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Abstract 

We report on a case of a 50-year-old female patient with primary hyperaldosteronism, 
in whom adrenal venous sampling was required to differentiate between unilateral and 
bilateral disease. Because of a history of severe allergy to iodinated contrast media, 
premedication with glucocorticoids was indicated. Exogenous glucocorticoids, how-
ever, can affect measurements of serum cortisol. To avoid this potential confounding 
effects on the cortisol assay, we decided to use dexamethasone instead of prednisolone 
or hydrocortisone. A  high-dose adrenocorticotropin (ACTH) stimulation test with the 
simultaneous use of dexamethasone revealed an adequate adrenal cortisol response. 
ACTH-stimulated adrenal venous sampling showed reliable results, which provided a 
solid basis for further clinical decision-making.

Key Words: dexamethasone, adrenal vein sampling, primary hyperaldosteronism, contrast allergy, ACTH stimulation 
test

Primary hyperaldosteronism (PA) is defined as autono-
mous overproduction of aldosterone from the adrenal 
gland(s). PA results in excessive water and sodium re-
tention, kaliuresis, and inflammation-induced fibrosis in 
target organs such as the heart and kidney. This may lead 

to therapy-resistant hypertension and hypokalemia and is 
associated with an additionally increased risk of end-organ 
damage leading to cardiovascular and renal complications 
[1-10]. Early diagnosis and appropriate treatment is essen-
tial to prevent these deleterious outcomes [1,3,5,7,10-16]. 
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PA is commonly caused by either an aldosterone-producing 
adenoma of the adrenal gland or idiopathic bilateral aldos-
terone hypersecretion. Other less frequent causes include 
unilateral hyperplasia, bilateral adenomas, and monogen-
etic variants. The distinction between bilateral and unilat-
eral forms of PA is required for the selection of the most 
appropriate treatment. Imaging of the adrenal glands with 
computed tomography (CT) or magnetic resonance im-
aging is recommended to help delineate the subtype. The 
Endocrine Society Clinical Practice guidelines recommends 
adrenal vein sampling (AVS) as the preferred method in 
determining the etiology of hyperaldosteronism [17]. 
Unilateral disease is associated with a marked (4-fold 
greater than contralateral adrenal) increase in plasma al-
dosterone concentration (PAC) to plasma cortisol concen-
tration (PCC) ratio on the affected side. In patients with 
bilateral hyperplasia there is little difference (less than 
3-fold difference in PAC/PCC ratio without contralateral 
suppression) between the 2 sides. Correct and reliable PCC 
measurements are therefore paramount for a correct inter-
pretation of AVS (see Table 1).

During the AVS procedure, intravenous iodinated con-
trast media (ICM) is used to confirm proper placement of 
the catheter. The use of ICM carries a risk of causing se-
vere allergic reactions. Normally, premedication including 
glucocorticoids and antihistaminic agents are used to 
prevent potentially fatal reactions such as a comprom-
ised airway or anaphylactic shock [18]. However, use of 
a synthetic glucocorticoid could potentially interfere with 
the cortisol assay and may blunt the adrenocorticotropic 
hormone (ACTH)-driven release of adrenal hormones [19]. 
This would influence all AVS parameters that rely on PCC 

(selectivity index, lateralization index, and contralateral 
suppression index) (Table 1) and thereby negatively affect 
the reliability of AVS interpretation. Consequently, this pre-
medication could lead to false AVS results and therefore 
inappropriate treatment in these patients with PA.

We here describe a case of a patient with PA and se-
vere allergy to ICM. She underwent ACTH-stimulated AVS, 
with the concomitant use of dexamethasone to prevent a 
severe allergic reaction to the ICM. The AVS revealed ac-
curate and reliable results.

Case Presentation

A 50-year-old female patient was referred to our out-
patient clinic because of biochemically confirmed PA. 
She had a 3-year history of difficult-to-control hyperten-
sion, along with intermittent headaches, palpitations, de-
creased energy, and easy fatigability for the past year. She 
experienced a wide range of cognitive symptoms, malaise, 
and was unable to work. Plasma renin concentration be-
fore saline infusion at the referring hospital was 3.2 ng/L 
and PAC was 514 pmol/L. The aldosterone/renin ratio 
was 160 pmol/ng. After salt loading the plasma renin 
concentration was 1.2 ng/L and the PAC was 296 pmol/L. 
A CT of the abdomen showed no adrenal abnormalities. 
To distinguish between bilateral and unilateral forms of 
PA, AVS was required. Unfortunately, she had a history 
of severe allergy to ICM, which had previously caused 
an episode of dyspnea and swollen throat. Due to this 
history of a prior severe allergic reaction to ICM, pre-
treatment with glucocorticoids and antihistaminic agents 
was required.

Table 1.  Interpretation of adrenal venous sampling

Index Formula Interpretation

Selectivity index PCCside/PCCIVC Values ≥3 confirm that the sample was obtained in the adrenal vein.
Lateralization index (PACdominant/PCCdominant)  

(PACnondominant/PCCnondominant)
Values >3 to 4 indicate lateralized aldosterone excess. 

Contralateral suppression 
index

(PACnondominant/PCCnondominant)  
(PACIVC/PCCIVC)

Values below the cutoff [1] indicate suppression of aldosterone secretion in 
the nondominant gland. 

In adrenal venous sampling (AVS), aldosterone and cortisol concentrations are measured in blood samples from 3 sites [right adrenal vein, left adrenal vein, and 
vena cava inferior (IVC)], often under continuous cosyntropin [synthetic adrenocorticotropic hormone (ACTH)] infusion. Absolute values and accurate laboratory 
assays for cortisol and aldosterone are essential for successful interpretation of the data. The plasma cortisol concentrations (PCC) from the adrenal veins and IVC 
are used to confirm successful cannulation of both adrenal veins. The calculated selectivity index (SI) is the most popular technique to confirm the success of AVS 
[43]. The finding of a concentration gradient between a blood sample in an adrenal vein and the IVC indicates the correct placement of the catheter’s tip into the 
adrenal vein. Most centres use an SI cut-off of 3 or greater for AVS performed during ACTH stimulation [43]. The lateralization index (LI; high-side adrenal vein 
PAC/PCC divided by low-side adrenal vein PAC/PCC) is the index used for assessment of lateralization of aldosterone excess and is the primary endpoint of AVS. 
Because of the dilutional effect of the samples by nonadrenal blood, the adrenal aldosterone levels are corrected by the plasma cortisol concentration. Most centers 
use LI between 3 and 4 during ACTH stimulation. Ratios ≤ 3 are consistent with bilateral aldosterone secretion [21,43]. In patients with unilateral disease the al-
dosterone/cortisol ratio for the nondominant adrenal is less than or equal to the corresponding ratio for the peripheral vein [21,44-46]. This is called “contralateral 
suppression” and confirms unilateral disease of the other adrenal gland.
Abbreviations: dominant, side with higher plasma aldosterone concentration; IVC, inferior vena cava, nondominant, side with lower plasma aldosterone concen-
tration; PAC, plasma aldosterone concentration; PCC, plasma cortisol concentration.
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To avoid the potential confounding effects on the cor-
tisol assay, we decided to use dexamethasone as anti-
allergic premedication. Since it was unclear whether the 
adrenal response to ACTH would be intact if the patient 
was using high-dose dexamethasone, a high-dose ACTH 
stimulation test with the simultaneous use of dexametha-
sone was performed first.

Per protocol, the patient was administered dexametha-
sone 8 mg (as an equivalent of 50 mg prednisolone) orally 
both at 9 pm and the next morning at 7 am. The cortisol 
concentration was 218 nmol/L, measured at the moment of 
admission at the hospital, before the administration of dexa-
methasone. One hour before the second dexamethasone 
dose, an intravenous bolus of 250 µg ACTH (Synacthen©) 
was administered. After 60  min, the serum cortisol con-
centration rose adequately to 812  nmol/L. Reference 
values for a normal cortisol response was >430  nmol/L 
after 250 µg ACTH (Roche Elecsys Cortisol gen2 ECLIA, 
Roche Diagnostics, Mannheim, Germany; AB_2811288) 
[20]. This confirmed a normal cortisol response to ACTH 
stimulation despite the use of high dose dexamethasone. 
The PAC prior to dexamethasone administration was 540 
pmol/L (18.53 ng/dL; reference: 110-1200 pmol/L). After 
the bolus ACTH and 1 dose of dexamethasone, it was 740 
pmol/L. The same day, the patient underwent AVS using 
continuous ACTH stimulation. AVS was successful and un-
complicated; results are shown in Table 2. The mean se-
lectivity index was 17 on the right side and 32.6 on the 
left side. The mean aldosterone/cortisol ratio in the adrenal 
veins of the 2 samples was 1.8 on the right and 2.29 on 
the left, amounting to a left-to-right lateralization index of 
1.30. The aldosterone/cortisol ratio in each adrenal vein 
was greater than the corresponding ratio in the inferior 
vena cava, further confirming bilateral aldosterone over-
production. Altogether, the AVS produced reliable results 
and indicated bilateral adrenal excessive aldosterone pro-
duction, with a slight dominance to the left adrenal gland.

Treatment with spironolactone was added to her base-
line medication, which consisted of doxazosin 8 mg, meto-
prolol 100  mg, nifedipine 60  mg, and perindopril 8  mg. 
Her cognitive symptoms did not improve, and she experi-
enced troubling side effects. Therefore, despite evidence of 
bilateral aldosterone production, she elected to undergo 
unilateral adrenalectomy (left side) to reduce the degree of 
aldosterone excess and, consequently, the severity of the PA 
phenotype.

She underwent uncomplicated laparoscopic unilateral 
adrenalectomy, and histopathology revealed micronodular 
adrenal hyperplasia. The postsurgical saline infusion test 
showed suboptimal suppression of aldosterone [nadir: 
185  nmol/L (6.67  ng/dL)], and low-dose eplerenone was 
initiated. Cognitive functioning normalized and remained 
normal now up to 2 years after surgery, but hypertension 
persisted so she received low-dose eplerenone in addition to 
2 antihypertensive drugs, consisting of amlodipine 10 mg 
and perindopril 8 mg.

Discussion

Here we demonstrate that successful and reliable AVS is 
possible in patients with severe PA and a known allergy to 
ICM if high-dose dexamethasone with concomitant con-
tinuous ACTH infusion is used.

Distinguishing the subtype of PA is key to determine 
the best treatment options. AVS is generally required 
to differentiate between unilateral and bilateral disease 
[17,21]. ICM is essential for successful angiographic lo-
calization of the adrenal veins. ICM is generally safe, but 
adverse hypersensitivity reactions (HSR) after the admin-
istration of ICM are a continuous challenge in clinical 
practice. Adverse events after ICM exposure are classified 
into immediate HSR (onset immediately up to 1  h after 
administration of the agent and presents with symptoms 
of anaphylaxis) and nonimmediate HSR (start more than 

Table 2.  Adrenal venous sampling results

Aldosterone 
(nmol/L)

Aldosterone 
(ng/dL)

Cortisol 
(nmol/L)

Cortisol 
(µg/dL)

Selectivity 
Index (mean)

Adrenal aldosterone: 
cortisol ratio (mean)

Lateralization 
Index

Right adrenal vein     17.0 1.8 0.77
  Sample 1 30.1 1085.0 21,212 768.9
  Sample 2 36.0 1297.6 16,431 595.6
Left adrenal vein     32.6 2.29 1.30
  Sample 1 82 2955.7 35,708 1294.4
  Sample 2 83 2991.7 36,346 1317.5
Inferior vena cava        
  Sample 1 0.67 24.2 1,122 40.7
  Sample 2 0.66 23.8 1,112 40.3
  Sample 3 0.75 27.0 1,078 39.1
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1 h up to 10 days after administration and presents with 
exanthems), with different mechanisms. Reported data of 
previous studies have shown that the incidence of acute 
adverse reactions to ICM varied widely because of dif-
ferent definitions. Reported incidence rates are 0.15% to 
2% with low-osmolarity contrast agents, with >98% being 
mild and self-limiting [22-29]. Battistel et  al found that 
2.6% of patients with PA selected for AVS reported a his-
tory of severe ICM allergy requiring premedication [30]. 
Several risk factors for developing repeat reaction to ICM 
are being discussed. The commonly agreed-on risk factor 
is a history of an immediate adverse reaction to the ICM 
[28,29,31,32]. Park et al found that patients with severe 
initial HSR exhibit a higher recurrence rate of severe HSR 
compared to patients with moderate initial HSR [29].

Alternative methods that permit invasive imaging of ad-
renal veins are required in patients with contraindication to 
ICM. One potential method is the use of gadolinium as an 
alternative contrast agent. The use of gadolinium contrast 
to visualize visceral, peripheral, carotid, or coronary ar-
teries has been reported in patients with contraindications 
for ICM or renal insufficiency [33-35]. Sasamura et al re-
ported the use of gadolinium for venography of the adrenal 
veins in a patient with ICM allergy without any side effects 
[36]. A reaction to both ICM and gadolinium is believed 
to be a rare event [37] because they are chemically distinct 
compounds with structural differences. In 1 study, the inci-
dence rate of acute allergic-like reactions to both agents in 
patients who have received both types of contrast media for 
imaging studies was reported [37]. The overall incidence 
rates of reaction to ICM and gadolinium were 0.48% and 
0.17%, respectively; 0.024% of patients had reactions to 
both ICM and gadolinium. None of the reactions was re-
ported to be moderate or severe.

Mistuba et al described 2 cases of PA patients in which 
gadopentetate dimeglumine, gadolinium chelated by 
diethylenetriamine pentaacetate, was used as an alternative 
contrast agent for AVS [38]. The results showed reduced, 
but acceptable quality. No adverse reaction occurred.

Battistel et  al demonstrated the feasibility of another 
strategy to circumvent the need for ICM [30]. They used 
carbon dioxide (CO2) administration to visualize the in-
ferior vena cava and the adrenal veins and to verify the cor-
rect placement of the catheter’s tip within the vessels. Similar 
to gadolinium, CO2 has been used as a radiocontrast agent, 
and it can be used in patients with renal dysfunction or 
ICM allergy. The AVS procedure was successful. However, 
CO2 gas is technically difficult to use, and the image reso-
lution may be inferior [39].

The visualization of the adrenal veins in these reports 
was considerably poorer than the images obtained using 
conventional contrast media. We did not choose these 

methods because of the reduced image quality and a lack 
of experience with the use of these contrast media for AVS 
at our center.

We are the first to report on a simplified strategy to safely 
perform AVS with continuous ACTH infusion in patients 
with ICM allergy using dexamethasone as premedication, 
instead of prednisolone or hydrocortisone.

The Elecsys Cortisol II assay in our clinical laboratory 
is an automated competitive immunoassay using a mono-
clonal antibody, which is highly specific for cortisol. Of 
all automated immunoassays, the Elecsys Cortisol II is 
probably the least affected by interference with synthetic 
glucocorticoids. However, therapy with prednisolone, 
6-α-methylprednisolone or prednisone can still result in 
falsely elevated concentrations of cortisol, due to their close 
similarity to cortisol [19]. Dexamethasone and other fluor-
inated corticosteroids exert no significant cross-reactivity 
in this assay and in all other cortisol immunoassays used in 
clinical practice. Therefore, it is the glucocorticoid of choice 
in suppression tests of the hypothalamic-pituitary-adrenal 
axis to assess hypercortisolism.

Dexamethasone binds to glucocorticoid receptors in 
hypothalamic paraventricular nuclei and in pituitary 
corticotroph cells, and as such, glucocorticoids exert nega-
tive feedback effects on the hypothalamic-pituitary-adrenal 
axis via direct suppression of corticotropin-releasing hor-
mone and ACTH secretion. Under physiological circum-
stances, a supraphysiologic dose of any glucocorticoid, 
including dexamethasone, is sufficient to suppress pitu-
itary ACTH secretion and thus cortisol production. It is, 
however, not clear if there is a direct inhibitory effect of 
dexamethasone on the adrenal cortex, although dexa-
methasone has been shown to inhibit the transcription of 
steroidogenic genes through a mechanism that involved 
glucocorticoid receptor– and steroidogenic factor 1–medi-
ated induction of DAX-1 [40]. To our knowledge, there 
are no published reports on the concomitant use of dexa-
methasone and ACTH, 2 agents with opposite mechanism 
of action on adrenal cortisol production. Therefore, a high-
dose ACTH stimulation test during short-term treatment 
with dexamethasone was performed according to clinical 
practice guidelines of the Endocrine Society [41]. A peak 
of serum cortisol >430 nmol/L is considered normal using 
the restandardized Roche Elecsys Cortisol II assay, which 
is calibrated against the international reference method 
for cortisol [19,42]. The observed peak stimulated cor-
tisol of 812 nmol/L in our patient indicated excellent ad-
renal secretory response despite the presence of high-dose 
dexamethasone.

The main limitation of this report is that our analysis 
is restricted to 1 patient. Our finding thus requires further 
confirmation. Another limitation is that it there is a lack of 
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research on how administration of dexamethasone affects 
the release of aldosterone.

Conclusion

AVS is the gold standard test to differentiate between uni-
lateral and bilateral causes of PA. However, ICM is needed 
in this procedure, posing a problem for patients with a se-
vere allergy to ICM. The use of exogenous glucocorticoids 
can affect measurements of serum cortisol and may also 
influence adrenal cortisol secretion. Here we demonstrate 
that AVS utilizing continuous ACTH infusion can still be 
reliably and safely performed when using dexamethasone 
as premedication for ICM allergy.

Acknowledgments
We obtained oral and written informed consent from the pa-

tient for publication.

Additional Information
Correspondence: Michiel F.  Nijhoff, MD, Department of Medi-

cine, Division of Endocrinology, Leiden University Medical 
Centre, Albinusdreef 2, 2333ZA, Leiden, The Netherlands. E-mail: 
M.F.Nijhoff@lumc.nl.

Disclosure Summary: The authors have nothing to disclose.
Data Availability: Data sharing is not applicable to this article as 

no data sets were generated or analyzed during the current study.

References
	1.	 Catena C, Colussi G, Nadalini E, et al. Cardiovascular outcomes 

in patients with primary aldosteronism after treatment. Arch 
Intern Med. 2008;168(1):80-85.

	2.	 Rossi  G, Boscaro  M, Ronconi  V, Funder  JW. Aldosterone 
as a cardiovascular risk factor. Trends Endocrinol Metab. 
2005;16(3):104-107.

	3.	 Rossi GP, Maiolino G, Flego A, et al; PAPY Study Investigators. 
Adrenalectomy lowers incident atrial fibrillation in primary aldos-
teronism patients at long term. Hypertension. 2018;71(4):585-591.

	4.	 Rossi  GP, Sechi  LA, Giacchetti  G, Ronconi  V, Strazzullo  P, 
Funder  JW. Primary aldosteronism: cardiovascular, renal 
and metabolic implications. Trends Endocrinol Metab. 
2008;19(3):88-90.

	5.	 Rossi GP, Cesari M, Cuspidi C, et al. Long-term control of ar-
terial hypertension and regression of left ventricular hyper-
trophy with treatment of primary aldosteronism. Hypertension. 
2013;62(1):62-69.

	6.	 Milliez P, Girerd X, Plouin PF, Blacher J, Safar ME, Mourad JJ. 
Evidence for an increased rate of cardiovascular events in 
patients with primary aldosteronism. J Am Coll Cardiol. 
2005;45(8):1243-1248.

	7.	 Sechi LA, Colussi G, Di Fabio A, Catena C. Cardiovascular and 
renal damage in primary aldosteronism: outcomes after treat-
ment. Am J Hypertens. 2010;23(12):1253-1260.

	8.	 Mulatero P, Monticone S, Bertello C, et al. Long-term cardio- 
and cerebrovascular events in patients with primary aldoster-
onism. J Clin Endocrinol Metab. 2013;98(12):4826-4833.

	9.	 Savard S, Amar L, Plouin PF, Steichen O. Cardiovascular com-
plications associated with primary aldosteronism: a controlled 
cross-sectional study. Hypertension. 2013;62(2):331-336.

	10.	 Catena C, Colussi G, Di Fabio A, et al. Mineralocorticoid antag-
onists treatment versus surgery in primary aldosteronism. Horm 
Metab Res. 2010;42(6):440-445.

	11.	 Dekkers T, Prejbisz A, Kool LJS, et al; SPARTACUS Investigators. 
Adrenal vein sampling versus CT scan to determine treatment 
in primary aldosteronism: an outcome-based randomised diag-
nostic trial. Lancet Diabetes Endocrinol. 2016;4(9):739-746.

	12.	 Williams  TA, Lenders  JWM, Mulatero  P, et  al; Primary 
Aldosteronism Surgery Outcome (PASO) Investigators. 
Outcomes after adrenalectomy for unilateral primary aldoster-
onism: an international consensus on outcome measures and 
analysis of remission rates in an international cohort. Lancet 
Diabetes Endocrinol. 2017;5(9):689-699.

	13.	 Catena  C, Colussi  G, Lapenna  R, et  al. Long-term cardiac 
effects of adrenalectomy or mineralocorticoid antagon-
ists in patients with primary aldosteronism. Hypertension. 
2007;50(5):911-918.

	14.	 Hundemer  GL, Curhan  GC, Yozamp  N, Wang  M, Vaidya  A. 
Cardiometabolic outcomes and mortality in medically treated 
primary aldosteronism: a retrospective cohort study. Lancet 
Diabetes Endocrinol. 2018;6(1):51-59.

	15.	 Reincke  M, Fischer  E, Gerum  S, et  al; German Conn’s 
Registry-Else Kröner-Fresenius-Hyperaldosteronism Registry. 
Observational study mortality in treated primary aldos-
teronism: the German Conn’s registry. Hypertension. 
2012;60(3):618-624.

	16.	 Muth A, Ragnarsson O, Johannsson G, Wängberg B. Systematic 
review of surgery and outcomes in patients with primary aldos-
teronism. Br J Surg. 2015;102(4):307-317.

	17.	 Funder  JW, Carey RM, Mantero F, et al. The management of 
primary aldosteronism: case detection, diagnosis, and treat-
ment: an endocrine society clinical practice guideline. J Clin 
Endocrinol Metab. 2016;101(5):1889-1916.

	18.	 Lasser EC, Berry CC, Talner LB, et al. Pretreatment with cor-
ticosteroids to alleviate reactions to intravenous contrast ma-
terial. N Engl J Med. 1987;317(14):845-849.

	19.	 Vogeser M, Kratzsch J, Ju Bae Y, et al. Multicenter performance 
evaluation of a second generation cortisol assay. Clin Chem Lab 
Med. 2017;55(6):826-835.

	20.	 RRID:AB_2811288. http://antibodyregistry.org/AB_2811288
	21.	 Young WF, Stanson AW, Thompson GB, Grant CS, Farley DR, 

van Heerden JA. Role for adrenal venous sampling in primary 
aldosteronism. Surgery. 2004;136(6):1227-1235.

	22.	 Cochran ST, Bomyea K, Sayre JW. Trends in adverse events after 
IV administration of contrast media. AJR Am J Roentgenol. 
2001;176(6):1385-1388.

	23.	 Wang CL, Cohan RH, Ellis JH, Caoili EM, Wang G, Francis IR. 
Frequency, outcome, and appropriateness of treatment of 
nonionic iodinated contrast media reactions. AJR Am J 
Roentgenol. 2008;191(2):409-415.

	24.	 Mortelé  KJ, Oliva  MR, Ondategui  S, Ros  PR, Silverman  SG. 
Universal use of nonionic iodinated contrast medium for  

D
ow

nloaded from
 https://academ

ic.oup.com
/jes/article/5/10/bvab122/6319398 by Jacob H

eeren user on 22 June 2022

mailto:M.F.Nijhoff@lumc.nl?subject=
http://antibodyregistry.org/AB_2811288


6 � Journal of the Endocrine Society, 2021, Vol. 5, No. 10

CT: evaluation of safety in a large urban teaching hospital. AJR 
Am J Roentgenol. 2005;184(1):31-34.

	25.	 Hunt CH, Hartman RP, Hesley GK. Frequency and severity of 
adverse effects of iodinated and gadolinium contrast materials: 
retrospective review of 456,930 doses. AJR Am J Roentgenol. 
2009;193(4):1124-1127.

	26.	 Kobayashi D, Takahashi O, Ueda T, Deshpande GA, Arioka H, 
Fukui T. Risk factors for adverse reactions from contrast agents 
for computed tomography. BMC Med Inform Decis Mak. 
2013;13:18.

	27.	 Suh  YJ, Yoon  SH, Hong  H, et  al. Acute adverse reactions to 
nonionic iodinated contrast media: a meta-analysis. Invest 
Radiol. 2019;54(9):589-599.

	28.	 Cha MJ, Kang DY, Lee W, et al. Hypersensitivity reactions to 
iodinated contrast media: a multicenter study of 196 081 pa-
tients. Radiology. 2019;293(1):117-124.

	29.	 Park HJ, Park JW, Yang MS, et al. Re-exposure to low osmolar 
iodinated contrast media in patients with prior moderate-to-
severe hypersensitivity reactions: a multicentre retrospective co-
hort study. Eur Radiol. 2017;27(7):2886-2893.

	30.	 Battistel  M, Ceolotto  G, Barbiero  G, Rossitto  G, Rossi  GP. 
Adrenal venous sampling in dye-allergic primary aldoster-
onism patients: prevalence, pitfalls and a possible solution. J 
Hypertens. 2018;36(9):1942-1944.

	31.	 Yoshikawa  H. Late adverse reactions to nonionic contrast 
media. Radiology. 1992;183(3):737-740.

	32.	 Lee SY, Kang DY, Kim JY, et al. Incidence and risk factors of im-
mediate hypersensitivity reactions associated with low-osmolar 
iodinated contrast media: a longitudinal study based on a real-
time monitoring system. J Investig Allergol Clin Immunol. 
2019;29(6):444-450.

	33.	 Zeller T, Müller C, Frank U, et al. Gadodiamide as an alternative 
contrast agent during angioplasty in patients with contraindica-
tions to iodinated media. J Endovasc Ther. 2002;9(5):625-632.

	34.	 Kaufman  JA, Hu  S, Geller  SC, Waltman  AC. Selective angi-
ography of the common carotid artery with gadopentetate 
dimeglumine in a patient with renal insufficiency. AJR Am J 
Roentgenol. 1999;172(6):1613-1614.

	35.	 Kälsch  H, Kälsch  T, Eggebrecht  H, Konorza  T, Kahlert  P, 
Erbel  R. Gadolinium-based coronary angiography in patients 
with contraindication for iodinated x-ray contrast medium: a 
word of caution. J Interv Cardiol. 2008;21(2):167-174.

	36.	 Sasamura H, Hashimoto S, Kuribayashi S, et al. Use of gado-
linium contrast adrenal venography for the assessment of pri-
mary aldosteronism in a patient with iodine allergy. Endocr J. 
2004;51(5):487-492.

	37.	 Sodagari F, Mozaffary A, Wood CG 3rd, Schmitz B, Miller FH, 
Yaghmai  V. Reactions to both nonionic iodinated and 
gadolinium-based contrast media: incidence and clinical char-
acteristics. AJR Am J Roentgenol. 2018;210(4):715-719.

	38.	 Mitsuba  N, Kurisu  S, Kato  Y, et  al. Adrenal venous sam-
pling by using gadopentetate dimeglumine in patients with 
contraindications for iodinated contrast agents. Int J Cardiol. 
2012;157(2):e23-e25.

	39.	 Caridi JG, Hawkins IF Jr. CO2 digital subtraction angiography: 
potential complications and their prevention. J Vasc Interv 
Radiol. 1997;8(3):383-391.

	40.	 Gummow BM, Scheys JO, Cancelli VR, Hammer GD. Reciprocal 
regulation of a glucocorticoid receptor-steroidogenic factor-1 
transcription complex on the Dax-1 promoter by glucocortic-
oids and adrenocorticotropic hormone in the adrenal cortex. 
Mol Endocrinol. 2006;20(11):2711-2723.

	41.	 Bornstein SR, Allolio B, Arlt W, et al. Diagnosis and treatment of 
primary adrenal insufficiency: an endocrine society clinical prac-
tice guideline. J Clin Endocrinol Metab. 2016;101(2):364-389.

	42.	 El-Farhan N, Pickett A, Ducroq D, et al. Method-specific serum 
cortisol responses to the adrenocorticotrophin test: comparison 
of gas chromatography-mass spectrometry and five automated 
immunoassays. Clin Endocrinol. 2013;78(5):673-680.

	43.	 Rossi  GP, Maiolino  G, Seccia  TM. Adrenal venous sam-
pling: where do we stand? Endocrinol Metab Clin North Am. 
2019;48(4):843-858.

	44.	 Magill  SB, Raff  H, Shaker  JL, et  al. Comparison of adrenal 
vein sampling and computed tomography in the differenti-
ation of primary aldosteronism. J Clin Endocrinol Metab. 
2001;86(3):1066-1071.

	45.	 Espiner  EA, Ross  DG, Yandle  TG, Richards  AM, Hunt  PJ. 
Predicting surgically remedial primary aldosteronism: role of 
adrenal scanning, posture testing, and adrenal vein sampling. J 
Clin Endocrinol Metab. 2003;88(8):3637-3644.

	46.	 Doppman  JL, Gill  JR Jr, Miller  DL, et  al. Distinction be-
tween hyperaldosteronism due to bilateral hyperplasia 
and unilateral aldosteronoma: reliability of CT. Radiology. 
1992;184(3):677-682.

D
ow

nloaded from
 https://academ

ic.oup.com
/jes/article/5/10/bvab122/6319398 by Jacob H

eeren user on 22 June 2022


