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ABSTRACT

Background

Objective

Methods

Results

Primary hyperaldosteronism is clinical consisted of hypertension,
hypokalemia, and increased aldosterone production relative to suppressed
plasma renin activity. The causes of primary hyperaldosteronism are most
often bilateral adrenal hyperplasia or aldosterone-producing adenoma which
require different treatment. Adrenal venous sampling (AVS) is an important
tool to differentiate both forms of adrenal disease.

To evaluate the technical success rate of AVS procedure in patients with a
clinical presentation of primary hyperaldosteronism

The study was retrospectively reviewed in all patients with clinical of
primary hyperaldosteronism and under went AVS, from April 2013-July 2018.
From April 2013-July 2018, 18 patients under went AVS (6 men and 12
women, age 32-67 year-old). The success rate of venous sampling in

bilateral adrenal veins was 66.7%. The technical success rates of AVS were
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Conclusion

66.7% and 100% from the right adrenal vein and the left adrenal vein,
respectively. In 5 of 12 patients with success right AVS, two different types
of catheter were used. We performed intraprocedural cortisol measurement
(IPCM) technique in 7 patients and the right adrenal vein was achieved in
5 patients within the second attempt using the resampling technique. No
complication was occurred during and after the AVS procedure.

Adrenal venous sampling is a safe and increasingly utilized procedure in
the evaluation of unilateral or bilateral adrenal disease. The success of the

procedure can be improved by using a variety of catheters for right adrenal

vein cannulation and IPCM with resampling technique.

Keywords

Primary hyperaldosteronism, Adrenal Venous Sampling (AVS)

Med J Srisaket Surin Buriram Hosp 2020;35(2): 291-302

Background

Primary hyperaldosteronism is clinical
consisted of hypertension, hypokalemia, and
increased aldosterone production relative to
suppressed plasma renin activity. Patients may
present with a variety of clinical abnormality
including polyuria, polydipsia, muscle weakness,
metabolic alkalosis and uncontrollable
hypertension.”’ In clinical practice, primary
hyperaldosteronism is one of the cause of
secondary hypertension; the prevalence is
2-15% in selected cohorts of hypertensive
patients.”™ In the cohort study of the patients
with hypertension, the patients who have
primary hyperaldosteronism have an increased
risk of cardiovascular and cerebrovascular events
when compare to the patients with others cause
of hypertensive disease.”® The causes of
primary hyperaldosteronism are most often
bilateral adrenal hyperplasia or aldosterone
producing adenoma, and less common by
unilateral adrenal hyperplasia, adrenal

carcinoma, or familial hyperaldosteronism.“)

According to the clinical practice guidelines from
the Endocrine Society 2016, the patient who is
suspected of primary aldosteronism should be
underwent screening test, case confirmation and
subtype classification.” When the aldosterone-
producing adenoma is confirmed from subtype
classification, adrenalectomy is a recommended
treatment in patients who exhibit lateralization
of aldosterone secretion from unilateral
aldosterone-producing adenoma, whereas
bilateral adrenal hyperplasia requires a
mineralocorticoid receptor antagonist.”
Adrenal venous sampling (AVS) is the
criterion standard to distinguish between
unilateral and bilateral adrenal disease in
patients with primary aldosteronism.” The AVS
procedure is technically challenging and
reported success rates to range from 30 to 96%.%”
The success rates of AVS is varying across centers
and particularly related to the correct of bilat-
eral adrenal veins cannulation. Blood sampling
from the right adrenal vein cannulation is more

difficult because of its anatomy and small size.
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In Thailand, the reported success rates of AVS
on bilateral adrenal venous sampling were 71.9%
and 80% in southern and central regions,
respectively.""? The aim of this study is to
determine the technical success rate of adrenal
venous sampling procedure in patients with a
clinical presentation of primary hyperaldosteronism

in our Hospital.

Methods

The study was retrospectively reviewed
in all patients with clinical of primary
hyperaldosteronism and underwent adrenal

venous sampling.

Adrenal venous sampling technique

Since April 2013 all adrenal venous
sampling procedures were performed by two
interventional radiologists (A.T. and C.T.) who
had 1 year of experience in interventional
radiology. Adrenal venous sampling was
performed in the morning. We used continuous
adrenocorticotropic hormone (ACTH) infusion
50 p/h, initiated 30 minutes before and during
the procedure. A 5-French (Fr) vascular sheath
was inserted into right femoral vein using the
modified Seldinger technique. Blood was
sampled from inferior vena cava, left adrenal
vein, and right adrenal vein by sequential
catheterization. The catheterization of left
adrenal vein using a 5-Fr Simmons 2 was done
in all cases. A 5-Fr C2 Cobra catheter was
usually used for the right adrenal vein. A 5-Fr
Shepherd Hook, 5-Fr Headhunter, 5-Fr C1 Cobra,
5-Fr Simmons 1 catheter, or superselective

catheterization using microcatheter may be

required. A small amount of contrast material
was injected gently into the adrenal veins. After
confirmation of the catheter position, intermit-
tent suction from the left adrenal vein and free
flow drainage of the blood from the right
adrenal veins were performed. The blood was
collected about 5 ml from left adrenal vein, 10
ml from inferior vena cava, and at least 2 ml
from the right adrenal vein.

We use the strategies as followed for
the adrenal venous sampling procedure;

1. Interdisciplinary team includes
endocrinologist, radiology Interventionist,
urologist, and clinical laboratory technician to
review the clinical of the patients and plan of
management

2. Review the clinical indication of each
patient to perform adrenal venous sampling
corresponding to the Endocrine Society Practice
Guideline®

3. Review CT anatomy and variation of
bilateral adrenal veins

4. The use of Adrenocorticotropic
hormone (ACTH) stimulation 30 minutes before
adrenal vein catheterization and throughout the
procedure®”

5. Using a variety of catheters for right
adrenal vein selection

6. Sampling technique : Intermittent
gentle suction from left venous blood sampling
and free drainage from right venous blood
sampling

7. Intraprocedural cortisol measurement
(IPCM)®: After the blood was collected from the
suspected right adrenal vein, the specimen was
immediately sent to the clinical laboratory

technician for rapid cortisol measurement.
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During the waiting of cortisol level, the vascular
sheath on the right femoral vein was not
removed. If the selectivity criterion of the right
adrenal vein was not achieved, resampling of
the right adrenal vein was required on the same
day. Due to the waiting time for cortisol level
was about 1-2 hours, we use the [PCM
technique when the dedicated Angio Suite and

clinical laboratory technician were available.

4

295

8. Analysis of the Results"” : The
success rate of AVS was defined as correct
catheter position in bilateral adrenal veins which
calculated by the formula for selectivity index
(SI). The selectivity index was an adrenal
vein-to-inferior vena cava cortisol ratio > 5.
Unilateral primary aldosteronism was judged if
the gradient of aldosterone-cortisol ratio
(Lateralization index) between dominant and

non-dominant side was >3.5.

Table 1 Definition and interpretation of AVS criteria (Adapted from the Endocrine Society
guideline2016)"
Index Formula Interpretation
Selectivity index (SI) PCCside/ PCC,. Ratio > 5 confirm that the
sample was obtained in the
adrenal vein
Lateralization index (LI) (PACdommam/ PCCdommam) Ratio > 3.5 indicate lateralized

aldosterone excess

PCC=plasma cortisol concentration
"PAC=plasma aldosterone concentration

*VC= inferior vena cava

Results

From April 2013-July 2018, 18 patients
underwent adrenal venous sampling (6 men and
12 women, age 32-67 year-old). The success rate
of venous sampling in bilateral adrenal veins
was 66.7%. The technical success rates of AVS
were 66.7% and 100% from the right side and
left side, respectively. The first 14 patients were
performed by the first interventionist (A.T.) and
the later cases were performed by the second
interventionist (C.T). Venous sampling from the
right adrenal vein was successful by using a 5-Fr
Cobra catheter in 10 patients and a 5-Fr Head

Hunter in 2 patients. Venous sampling from the

left adrenal vein was successful in all patients
by using a 5-Fr Simmon 2 catheter. We performed
intraprocedural cortisol measurement (IPCM)
technique in seven patients and the right
adrenal vein was achieved in five patients
within the second attempt using the resampling
technique. Among six patients who failed
attempt adrenal venous sampling in bilateral
adrenal veins, an adrenal nodule was depicted
on CT and underwent surgical adrenalectomy
in two patients. No complication was
occurred during and after the adrenal venous

sampling procedure.
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enal Venous Sampling
18 cases

Successul Unsuccessful
Bilateral AVS Bilateral AVS
6 cases

I ] . I
P CT-Adrenal
=
10 cases | 2 cases 2 cases
[ caesl 3 cases | 1 case | 1 case 1 case
' 2 Cases l 4 Cases

Figure 1 Result of the adrenal venous sampling procedure

Table 2 Characteristics of the patients and result of the adrenal venous sampling procedure

Patient Age (years) / Successful Lateralization Management Pathological report

No. Gender of AVS

1 50/Male No - Open Adrenalectomy Left adrenal adenoma
2 43/Female Yes No Medication -

3 47/Male No - Medication -

4 59/Male Yes Right Laparoscopic Adrenalectomy  Right adrenal adenoma
5 49/Male Yes No Medication -

6 54/Female Yes Left Refuse Surgery -

7 67/Female Yes Left Refuse Surgery -

8 41/Male Yes Left Refuse Surgery -

9 57/Female Yes Right Laparoscopic Adrenalectomy  Right adrenal adenoma
10 51/Female No - Medication -

11 54/Female No - Laparoscopic Adrenalectomy/  Right adrenal adenoma
12 46/Female Yes Right Awaiting surgery -

13 52/Female Yes Left Laparoscopic Adrenalectomy  Left adrenal adenoma
14 32/Female Yes Left Laparoscopic Adrenalectomy  Left adrenal adenoma
15 67/Female No - Medication -

16 61/Female Yes Left Laparoscopic Adrenalectomy  Left adrenal adenoma
17 54/Female Yes Left Laparoscopic Adrenalectomy  Left adrenal adenoma
18 56/Male No - Medication -

Abbreviation: AVS = Adrenal venous sampling
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Table 3

%

The details of AVS procedure including catheter’s type, number of sampling

position for right adrenal vein, using of IPCM technique and interventionists.

Patient No.Type of catheter to find right Type of catheter Number of IPCM with  Intervention
adrenal vein with successful sampling position resampling  Radiologists
right adrenal vein for right adrenal
catheterization vein

1 5Fr C2 Cobra - 3 No AT.
5Fr Shepherd Hook

2 5Fr C2 Cobra 5Fr C2 Cobra 3 No AT.

3 5Fr C2 Cobra - 3 No AT.

a4 5Fr C2 Cobra 5Fr C2 Cobra 1 No AT.

5 5Fr C2 Cobra 5Fr C2 Cobra 2 No AT.
5Fr Headhunter

6 5Fr C2 Cobra 5Fr C2 Cobra 3 No AT.
5Fr Headhunter

7 5Fr C1 Cobra
5Fr Shepherd Hook 5Fr C2 Cobra+ 3 Yes AT.
5Fr C2 Cobra+ 2.7 Fr Progreat 2.7 Fr Progreat

8 5Fr C2 Cobra 5Fr Headhunter 8 Yes AT.
5Fr C2 Cobra with one side hole
5Fr Headhunter
4Fr C2 Cobra
5Fr Shepherd Hook

9 5Fr C2 Cobra 5Fr C2 Cobra 2 Yes AT.
5Fr Headhunter

10 5Fr C2 Cobra with sidehole - 5 Yes AT.
5Fr Headhunter

11 5Fr C2 Cobra - 1 Yes AT.
5Fr Headhunter

12 5Fr C2 Cobra 5Fr C2 Cobra 2 Yes AT.
5Fr Headhunter

13 5Fr C2 Cobra 5Fr Headhunter 3 Yes AT.
5Fr Headhunter

14 5Fr C2 Cobra 5Fr C2 Cobra 2 No AT.

15 5Fr C2 Cobra - 3 No CT.
5Fr Shepherd Hook+ 1.98
Fr Parkway

16 5Fr C2 Cobra 5Fr C2 Cobra 6 No C.T.

17 5Fr C2 Cobra 5Fr C2 Cobra 6 No C.T.

18 5Fr C2 Cobra - 6 No CT.

5Fr Shepherd Hook

Abbreviation: AVS = Adrenal venous sampling, Fr = French, IPCM = intraprocedural cortisol measurement

=)
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Table 4 A 59 year-old man (Patient No.4) with primary hyperaldosteronism and a right adrenal
nodule on CT study was performed adrenal venous sampling. The adrenal venous

sampling revealed right lateralization.

Aldosterone, Selectivity Adrenal vein Lateralization
Vein Cortisol, mol/L
mol/L index PAC-to- PCC ratio index
Right adrenal vein 3,146 153 153/25=6.12  3,146/153= 20.5 41
(dominant)
Left adrenal vein 175 337 337/25=13.48 337/175= 0.5 -

(non-dominant)

Inferior vena cava - 25 - -

Abbreviation: PCC=plasma cortisol concentration, PAC=plasma aldosterone concentration, IVC= inferior vena cava

Figure 2 A 59 year-old man with primary hyperaldosteronism and a right adrenal
nodule on CT study was performed adrenal venous sampling. The adrenal
venous sampling showed right lateralization. Laparoscopic right
adrenalectomy was successfully performed. (a) Angiogram of right
adrenal vein. (b) Angiogram of left adrenal vein. (c) CT study showed
right adrenal nodule (arrow). (d) Gross specimen of right adrenal gland showed
yellowish nodule which was consistent with adrenal adenoma.

=2
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Discussion

The success rate of venous sampling in
bilateral adrenal veins was 66.7% in our study
which was lower than the reported of 71.9% by
Chayovan T et al.”” and 80% by Kongphanich

et al"?

Unsuccessful AVS was primarily due to
failure in cannulating the right adrenal vein.
There were several factors related to adrenal
venous sampling procedure in our centre which
affect the outcome. Low volume of patients and
low experience of the interventionists could be
the factors that decreased the success rate. AVS
has performed about 3-4 cases per year in our
centre, whereas Chayovan T. et al."" reported
7-9 procedures per year and Stowasser M. et

al.(lll)

suggested that the focused technical
expertise should maintain skill at least 15-20
procedures per year. The number and
experience of the interventionist were also the
keys to AVS success. The report by Chayovan T et al.*”
showed the higher success rate of bilateral AVS
in a dedicated single interventionist and previous
studies suggested that the AVS procedure should
be limited to a few interventionists particularly
in a low-volume centre®'”. The study in the
learning curve of a single interventionist by

Jakobsson et al.*?

reported the satisfactory AVS
success rate was achieved after 36 procedures
and increased success rate to more than 96%
after 7 years with 18-36 AVS procedures per year.

The studies by Chayovan et al."? and

Berney et al."?

reported that the male gender
was the factor associated with the success of
AVS about ten times more likely to succeed than
in females. In our study, the success rate in the
female gender was higher than in male patients.

However, the result in our study may be limited

99

by a small number of patients.

The study by Omura et al."” revealed
the variation of right adrenal vein anatomy in its
location and angle. The orifice of the right
adrenal vein was located between the T10 and
L1 vertebrae, 99% in the right posterior quadrant,
and most common frequent angle in a
posterior, rightward, and caudal course.'”
Different types of catheter may increase the
success rate in the right adrenal vein cannulation.
The right adrenal vein was successfully
cannulated using a 5-Fr C2 Cobra catheter in
most of our cases. However, two cases were
success after changing the catheter to 5-Fr Head
Hunter type. Regarding to the studies using a
three-dimensional (3D) type catheter, the results
were promising which the 3D shape improved
the stability of the catheter in the IVC."®'? Araki
et al."” studied the use of two type catheters
(planar and 3D shape) and showed an 83%
success rate in right adrenal vein cannulation
using one or both type catheters.

Increased rate of success AVS using
Intraprocedural cortisol measurement (IPCM)
was reported in previous publications.”**" We
performed the IPCM technique in seven patients
and the right adrenal vein was achieved in five
patients within the second attempt using the
resampling technique. To use the IPCM
technique need the available and collaboration
of interventional radiology team, laboratory
transportation and the clinical laboratory
clinician. The procedure time may be prolonged
when use IPCM technique.

Adjunctively use of C-arm CT was
another technique to increase the success rate

of bilateral adrenal venous sampling which

=)
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reported elsewhere.”**” However, the C-arm CT
was not available in our center.

The complications such as rupture of
the adrenal vein, adrenal infarction, adrenal vein
thrombosis, hypertensive crisis, and adrenal
insufficiency could occurred in AVS procedure.
However, complications of AVS procedure are
rare, occurring less than 1%.*** No complication
was found in our study.

There were some limitations in this
study. First is a low volume of patients who
underwent AVS procedure in our centre which
may reflect that the AVS is underused. Second,
the findings of adrenal nodules on CT images
did not be evaluated or compared with AVS or
surgical results. Third, the outcome of the
patients in blood pressure control after
adrenalectomy was not reviewed. However,
improved blood pressure control in nearly all
patients who undergo AVS-guided adrenalectomy

was reported in previous studies.”**"

Conclusion

Adrenal venous sampling is a safe and
increasingly utilized procedure in the evaluation
of unilateral or bilateral adrenal disease. The
success of the procedure can be improved by
using a variety of catheters for right adrenal vein
cannulation and Intraprocedural cortisol meas-

urement (IPCM) with resampling technique.
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