental blood was
drained into the main RAV.

Data of eight patients who were sam-
pled in both RAVs are shown in the Table 2.
The median PAC, PCC, and A/C in the main
RAV of eight patients were 23,100 pg/mL
(range, 3060-157,900 pg/mL), 803 pg/dL
(range, 56-1926 pg/dL), and 19.9 (range,
3.94-1203), respectively. The median PAC,
PCC, and A/C in the accessory vein were
10,640 pg/mL (range, 3040-88,200 pg/mL),
618 pg/dL (range, 68-1328 pg/dL), and 21.4
(range, 3.00-193), respectively.

A comparison of the main and accessory
veins in eight patients showed that PAC,
PCC, and A/C were not significantly differ-
ent (p = 0.17, 0.53, and 0.83, respectively).
The median of PAC, PCC, and A/C higher
side divided by lower side, were 3.93 (range,
1.01-11.1), 1.86 (range, 1.11-3.25),and 2.78
(range, 1.20-23.7), respectively.

Based on sAVS findings, three patients
were diagnosed with right APA, one with
a right APmicroA and left CPA, two with
bilateral APAs, and seven with IHA. The di-
agnoses based on cAVS and sAVS in eight
patients with both RAVs sampled are shown
in Fig. 5. The cAVS diagnoses between both
RAVs were the same in six of eight patients
that had samples from both RAVs. However,
the remaining two were changed from right
unilateral to bilateral and were two of four
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'sISOUBRIP SAYS PUB SAY UO paseq ABa3ells Juswleas) JUsIaPIp BUIAI9daI sjudiied,
"3PIS 3| SY3 UO SDUBUIWIOPAId,

‘ewiouape BuPNpoid-|0si3i0d e 1oy ] ueys ajeridosdde 10w S| 3 35N USAIG S| SOV 4O Ol13e INjosqe Y 1.

‘wisiuoiarsop|esadAy d1yiedoipi

“YHI ‘ewouape bupNpoid-|0s1iI0d ‘YdD ‘ewousapeosdiw Bupnpoid-auoiaisople ‘yoidlwdy ‘ewouspe Hupnpold-auoialsople ‘Ydy ‘wsiuoiaisople Aewnd ‘vd ‘Buljduwes snouaa [euaipe [e3uawbas ‘SAys ‘buljdwes snouaa [euaipe

|RUOIIUBAUOD ‘SAY ‘Ol3eJ [0S13103/3U0IISOP|R /Y ‘UOIIBIIUIOUOD |0S1310d ewse|d ‘D) ‘U0IIeIuadU0d 3U0Ilsop|e ewse|d ‘Jyd Xapul uoliezijesale|

UNJ} UOWIWOD ‘WO ‘UISA [I3USD [BUBIPE 13| ‘AYT ‘UISA [eUBIpEe 3YBL ‘AVY

‘AjaA13dadsal ‘N OD puUB AYT O sanjea
3Y3 33ed1pul SanjeA Jamo| pue saddn ay3 ‘N0 PUB AV JO S|AS] OM3 YIM swidli 104 *A|9ARdadsal ‘AyY A10Ssa208 pue ulew JO San|eA Y3 3edIpul sanjeA Jamo| pue addn 3y ‘sisoubeip SAYD pUe ‘|7 ‘AvY JO S|9A3| OM3 YIM SWS 104

D T €T x4} 698 00601 €TS 8z€lL 0v69
VHI €6l /8Tl  00/6L S0T v/l 00/S€ vd |esa3e|1g L ral} (a4} L8el 00691 €61 LLpL 00522 UTGT}Y W/tE H
" aS'L 08'L Tl 689 009%1 Toe ¥0v 0818
VHI ] 0066C LSy 000L 00£St vd |esa3e|ig 9Ll 8L €Ll 0z8 0£26 ST 996 00/£T  [edelg  N/9S D)
D o€Vl €Ll L€T 33 0687 991 £901L 00/LL
VHI oLz Lz6 00€6L  L'lz  S80L 00622 vd |esa3e|1g oSL'E a96'C L8l 86 00v81L T€9 LL9 ovey auoN 4/ve E|
__ aL'6€ a8'9L 6LL 9€s 006£9 00°€ €10l 0t0€
vdv
Yo /9T 06  ST96SC T6v  LlOL 0/67  Yd[esdleunya]  qZ'0€ ar'8S (14 0SZ 8S/TLL  V6'E 9/L 090€ Yo W/zy 3
VdD
3| Yyum >Vd [el31e]ig 88'L eSLL w9 ¥801 0969 €61 89 00LEL
yonlwdy Yd
Wby 0L S66 0090L  £0Z L6 000¥9  [esaepuniybly 896 el6'S 8/l 0v9 o0ovLL  ¥0TL 9 00729 Yo 4/05 a
" 8t 8Tt ¥0's 08l 806 9T 629 002l
vdv vd
Wby S8 /€S 00T  wbE 69¢ ¥869CL  [esdlejuniybly 90l LoL 8C'S LYY 09€¢ GES S6¢C 006/SL by /09 )
" 99T 8Ly 0zl 8L 061C ()r43 SsT 0518
Vdv vd
oy 9€ 089l 0z L'LS Lz6 009y  [esaepuniybly  6lE SIS 89'9 0z8 08vS '8¢ 0€8 0061€ UTGT}Y W/9€ g4
vd
[esdlejiuniybly  G'8E 8’6t LLE LE0L 0L6€ Sl 809 00788
vdv
Wby  SoE 9601l ObEE LS9 L9pL 0v96 -Vd |eJ1a1e1g LO°E 16'€ 16T gLl 0SS€ oLl 9z61 00£2¢ W61y W/LS v
sisoubeip  D/y  (p/Brl)  (qw/bd)  D/y  (Tp/Br)  (Tw/6d) sisoubelp NOD AV o/ (p/er)  (Qw/bd) oy (p/br)  (qu/bd)  eprs Xag  ase)
SAVS 2Dd ovd DDd Jvd SAY? JDd ovd 22d ovd lowny /() aby
|euaipy
ovd Ovd SAAVY T WOD AV K10ssadde pue urew ‘AvY

Xew yum Aieinqri 347

Xew yum Areanqui by

SUI9A [euaipe ybi1 paledtjdnp yum syusned g ul sbuipuly buiidwes snousa [euaipy g 3jqel

Tannai et al.

758 » November-December 2021 - Diagnostic and Interventional Radiology



as b
100
1
1
4 —_ 1 2
s 2 X 80
Nt 3 0
E 5 1 5
Pt 3 60 ¥
] 2 ! g 3 4
g 2 5 © o A
82 = -
[s] ¥ ¥ 8 0 5
o
. E 1 1
5 2
0 0
Main RAV Accessory RAV Main RAV Accessory RAV
d d
s W
Main 8 . Th11t |
RAV 3 ]
77777777777777 1
gl Thi2 | 1
3 L 2
6 3| 2 |5
Accessory 4 2 L1 3
27\ T e I e N | 2
2 2 | _— B ————
Main |- o Accessory
0 20 40 60 80 100 RAV | =5 RAV
Left-right position (%) -

Figure 4. a-d. Diameter, craniocaudal, and left-right position of the duplicated right adrenal veins.
Panel (a) shows the diameter of main or accessory RAVs. The diameter between the main and
accessory adrenal veins was significantly different. Panels (b, ¢) show craniocaudal and left-right
position of duplicated RAVs. The main vein was significantly located more cranially. The left-right
positions of the RAVs were not significantly different. Panel (d) shows the craniocaudal levels of RAV
orifices relative to vertebral bodies based on CT imaging.
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Figure 5. Difference of adrenal venous sampling diagnosis between duplicated right adrenal veins.
Left and right columns show conventional adrenal venous sampling (cAVS) diagnoses of main and
accessory right adrenal veins based on a lateralization index or aldosterone concentration ratio
(cutoff of 4 after cosyntropin stimulation). The numbers and segmental adrenal venous sampling
(sAVS) diagnosis are shown in parentheses. The difference in the treatment strategy between cAVS
and sAVS diagnosis is underlined. In two of eight cases, the diagnosis was changed between right
unilateral and bilateral, whereas the diagnosis was not changed in six cases by cAVS. RAV, right
adrenal vein; IHA, idiopathic hyperaldosteronism; APA, aldosterone-producing adenoma; APmicroA,
aldosterone-producing microadenoma; CPA, cortisol-producing adenoma.

patients with a right APA or APmicroA. One
patient had a right APA with an LI of 3.97 or
49.8 using the left ACV value and an LI of
3.07 or 38.5 using the common trunk value.
The other had a right APmicroA accompa-
nied by a left CPA with a PAC ratio of 5.91
or 1.15 using the left ACV value and 9.68 or
1.88 using the common trunk value. Con-
versely, the treatment plan of all four pa-
tients with left APA or IHA was not changed.
The treatment plan based on sAVS differed
from that based on cAVS in either RAV (one
patient each).

Discussion

Some anatomical variations of RAVs, in-
cluding duplication and triplication, were
previously reported because variations may
have a higher risk of surgical complications
(15-19, 29). In a report of a large series of
laparoscopic adrenalectomies for various
diseases, the prevalence of adrenal venous
anomaly was 70 of 546 (13%) in total and
42 of 250 (17%) on the right (17). The prev-
alence was high in cases with high vascu-
larity tumors, such as pheochromocytoma.
Eight of 170 (4.7%) with hyperaldostero-
nism, five on the right, had variants includ-
ing four duplications and one triplication.
The veins were considered to be surgically
distinct, >2-3 mm in diameter, and their
definition of thickness may be close to the
one in our study. The exact prevalence of
DRAVs was not mentioned, but it appeared
to be similar.

Meanwhile, frequent multiple adrenal
veins were reported in cadaver studies: 13
duplications and 5 triplications of RAV in 45
specimens (18, 19). The incidence was high-
er than that observed in surgical analysis
and in this study, which may be attributed
to different examination methods.

Adrenocortical adenomas on the right
side were seen in eight patients but were
absent in six patients; therefore, DRAVs
were not exclusive in PA patients with a
right adrenal mass.

Mapping CT of the RAV has been shown
to be important for the procedural success
of AVS, and various studies have reported
that the detection rates were high (13, 30).
To our knowledge, DRAVs have been de-
scribed only in few references and one case
report related to AVS (20-22). Although
DRAVs were identified in some cases on
contrast CT (Fig. 3), in practice, periadrenal
veins and even heterogeneous adrenal con-
trast may often be confused with short RAV.
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Therefore, in many cases, accurate diagno-
sis of DRAVs was difficult by CT alone and
required venography.

The intra-adrenal relationship of DRAVs
had not been clear previously. Our study
found that DRAVs could be classified into
main and accessory veins by considering
the drainage area and that the main vein
was thicker on venography. The mean di-
ameter of the RAV was 3.5 mm (range, 2-6)
and 3+1.19 mm in cadaver studies (19, 20).
The mean diameter of the main RAV was
comparable with the previous studies, but
that of the accessory RAV was thinner in our
study. In some cases, contrast-enhanced CT
also showed that the main RAV was thicker
compared with the accessory RAV. In addi-
tion, it was often located cranially. These CT
findings may be helpful in predicting the
main side.

The difficulty of sampling in the main RAV
was not much; however, attempts to sam-
ple in the thin accessory RAV on the right
side might be unsuccessful, as sampling in
the accessory RAV was impossible in two
out of ten patients included in this study.

In eight patients, sampling was successful
at both RAVs. There were no significant dif-
ferences in the PAC, PCC, and A/C between
the main and accessory veins, although the
ratio of high to low varied and the number
of cases were small. Among eight patients,
the treatment plan according to diagnosis
by cAVS differed between both RAVs in two
patients but was the same in six patients.
The former two patients were among the
four with right APA based on sAVS, and it
seemed to lead to inappropriate patient
management. In contrast, one with left APA
and three with IHA did not change their
treatment plan. These results might sug-
gest that blood sampling from one RAV was
sufficient in many patients; however, blood
collection from both sources may be desir-
able, especially in patients with right APA.

Sampling in the accessory RAV may also
be desirable if there is a lack of description
of segmental tributaries from the main RAV
using venography. Potential anastomoses
in the intra- and extra-adrenal veins were
shown in a cadaver study (19). The veno-
gram from one RAV could reveal the anas-
tomosis vein, and taking a closer look might
be helpful when cannulating the other RAV.
However, identifying the adrenal vein may
be difficult on a venogram of the accessory
RAV alone (Fig. 2). No major complication
occurred, but a gentle procedure to sample

the thin accessory veins is recommended to
avoid iatrogenic injury.

This report has some considerable lim-
itations. We determined DRAVs referring
to venography and potentially missed few
DRAVs due to insufficient contrast injection.
The authors did not include periadrenal
thick meandering vessels, including the re-
nal capsular vein, as a minor RAV because
those primarily indicate the prominent
anastomotic veins.

The authors used cosyntropin stimula-
tion results for AVS-based diagnosis but the
use remains controversial. LI > 4 is used as
a parameter for unilateral PA in most cen-
ters; however, some studies used LI >3 or 2;
therefore, LI >2 or <4 should be interpret-
ed with caution (25, 26, 31). Even in the
present study, the use of these permissive
criteria result in different treatment strate-
gies based on cAVS diagnosis in majority of
the cases. In clinical practice, the treatment
plan would be decided comprehensively
considering various factors, such as age, hy-
pokalemia, adrenal mass, and contralateral
suppression.

In one report on CPA, PAC values were di-
rectly compared so that the cortisol levels
would not affect the diagnosis of aldosterone
laterality (27). In this study, the same cutoff
was used in patients without CPA. However,
this remains to be a subject of discussion and
has not been studied in many cases.

We also highlight the value of tributary
blood collection for sAVS-based diagnosis,
which has the advantage of recognizing the
heterogeneity of intra-adrenal hormone se-
cretion that allows the diagnosis of bilater-
al APA. Such a diagnosis is not possible by
cAVS, which reportedly increases the indi-
cation for surgery (7-11). However, this is-
sue is still a matter of debate.

In conclusion, DRAVs were rare, with the
main side being thicker and more cranial-
ly located. Depending on blood sampled
from either of DRAVSs, the diagnosis of cAVS
remained same in many patients, but might
change from surgery to medication in some
cases, especially with right APA. Therefore,
recognition of DRAVSs is important to make
accurate subtype diagnosis of PA by AVS.
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