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Abstract

Background—In patients with primary hyperaldosteronism, adrenal vein sampling (AVS) has
emerged as a gold standard for distinguishing between unilateral and bilateral disease, but multiple
criteria have been used and no consensus exists as to the most accurate criterion. The objective of
this study was to determine which AVS criteria most accurately identify patients with unilateral
surgical disease and are associated with significant clinical improvement after adrenalectomy.

Methods—This is a retrospective analysis of AVS results in 108 patients with primary
hyperaldosteronism treated at a single institution. Literature review of AVS criteria was used to
distinguish between unilateral and bilateral disease.

Results—Of the 10 AVS criteria identified in the literature, one criterion (ACTH stimulation,
positioning: cortisol [adrenal]/cortisol [periphery] [Ca/Cp] > 5.0 and lateralization: aldosterone/
cortisol [A/C] [dominant {D}]: A/C [nondominant {ND}] > 4:1) was the most accurate in
identifying and correctly predicting lateralization of disease (P value range: < 0.001-0.0369). For
this criterion, the true positive rate was 88%. The second most accurate criterion was no ACTH
stimulation, positioning Ca/Cp > 1.1 and lateralization: A/C (D): A/C (ND) > 2:1. For this
criterion, the overall true positive was 85%. However, we found no significant difference in
clinical outcome based on individual criteria fulfillment.

Conclusions—Of the multiple criteria used for AVS evaluation, one criterion has the best
accuracy. With the increasing use of AVS, there should be a consensus by which these results are
evaluated and surgeons recommend adrenalectomy.

First described by Jerome Conn in 1954, primary hyperaldosteronism is present in 1.4-10%
of patients with hypertension and is one of the surgically curable forms of secondary
hypertension.! Testing for serum aldosterone level and plasma renin activity is accurate for
screening for primary hyperaldosteronism. Patients with primary hyperaldosteronism may
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have unilateral or bilateral adrenal hypersecretion of aldosterone. Although cross-sectional
imaging may demonstrate unilateral adrenal mass in patients with primary
hyperaldosteronism, adrenal venous sampling (AVS) is necessary to distinguish unilateral
from bilateral adrenal disease.? Since its introduction in the 1960s, adrenal vein sampling
(AVS) has increased in its use and changes the management approach (medical for bilateral
disease and surgical resection for unilateral disease) in up to 50% of patients with primary
hyperaldosteronism.3:4

AVS is commonly used in conjunction with computed tomography (CT) imaging to
lateralize the lesion. Considering that most aldosteronomas are less than 15 mm in size,
adrenal CT may fail or inaccurately identify a nonfunctioning adrenal mass. Several
investigators have advocated the use of AVS in selected patients.>6 In contrast, however,
most studies have demonstrated the usefulness of AVS when radiologic findings were
indeterminate or when there were bilateral adrenal abnormalities identified.2~* Young and
colleagues highlighted the importance of AVS for proper diagnosis and treatment in a
comprehensive, prospective study of 203 patients.? In 42 of 203 patients (21.7%), they
found that without AVS these patients would have been incorrectly excluded for
adrenalectomy, and 48 of 203 patients (24.7%) may have had an unnecessary or
inappropriate procedure if treatment decisions were based on only CT scan findings. Also,
Kempers and colleagues found that reliance on radiographic findings can lead to
inappropriate treatment of primary hyperaldosteronism where CT/magnetic resonance
imaging (MRYI) alone had misdiagnosed 37.8% (359 of 950) of patients.2 We also recently
performed an analysis of 114 patients with primary hyperaldosteronism and found 50% of
patients would have had inappropriate management without AVS.3

Even though AVS is becoming the gold standard for selecting patients who would benefit
from adrenalectomy for their primary hyperaldosteronism, numerous AVS criteria have been
used to define unilateral versus bilateral disease, as well as different AVS techniques being
used. There is currently no consensus on the best AVS criteria for distinguishing unilateral
versus bilateral primary hyperaldosteronism.3 Most criteria have a combination of three
components, adrenal vein-to-periphery cortisol ratios to confirm positioning of the catheter
in the adrenal veins, aldosterone/cortisol ratios compared between glands to distinguish
between the hyper secreting and or suppressed adrenal gland, and/or adrenocorticotropic
hormone (ACTH) stimulation to further lateralize the hyperfunctioning gland. The cutoff
ratio values used to define lateralization also vary greatly from institution to institution.

The purpose of this study was to determine which AVS criteria are most accurate for
lateralization and to determine if any criteria were associated with a better clinical outcome
from adrenalectomy. We compared the ten criteria identified from the literature in 108
patients with primary hyperaldosteronism, to determine which criterion was most accurate
based on biochemical, clinical, and pathologic measures that are associated with unilateral
disease and improvement in primary hyperaldosteronism.
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Using a computerized medical record database, 108 patients with primary
hyperaldosteronism treated between 1991 and 2010 were identified. All 108 patients
underwent AVS per the clinical protocol approved by our Institutional Review Board. A
retrospective review was performed to review demographics, laboratory, AVS results, and
pathology data. Postoperative clinical data, potassium level, aldosterone level, systolic and
diastolic blood pressure, and number of anti-hypertensive medications were obtained during
clinic follow-up or by telephone interview. All patients had a serum aldosterone and plasma
renin level measured for the diagnosis of primary hyperaldosteronism and a confirmatory
test with either a sodium chloride loading test, a captopril test, or a posture test.

AVS Technique—All patients in this study underwent AVS, regardless of CT findings.
An experienced interventional radiologist performed each AVS. Following bilateral femoral
venous catheterization, simultaneous catheterization of the bilateral adrenal veins was
performed using either four French Mickaelsson, Simmons 1, or Cobra 2 catheters with or
without modifications to sample the right adrenal vein and 4 French Simmon 2 or 3 catheters
and rarely a sub three French microcatheter to obtain samples from the left adrenal vein.
Peripheral samples were obtained from the right iliac vein. Baseline blood samples were
drawn 5 min apart from each adrenal vein and the iliac vein. Next, an intravenous bolus of
0.25 mg of ACTH followed by infusion of ACTH (0.25 mg in 250 ml normal saline) at a
rate of 150 cc/hour was administered. Blood samples were collected at 5, 10, and 15 min
post-ACTH infusion, and levels for aldosterone and cortisol were measured. Appropriate
placement of catheters in the adrenal veins was surmised by contrast venography and
subsequently confirmed by appropriately elevated cortisol levels in the adrenal vein samples
compared with the peripheral samples.

Sample Interpretation—There were ten criteria for AVS evaluation identified from the
literature (Table 1).23:6-20 Each of these criteria was used to evaluate the AVS results for
each of the 108 patients. There were 3 components to the criteria identified: (1) whether a
catheter positioning criteria was specified for AVS, (2) whether ACTH stimulation was
used, and (3) the aldosterone-to-cortisol ratio cutoff and or the presence of suppression of 1
gland (nondominant) relative to the other gland or peripheral aldosterone-to-cortisol ratio.
Criteria that did not use ACTH stimulation were applied to the prestimulation AVS samples.
The criteria were met if AVS results indicated both proper placement in the adrenal veins
and lateralization. True positives were defined as those criteria that correctly lateralized the
hyperfunctioning gland as was ultimately determined by the operative findings, clinical and
laboratory postoperative results.

Clinical Scale Score—Follow-up records were evaluated on the basis of six
postoperative findings to determine the presence of clinically significant surgical disease and
patient outcome. One point was assigned for each (total score of up to six) of the following
criteria: surgical pathology showing adrenocortical adenoma or hyperplasia, postoperative
normal blood pressure (< 140 systolic or< 90 diastolic) off anti-hypertensive medications,
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discontinuation of all anti-hypertensive medications, reduction in number of anti-
hypertensive medications, resolution of hypokalemia, and normalization of serum
aldosterone level.

Statistical Methods—Once the AVS results were evaluated using the 10 identified
criteria, the true positive rate was determined in those patients who underwent
adrenalectomy and only in those in whom the postoperative serum aldosterone level and or
postoperative blood pressure was normal off medications. McNemar and chi-square analysis
were then used for comparison of criteria to determine statistical significance. All
calculations were completed using StatView statistical software (SAS, Inc., Cary, NC).

Of 108 patients, 91 underwent adrenalectomy for unilateral disease, while 17 underwent
medical management for bilateral disease based on AVS sampling results. The demographic
and clinical characteristics of the study cohort are summarized in Table 2. While undergoing
AVS, all patients had successful adrenal vein catheterization confirmed by elevated adrenal
vein cortisol compared with peripheral vein cortisol and bilateral venography.

Each AVS dataset for the 108 patients was evaluated by the 10 separate criteria. A patient
met criteria if AVS values were within guidelines for both positioning (for both adrenal
veins) and lateralization. All 10 criteria were applied to all 108 patient AVS study results.
True positive results were determined for each criterion if the determined lateralization was
confirmed by the pathology and follow-up data to be consistent with unilateral disease. The
results of the different criteria are summarized in Tables 3 and 4. Criterion 10, ACTH
stimulation, positioning: cortisol (adrenal)/cortisol (periphery) (Ca/Cp) > 5.0 and
lateralization: aldosterone/cortisol (A/C) (dominant [D]): A/C (nondominant [ND]) > 4:1,
was the most accurate. Criterion 10 had the highest true positive rate compared with the
other criteria (P value < 0.001-.04), excluding criterion 3 (P value = 0.54). Of ten cases not
fulfilling criterion 10, four patients failed to meet positioning criteria and six failed to meet
lateralization criteria. Criterion 3, no ACTH stimulation, positioning Ca/Cp > 1.1 and
lateralization: A/C (D): A/C (ND) > 2:1 was the second most accurate criterion. Criterion 3
had a significantly higher positive rate than the other criteria (P value < 0.001-0.01),
excluding criterion 7 (P value = 0.14), 9 (P value = 0.13) and 10 (P value = 0.54). We also
performed a subset analysis of only those patients (N = 76) in our cohort who had
adrenalectomy and who had normal postoperative serum aldosterone levels and or normal
postoperative blood pressure readings off medications (Table 4). We found criterion ten had
the highest positive rate.

Of the 17 patients who did not have an adrenalectomy, 6 patients met 1 or more of the
lateralization criteria. Also, one patient met all ten criteria, one patient met criteria 1, 2, 3, 9,
and 10, two patients met criteria 3 only, and two patients met criteria 9 only. All 17 patients
who did not undergo adrenalectomy had imaging with CT. CT findings consisted of two
patients with bilateral normal adrenal glands, nine patients with bilateral adrenal masses, and
six patients with evidence of unilateral adrenal mass (2 right, 4 left). Unfortunately, no
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follow-up data is available for the 17 patients who did not undergo adrenalectomy to
determine the true negative or false negative rates.

Postoperative records for 91 patients who had an adrenalectomy were reviewed to document
clinically significant surgical disease. Clinical significance was evaluated using the Clinical
Scale Score. Of the 91 patients, 89 had sufficient clinical information and the results are
summarized in Fig. 1. All patients had a cortical adenoma or hyperplasia on pathology and
had an improvement in 1 or more clinical endpoint evaluated. There was, however, no
significant difference in clinical outcome based on individual criteria fulfillment.

DISCUSSION

The management of primary hyperaldosteronism has dramatically changed in the last two
decades with the recognition that AVS is critical for appropriately selecting patients who
have unilateral disease and who would benefit from adrenalectomy. However, the specific
technique and criteria for determining lateralization based on AVS results remains
controversial. In our study, we found that one of 10 criteria compared had the highest
accuracy (criterion 10: ACTH stimulation, positioning: cortisol [adrenal]/cortisol [periphery]
[Ca/Cp] > 5.0 and lateralization: aldosterone/cortisol [A/C] [dominant {D}]: A/C
[nondominant {ND}] > 4:1). Criterion 10 was significantly better compared with the other
criteria (P value < 0.001-0.04), excluding criterion 3 (P value = 0.54). We, however, found
that none of the AVS criteria evaluated were associated with a significantly different
outcome from adrenalectomy for primary hyperaldosteronism, when comparing clinical and
or laboratory endpoints of disease resolution, or when considering only those patients with
normal postoperative serum aldosterone and or normal blood pressure off medications.

Criterion 10 incorporates three components to determine lateralization. First, positioning
confirmation was required with a high Ca/Cp ratio. Ceral and colleagues supported the use
of this same ratio with findings that acceptable clinical determination can be made with
Ca/Cp greater or equal to five.1” Secondly, ACTH stimulation was used once when
successful canalization was determined. While not required for successful interpretation of
results, ACTH stimulation does improve the number of patients who can have their tumor
lateralized with AVS.3 Finally, a moderate A/C ratio of 4:1 for dominant-to-nondominant
adrenal gland comparison was used. The combined effect of correct positioning, ACTH
stimulation and a moderate A/C ratio allow for a large number of patients to meet
lateralization criteria as evidenced by the high true positive rate. The ten cases that did not
meet criterion 10 were: 4 cases that did not meet the positioning criterion and six that did not
meet the criterion for lateralization. Because these four patients were medically managed for
bilateral disease, no conclusion regarding the presence of surgical disease can be drawn. In
contrast, criterion 3 incorporates two components of AVS. Positioning confirmation is based
on a lower Ca/Cp ratio, thus increasing the number of patients who would meet the criterion.
ACTH stimulation is not used, and the A/C cutoff ratio is lower. Rossi and colleagues
advocated for use of the same criteria in 104 patients that helped to substantiate the use of
AVS in primary hyperaldosteronism evaluation.18
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Regarding the patients who did not undergo adrenalectomy, it is impossible to determine the
presence of clinically significant surgical disease or long-term outcome. Of the six patients
who met one or more of the analyzed criteria, four had imaging indicating either absent or
bilateral disease. The two patients with CT imaging suggestive of the disease had an MRI
that was indeterminate. No speculation as to the true presence of surgical disease can be
determined from this study since no surgery was ever preformed. Only a prospective
randomized study in which patients in this situation were either observed or underwent
adrenalectomy could provide meaningful data in regard to the AVS results accurately
showing bilateral disease regardless of the criteria fulfilled.

We believe our study has several strengths to allow for a comparison of the different criteria
used for AVS lateralization. These include a relatively large study cohort, complete AVS
records and a standardized approach for measurement, and comprehensive AVS values
encompassing all the values used in the ten criteria compared. Moreover, we were able to
include patients who did not have adrenalectomy to more accurately determine the criteria
accuracies for distinguishing between unilateral and bilateral disease. An experienced
interventional radiologist performed all of the AVS, and there was successful adrenal vein
cannulation in all cases using two methods for confirmation. Lastly, both non-ACTH and
ACTH values were available to allow for a comprehensive comparison among the ten
criteria.

There are several limitations in our study as it was retrospective, such as selection bias due
to our institution being a referral center and that our cohort may not be reflective of the
majority of patients with primary hyperaldosteronism. Also, there is no consensus criterion
on when adrenalectomy has been successful in patients with unilateral disease (normal
potassium, normal serum aldosterone, normal blood pressure, no need for anti-hypertensive,
reduction in the number of anti-hypertensive medications needed to control the blood
pressure, reduced hypertension, and/or presence of cortical adenoma/hyperplasia).23:6-20 To
account for this, we used the Clinical Scale Score as a way to attempt to validate the
presence of clinically significant surgical disease and to determine postoperative clinical
improvement. All but two patients had records for analysis, all of which had clinical
evidence of disease, as well as evidence of clinical improvement. We also performed a
subset analysis of only those cases in which the patients had normal postoperative serum
aldosterone levels and or normal postoperative blood pressure off medication and found
criterion ten followed by criteria 9 and three had the highest true positive rate. Another
limitation of any retrospective study analyzing the accuracy of AVS results for correctly
determining the presence of unilateral versus bilateral disease is that those patients found to
have bilateral disease are medically managed so no gold standard can be used to truly
determine if this diagnosis was correct.211.21 For this reason, the accuracies found for the
criteria we compared may be an overestimation.

In summary, we believe there should be a consensus by which AVS results are evaluated
and surgeons recommend adrenalectomy. Our study findings suggest that 1 criterion has the
best overall accuracy (positioning: cortisol [adrenal]/cortisol [periphery] [Ca/Cp] > 5.0 and
lateralization: aldosterone/cortisol [A/C] [dominant {D}]: A/C [non-dominant {ND}] > 4:1)
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and should be used in the evaluation of patients with primary hyperaldosteronism
undergoing AVS for surgical evaluation.
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FIG. 1.

Clinical outcome of patients undergoing adrenalectomy. A total of six points (1 per each
variable) were assigned for the following indicators of unilateral disease and improvement
after adrenalectomy: surgical pathology showing adrenocortical adenoma or hyperplasia,
postoperative normal blood pressure (< 140 systolic or < 90 diastolic) off anti-hypertensive
medication, discontinuation of all anti-hypertensive medications, reduction in number of
anti-hypertensive medications, resolution of hypokalemia, and normalization of serum
aldosterone level. Y axis is the percent of patients with each total score. X axis is the
tencriteria compared
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TABLE 1

Criteria  Positioning criteria

ACTH stimulation

Lateralization

1 NS

2 NS

3 AJC > 1.1 versus periphery

4 Adrenal/peripheral cortisol > 3:1

5 Adrenal/peripheral cortisol > 2:1

6 Adrenal (D)/peripheral cortisol > 3:1
7 NS

8 NS

9 Adrenal (D)/C (periphery) > 2.0

10 Adrenal (D)/C (peripheral) > 5.0

No
No
No
No
No
No
Yes

Yes
Yes
Yes

A/C(D):A/C(ND) > 4:1 and A/IC(ND) < A/C (periphery)
AI/C(D)/AIC (ND) > 1.0 and A/C(ND) < A/C (periphery)
AIC(D) > 2:1

A/C (D):A/IC (ND) > 3:1 and A/C (ND) < A/C (periphery)
A/C (D) and A/C (ND) > 4:1

A/C (D)/AIC (ND) > 2:1 and A/C (ND) < peripheral A/C

ACTH stimulation: A/C (D): A/C (ND) > 4:1, A/C (ND) < A/C
(periphery)

No positioning criteria, ACTH stimulation: A(D): A(ND) > 10:1
AJC (ND) < A/C (periphery)

ACTH stimulation, positioning, lateralization: A/C (D): A/C (ND) >
4:1

D dominant adrenal gland, ND nondominant adrenal gland, A aldosterone, C cortisol, A/C aldosterone-to-cortisol ratio, NS not specified
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TABLE 2

Demographic and clinical characteristics of study cohort

Type Distribution
Gender

Male 63

Female 45
Age (years)

Mean 50

Median 51

Range 23-73

History of hypertension (years)

Mean
Median
Range

13.1
11
0-40

Number of anti-hypertensive medications

Mean
Median
Range

2.7
3
0-6
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Accuracy of adrenal vein sampling criteria in all patients

TABLE 3

Criteria  Percent of patient who fulfilled criteria  Criteria10¢? Criteria3x?
Pvalue’ Pvalue'

1 58 0.0002 0.0014

2 75 0.0013 0.0087

3 85 0.5367

4 29 <0.0001 <0.0001

5 53 < 0.0001 0.0002

6 36 < 0.0001 < 0.0001

7 73 0.0369 0.1386

8 60 0.0004 0.0030

9 78 0.0337 0.1299

10 88 - 0.5367

*
Comparison of the two most accurate criteria (criteria 3 and 10) is listed
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TABLE 4

Accuracy of adrenal vein sampling criteria in patients who had adrenalectomy

Criteria  Percent of all patient who had adrenalectomy and fulfilled criteria  percent of patient who fulfilled criteria®

58
64
85
29
54
36
73
60
78
88

© 00 N o U A~ W N

=
o

37
38
49
16
32
16
45
36
50
54

a . ] - s
Percent of patients who fulfilled the AVS criteria and had normal serum aldosterone and or normal blood pressure off medications
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