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Adrenal Venous Sampling for Primary
Aldosteronism and Clinical Outcomes
After Unilateral Adrenalectomy:
A Single-Center Experience
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Adrenal venous sampling (AVS) remains contro-
versial in the management of primary aldosteron-
ism. Retrospective chart review was conducted at
the Hospital of the University of Pennsylvania
from July 2001 to September 2007. A total of
113 patients underwent AVS, 16 patients were
excluded as records were unavailable. Among 97
remaining patients, 61 had unilateral disease and
57 underwent unilateral adrenalectomy. Blood
pressure (BP) improved significantly with less
antihypertensive medication requirement. Among
those with different BP responses to adrenalectomy
(cure, improvement, or no change), a higher number
of preoperative antihypertensive medications was
associated with persistent hypertension (P = .03).
There were no significant differences in age
(P = .14), duration of hypertension (P = .60), family
history of hypertension (P = .68), or serum creati-

nine (P = .34). When AVS shows lateralization, age,
duration of hypertension, family history, or renal
dysfunction did not predict BP response to
adrenalectomy. Results suggest that these factors
should not preclude AVS and subsequent
adrenalectomy. Further studies are indicated to
confirm these findings. J Clin Hypertens
(Greenwich). 2009;11:316–323. ª2009 Wiley Periodicals,

Inc.

Primary aldosteronism (PA) is increasingly rec-
ognized as an important cause of secondary

hypertension.1,2 PA not only causes refractory
hypertension but is also associated with a higher
cardiovascular morbidity irrespective of blood
pressure (BP).3 Recent data suggests that the pre-
valence of PA is higher than previously thought.
A large prospective study reported that the preva-
lence of PA was 11% in newly diagnosed hyper-
tensives4 and as high as 38% in suspicious cases.5

There are several subtypes of PA; aldosterone-
producing adenoma (APA), unilateral adrenal
hyperplasia (UAH),6 bilateral adrenal hyperplasia
(BAH), and other rare causes. Unilateral disease
(APA and UAH) is often treated with adrenalec-
tomy with variable improvements in BP after adre-
nalectomy. Bilateral disease (BAH) is usually
treated with multiple antihypertensive medications
including aldosterone antagonists.1

Adrenal venous sampling (AVS) distinguishes uni-
lateral from bilateral disease.7–14 It is, however, tech-
nically challenging and not used in all centers or
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only in select cases in some centers.11,12,14 Whether
AVS is always necessary and whether it changes clin-
ical management has been debated.11,12,14 In our
program, we routinely confirm suspicious or diag-
nostic biochemical findings of increased aldosterone
activity with AVS before undertaking adrenalectomy
in patients who are willing to undergo surgery. The
purpose of this study is to review clinical outcomes
of patients who underwent AVS and examine the
predictors of outcomes.

METHODS
This is a retrospective chart review. Patients under-
going AVS studies at the Hospital of the University
of Pennsylvania from July 2001 to September 2007
were identified from the radiology database, from
which 22 cases were previously published.13 The
following data were collected: age, sex, race, dura-
tion of hypertension, serum creatinine, family his-
tory of hypertension in first-degree relatives, plasma
aldosterone concentration (PAC; in ng ⁄dL), plasma
renin activity (PRA; in ng ⁄mL ⁄h), PAC to PRA
ratio, imaging studies of the adrenal glands, side of
adrenal mass, results of AVS, pathologic findings of
the surgical specimen, BP and the number of anti-
hypertensive medications, serum potassium and
potassium supplementation preoperatively and post-
operatively, and the duration of follow-up at the
last available BP reading. To prevent confusion, we
used the term hyperplasia for pathologic findings
and bilateral adrenal mass for imaging findings.
Direct renin levels or 24-hour urine aldosterone
was used for the diagnosis of PA in 9 and 1
patients, respectively. These data were excluded
from the analysis of PAC, PRA, and PAC ⁄PRA
ratio. Saline loading was not routinely performed.
Before the measurement of PAC and PRA or AVS,
aldosterone antagonists (spironolactone and eplere-
none) were held but other antihypertensive agents
were continued.15–17 For patients referred from out-
side practice, the referral letters were examined to
obtain the necessary information. AVS was per-
formed as described previously.13 Briefly, the adre-
nal veins were catheterized via the percutaneous
femoral vein approach. Blood samples were
obtained from the inferior vena cava (IVC) and
bilateral adrenal veins for the measurement of corti-
sol and aldosterone. For simultaneous technique,
after baseline sampling, 0.25 mg of cosyntropin
was administered as a bolus followed by 0.25 mg
in 5 mL of normal saline solution infused over 10
to 15 minutes. For sequential technique, continuous
infusion of cosyntropin was administered (0.25 mg
in 500 mL of normal saline, 100 mL ⁄h, beginning

1 hour before the sampling and throughout the
procedure). For simultaneous technique, poststimu-
lation values were used for analysis. Selectivity
index (SI) was defined by a ratio of cortisol level in
each adrenal vein compared with that in the IVC.
Adequate sampling was determined by SI >5.10

Lateralization index (LI) was defined by ipsilateral
aldosterone to cortisol ratio (A ⁄C ratio [ng ⁄dL per
g ⁄dL]) over contralateral A ⁄C ratio. AVS results
are interpreted as follows: lateralization if LI >4
and no lateralization if LI <4.10,13,18 The change in
BP after adrenalectomy was defined as follows: cure
when BP was <140 ⁄90 mm Hg without antihyper-
tensive medications; improvement when systolic BP
(SBP) decreased by >10 mm Hg with the same
number of drugs or SBP remained within
10 mm Hg of difference from preoperative value
with fewer antihypertensives; no change when the
same number of antihypertensives was required to
keep BP within 10 mm Hg of difference from pre-
operative value or BP increased by >10 mm Hg
with fewer medications; worsening when more
medications were required to control BP or BP
increased with the same number of medications.

The protocol and the permission to waive writ-
ten informed consents were approved by the institu-
tional review board at the University of
Pennsylvania.

Statistical Analysis
Continuous variables are expressed as mean fol-
lowed by standard deviation. Continuous variables
were compared by Student t test or analysis of
variance (ANOVA) and categoric variables by chi-
square test using SPSS version 16.0 (SPSS Inc,
Chicago, IL). A P value <.05 was considered statis-
tically significant.

RESULTS
Results of AVS
There were 127 studies of AVS performed on 113
patients from July 2001 to September 2007. In 114
studies AVS was performed by using a sequential
technique, and in 13 studies AVS was performed
using a simultaneous technique. The results were as
follows: LI �4 in 61 (48%) and LI <4 in 54
(42%). In 10 studies, SI was <5. In 1 case, the
blood sample was lost by the laboratory and in
another case, the left renal vein was occluded and
the procedure was voluntarily terminated. Exclud-
ing these 2 cases, the successful sampling (SI >5)
was obtained in 115 of 125 cases (92%). Among
them, SI was >10 in 112 cases (90%). In 12
patients, AVS was repeated twice (6 due to inade-
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quate sampling, 6 due to borderline LI). In one
patient, AVS was repeated 3 times due to technical
difficulties and loss of the blood sample.

Patients’ Characteristics With Adrenalectomy and
Without Adrenalectomy
Among 113 patients who had AVS, medical
records were available for review in 97 patients.
There were no significant differences in demograph-
ics (age, sex, and race) of the 16 patients without
medical records and 97 with medical records (data
not shown). The imaging findings and AVS results
for these 97 patients are shown in Table I. There
were 5 patients with equivocal AVS results. In these
5 cases, LIs were 2.7, 2.89, 3.18, 3.5, and 3.86.
The decision for adrenalectomy was made due to
the contralateral suppression of A ⁄C ratio that was
used for the criteria for lateralization in some stud-
ies.7,8 In the last case, an LI of 3.86 was felt to be
close enough for the cutoff of 4. Fifty-six patients
with lateralization and 5 patients with equivocal
AVS results were considered to have unilateral dis-
ease. Among them, 3 were lost to follow-up and 1
refused adrenalectomy. Thus, a total of 57 patients
underwent adrenalectomy (details of patient flow
are shown in Figure 1).

The characteristics of patients with different
AVS results and response to surgery are summa-
rized in Table II. All but 4 (all in the nonlateralized
group) had PAC >15 ng ⁄dL and PAC ⁄PRA >20,
which are consistent with the recent guidelines pub-
lished by the Endocrine Society for screening for
PA.18 There was no significant difference in demo-
graphics, duration of hypertension, serum creati-
nine, family history of hypertension, PAC, size of
mass, or severity of hypertension between those

who underwent adrenalectomy and those who did
not (data not shown). Patients who underwent
adrenalectomy required significantly more potas-
sium supplementation preoperatively compared
with those who did not have surgery (24�40 vs
6.4�14.4 mEq; P=.02). They also had significantly
lower PRA (0.33�0.30 vs 0.54�0.60 ng ⁄mL ⁄h;
P=.02) and higher PAC ⁄PRA ratio (199�130 vs
112�93 ng ⁄dL per ng ⁄mL ⁄h; P=.002). When PAC
and PRA were tested, 34% were taking an angio-
tensin-converting enzyme inhibitor (ACEI) and
30% were taking an angiotensin receptor blocker
(ARB).

Clinical Outcomes of Unilateral Adrenalectomy
Clinical outcomes of unilateral adrenalectomy are
summarized in Table II. BP improved significantly
with fewer antihypertensive medications required
(148�23 ⁄88�12 mm Hg with 3.5�1.7 medica-
tions preoperatively and 134�21 ⁄82�11 mm Hg
with 1.2�1.1 medications postoperatively) (n=57).
The duration of follow-up was 9.4�15.8 months
from the time of surgery. Serum potassium also
significantly increased with less potassium supple-
mentation. None of the patients were taking aldo-
sterone antagonists or potassium-sparing diuretics
postoperatively. The improvement in hypertension
was persistent up to 4 years (Figure 2). After adre-
nalectomy, hypertension was cured in 12 (21%),
improved in 39 (68%), unchanged in 5 (9%), and
worsened in 1 (2%). Overall, 89% of patients had
either cure or improvement in BP control. In 1
patient, the number of antihypertensive medications
was increased with no change in BP but it was indi-
cated for worsening heart failure rather than for
worsening hypertension. In comparison, 36 patients
without lateralization showed significant improve-
ment in BP at the last visit (132�14 ⁄ 83�10 mm Hg
[P<.001 compared with initial visit]) but no change
in the requirement of number of medications
(3.5�1.4 [P=.75]) (duration of follow-up was
35�21 months). Among them, 14 were taking
spironolactone, 4 taking eplerenone, and 4 taking
amiloride. Other patients were referred back to the
referring physicians and therefore we do not have
the data available on their use of aldosterone
antagonists after AVS. None of these patients had a
cure of hypertension during the follow-up period.

The characteristics of patients with different out-
comes in BP control were summarized in Table III.
Patients with persistent hypertension tended to be
older, although this was not statistically significant.
There was no significant difference in sex, race,
duration of hypertension, serum creatinine, PAC,

Table I. Imaging Findings and AVS Results for 97

Patients With Medical Records

No.

Imaging
Right adrenal mass 26
Left adrenal mass 52

Bilateral adrenal mass 8
No adrenal mass 10
Data not available 1

AVS

Lateralization
To the right 30
To the left 26

Equivocal (see text) 5
No lateralization 36

Abbreviation: AVS, adrenal venous sampling.
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Figure 1. Details of 113 patients who underwent adrenal venous sampling. LI indicates lateralization index.

Table II. Clinical Characteristics of Groups According to AVS Findings

Lateralization

(n=56)

Equivocal

(n=5)

No Lateralization

(n=36)

Imaging
Right adrenal mass 19 2 5

Left adrenal mass 27 3 22
Bilateral adrenal mass 5 0 3
No mass 4 0 6

Data not available 1 0 0
Contralateral suppression in AVS 53 4 2
Pathology

Adenoma 40 4
Hyperplasia 9 0
Hyperplasia with dominant adenoma 2 1
Data not available 1 0

No surgery 4 0
Response to surgery

SBP, mm Hg

Preoperative 148.0 (22.2) 146.8 (29.0)
Postoperative 133.2 (19.3) 147.0 (34.0)

DBP, mm Hg

Preoperative 87.7 (11.7) 88.4 (16.7)
Postoperative 81.3 (10.6) 86.0 (10.2)

Hypertensive medications, No.
Preoperative 3.4 (1.7) 4.8 (0.5)

Postoperative 1.2 (1.1) 1.4 (1.1)
Serum potassium, mmol ⁄ L

Preoperative 3.6 (0.6) 3.7 (0.6)

Postoperative 4.0 (0.7) 4.1 (0.5)
Potassium supplement, mEq ⁄ d

Preoperative 23.1 (40.2) 35 (34)

Postoperative 1.5 (6.7) 0

Abbreviations: AVS, adrenal venous sampling; DBP, diastolic blood pressure; SBP, systolic blood pressure. Values are expressed
as mean (standard deviation).
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PRA, PAC ⁄PRA ratio, LI by AVS, or preoperative
BP. The requirement of more medication preopera-
tively was significantly associated with persistent
hypertension. There was equivalent improvement in
BP in adenoma and hyperplasia groups (data not
shown). For 9 patients with hyperplasia, BP
improved from 156.7�18.1 ⁄86.9�6.7 mm Hg to
135.8�14.9 ⁄82.9�8.5 mm Hg. Serum potassium
increased from 3.6�0.7 mmol ⁄L to 4.0�0.4
mmol ⁄L. Potassium supplementation decreased
from 20�42.8 mEq ⁄d to 2.5�7.1 mEq ⁄d.

AVS Results and Clinical Outcomes in Patients
With Lateralization
We hypothesized that a higher LI would predict
better BP response after adrenalectomy. As shown
in Table IV, there was no difference in BP response
to adrenalectomy in patients with LI > or <10.
We also used cutoff values of 5, 13, 15, 20, and 25
and there was still no significant difference (data
not shown).

DISCUSSION
Adrenal venous sampling is the gold standard test
to differentiate unilateral from bilateral disease in
patients with PA; however, it is technically difficult
with a variable success rate. It has been debated
whether it should be performed in all patients with
PA or just in select cases. Also, there have been
controversies over the use of cosyntropin stimula-
tion and its interpretation.

In this single-center experience, AVS was per-
formed in all patients with PA and it was success-
fully achieved in 92%. In previous studies, the
success rate ranged from 42%12 to 95%.10

Rossi and colleagues19,20 evaluated whether
cosyntropin stimulation improves the selectivity and
lateralization of AVS. They concluded that it
improves selectivity but increases false-negative
results for lateralization. In other studies, the use of
cosyntropin was reported to improve the accuracy
of interpretation.12,13

Adequate sampling and lateralization have been
variably defined by an SI of 1.1 to 5 (7–14) and an
LI >2 to 5 (7–14), respectively. Rossi and col-
leagues9 claim that an SI of 1.1 is sufficient and an
LI of 2 gives the best sensitivity and specificity.
Cosyntropin stimulation was not used in their
study. An SI of 5 is accepted in most studies
using cosyntropin stimulation.8,10,13 Doppman and
colleagues7 demonstrated that an LI of 5 carries a
positive predictive value of 0.96 and a negative pre-
dictive value of 1.00 for APA using pathological
findings as a gold standard. In another study,
Young and colleagues10 demonstrated that an LI of
4 had a 95.2% sensitivity and 100% specificity for
unilateral disease. In their study, they distinguished
APA, UAH, and BAH using the combination of
AVS, pathological findings, postoperative urinary
aldosterone excretion, and the clinical course.

We used an SI �5 (most of the adrenalectomy
patients had an SI �10) and an LI �4 as cutoff

Figure 2. Change in blood pressure after adrenalectomy.
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points with the use of cosyntropin stimulation.
Recent guidelines from the Endocrine Society18

pointed out that ‘‘many groups advocate the use of
continuous cosyntropin infusion during AVS’’
although it did not make any discrete recommenda-
tion for or against its use. The guideline also men-
tioned that an SI �10 and an LI �4 have been
used for the criteria for selective catheterization and
for unilateral disease, respectively, with cosyntropin
stimulation. The use of cosyntropin stimulation and
the selection of cutoff points of SI and LI in our
center are based on most accepted current clinical
practice in accordance with guidelines by the Endo-
crine Society.

Hypokalemia was more severe in patients with
lateralization as noted previously, when comparing
patients who had lateralization and no lateraliza-
tion.5,9 Patients with lateralization had more sup-
pression of PRA but no difference in PAC. This
differed from previous reports,5,9 which reported
higher PAC but similar PRA. The reason for the

difference is unclear. We also showed that there
was significant difference in the presence of contra-
lateral suppression of A ⁄C ratio (contralateral A ⁄C
ratio less than that of IVC) in patients with laterali-
zation compared with those without lateralization.
This was also reported by Young and colleagues,10

but in our study the difference was more pro-
nounced (93% vs 6%, respectively, in our study
and 94% vs 32%, respectively, in their study).

Fifty-seven patients underwent unilateral adre-
nalectomy. Their BP improved significantly with
significantly fewer antihypertensive medications.
Overall, 89% of patients had achieved some benefit
in BP control after adrenalectomy. This is compara-
ble to previous studies.21–26 It is well-known that
hypertension can persist after adrenalectomy in PA.
The factors associated with persistence of hyperten-
sion are variably listed as age, longer duration of
hypertension, higher PAC, family history of hyper-
tension in a first-degree relative, the number of
antihypertensive medications before adrenalectomy,

Table III. Characteristics of Patients With Different Blood Pressure Outcome

Cure

(n=12)

Improvement

(n=39)

No Change

(n=5) P Value
a

Age 47.3 (5.7) 50.9 (11.0) 56.6 (8.3) .14
Sex (male:female) 6:6 23:16 4:1 .52
Race

White 7 22 3 .83
African American 2 7 0
Asian 1 1 0
Unknown 2 9 2

Duration of HTN, y 14.4 (10.7) (n=8) 12.7 (9.7) (n=33) 12.5 (5.0) (n=4) .60
Serum creatinine, lmol ⁄ L
and mg ⁄ dL

79.6 (17.7) and 0.9
(0.2) (n=12)

106.1 (61.9) and 1.2
(0.7) (n=39)

79.6 (26.5) and 0.9
(0.3) (n=5)

.34

Family history of HTN in
first-degree relative, %

75 (6 of 8) 63 (17 of 27) 50 (2 of 4) .68

PAC, ng ⁄ dL 47.6 (28.6) (n=7) 41.1 (27.2) (n=29) 31.1 (13.7) (n=4) .78

PRA, ng ⁄ mL ⁄ h 0.45 (0.46) (n=7) 0.31 (0.40) (n=29) 0.24 (0.13) (n=4) .28
PAC ⁄ PRA, ng ⁄ dL per ng ⁄ mL ⁄ h 164 (120) (n=7) 211 (140) (n=29) 158 (99) (n=4) .70
LI by AVS 19.4 (16.8) (n=12) 17.1 (15.2) (n=39) 13.1 (17.2) (n=5) .71
Pathological findings

Adenoma 7 32 4 .46
Hyperplasia 3 5 1
Hyperplasia with dominant

adenoma

1 2 0

Unknown 1 0 0
Preoperative

SBP, mm Hg 140 (18) 153 (23) 128 (15) .08
DBP, mm Hg 87 (9) 89 (13) 79 (13) .13
Antihypertensive medications, No. 2.4 (1.3) 3.9 (1.6) 3.1 (2.2) .03
Antihypertensive medications, units 1.8 (1.0) 3.3 (1.6) 3.1 (3.2) .03

Abbreviations: AVS, adrenal venous sampling; DBP, diastolic blood pressure; HTN, hypertension; LI, lateralization index; PAC,
plasma aldosterone concentration; PRA, plasma renin activity; SBP, systolic blood pressure. aP values for categoric variables are
by chi-square test and P values for continuous variables are by analysis of variance.
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and serum creatinine level.21–26 In these studies,
patients were considered to have APA preopera-
tively depending on the presence of an adrenal
mass on imaging studies. AVS was not always per-
formed and often done only in select cases. In our
study, compared with previous studies,21–26 the
patients’ mean age was higher (mean age in 40s in
previous studies vs in early 50s in our study), dura-
tion of hypertension longer (<10 years in previous
studies compared with >10 years in our study),
and the number of antihypertensive medications
taken before adrenalectomy was higher (mean
number of antihypertensives of 2 or 3 in previous
studies compared with >3 in our study). All of
these are risk factors for a poor response to adre-
nalectomy. Nevertheless, we had comparable
improvement in BP control. In our study, the num-
ber of antihypertensives required preoperatively
was associated with persistent hypertension postop-
eratively but not age, duration of hypertension,
family history, preoperative PAC, or serum
creatinine. This suggests that older patients with a
long history of hypertension may still benefit from
unilateral adrenalectomy if AVS shows lateraliza-
tion. It also raises the possibility that in previous
studies that did not use AVS, they may have mis-
classified BAH with nonfunctional adenoma as
APA. In general, patients with BAH are older.1

Since older age is associated with longer duration
of hypertension and higher creatinine, these may
have caused an apparent association with persistent
hypertension in their studies.

We also report that 16% of patients who
showed lateralization by AVS had pathological
findings of adrenal hyperplasia, suggestive of UAH.
This is much higher than a previously reported
prevalence of <2%.10 There was no significant dif-
ference in the improvement of BP in adenoma and
hyperplasia groups, suggesting that this was not
due to a misclassification by AVS. UAH might have
been underrepresented in previous studies that did
not routinely use AVS.

We further examined whether the LI in AVS
predicts the BP response from unilateral adrenalec-
tomy. Higher LI did not predict BP response. This
suggests that patients with lateralization (LI �4)
will experience similar benefit from unilateral adre-
nalectomy.

LIMITATIONS
There are several limitations to our study. This is a
retrospective single-center study in a tertiary referral
center. Because the sample size is relatively small,
we cannot completely exclude the possibility that
the absence of association with age, duration of
hypertension, and family history may be due to a
type 2 error. There could also be a referral bias.
Since patients were referred for AVS from multiple
practices, there was no standardized criterion for
the referral to evaluate a possible diagnosis of PA
and a salt-loading test was not routinely performed.
However, more than half of the patients were tak-
ing an ACEI or an ARB when PAC and PRA were
measured. It is reported that a captopril suppression
test is as effective as a salt-loading test.27 The con-
tinued use of an ACEI or ARB may have served as
an equivalent of a suppression test. ACEIs and
ARBs affect aldosterone and renin secretion and there
is a theoretic concern that their use may confuse the
interpretation of PAC ⁄PRA. However, previous stud-
ies reported that PAC ⁄PRA can still be interpreted
with the use of antihypertensive agents other than
aldosterone antagonists.15–17 The American Heart
Association Scientific Statement supported these
findings. It only mandates the cessation of aldosterone
antagonists before the measurement of PAC and PRA
for the screening of PA.28

We cannot rule out the possibility that patients
without lateralization by AVS could have possibly
benefited from adrenalectomy. It would have been
informative if there were patients whose AVS sug-
gested bilateral disease but who underwent adrenal-
ectomy due to other reasons (such as significant
adrenal enlargement over time) and whether we
could compare the clinical outcomes of these patients
with patients whose AVS showed lateralization.

Table IV. Characteristics of AVS Results and Clinical

Outcomes in Patients With Lateralization

LI <10

(n=26)

LI �10

(n=31) P Value
a

Preoperative
SBP, mm Hg 146 (28) 149 (17) .62

DBP, mm Hg 87 (14) 88 (10) .75
Antihypertensive
medications, No.

3.8 (1.6) 3.3 (1.7) .32

Antihypertensive

medications, units

3.2 (1.9) 2.8 (1.5) .37

Postoperative
SBP, mm Hg 134 (23) 135 (20) .91

DBP, mm Hg 81 (9) 82 (12) .56
Antihypertensive
medications, No.

1.5 (1.2) 1.1 (1.0) .18

Antihypertensive
medications, units

0.9 (0.8) 0.7 (1.0) .58

Abbreviations: AVS, adrenal venous sampling; DBP, dia-
stolic blood pressure; LI, lateralization index; SBP, systolic

blood pressure. aP values by t test.
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However, we did not find such a case in our series.
Although the cure of hypokalemia without aldo-
sterone antagonists or potassium-sparing diuretics
strongly suggests a biochemical cure of PA, post-
operative PAC and PRA were not available. Thus we
cannot definitively correlate the change in BP with
biochemical cure of PA.

CONCLUSIONS
We report the clinical outcomes of patients with
PA who underwent AVS. BP improved persistently
with significantly fewer antihypertensive medica-
tions. Older age, duration of hypertension, and
family history were not associated with persistent
hypertension for patients with lateralization by
AVS in our experience. Our data suggest that long
duration of hypertension or family history should
not necessarily exclude patients from having adre-
nalectomy. Additional studies are needed to con-
firm our findings.
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