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High aldosterone, hypertension and
adrenal adenoma in a 36-year-old
pregnant patient: Is this primary
aldosteronism?

Amanda J Berberich1 , Deborah Penava2, Dongmei Sun1,
Arlene MacDougall3, Andrea Lum4 and Stan Van Uum1

Abstract
A 36-year-old woman presented at 16 weeks’ gestation with severe hypertension. In comparison to the non-pregnant reference normal ranges,

potassium was 3.1-3.9mmol/L, aldosterone 2570-3000 pmol/L (N 250-2885) renin was unsuppressed (24-76.4 ng/L (N1.7–23.9)), with aldosterone to

renin ratios in the reference range. An adrenal MRI scan demonstrated a 1.8� 1.4 cm left adrenal adenoma. Primary aldosteronism was strongly

suspected and surgery considered. However, she was managed conservatively with labetalol and modified-release nifedipine with no obstetric

complications. Post-partum blood pressures remained elevated with normal aldosterone (539 pmol/L), unsuppressed renin (5.2 ng/L) and normal

aldosterone-to-renin ratio (104 (N< 144)). Suspected primary hyperaldosteronism is challenging to investigate and manage in pregnancy. The accepted

screening and confirmatory tests are either contraindicated or not validated in pregnancy. Pregnancy has significant effects on the renin-angiotensin-

aldosterone pathway leading to physiologic elevations in both aldosterone and renin. While primary hyperaldosteronism has been associated with poor

pregnancy outcomes, optimal management in pregnancy is not clearly established.
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Case

A 36-year-old multiparous Caucasian woman Gravida 3, Para 2 pre-

sented to hospital at 16 weeks’ gestation with severe hypertension (BP

180-190/130 mmHg). She had no personal history of hypertension.

She was initially managed with a an infusion of hydralazine with

improvement in her blood pressure to 120–140/80–90mmHg.

Potassium was intermittently low, with values down to 3.1mmol/L

(Table 1). Her body mass index (BMI) was 22.75 kg/m2, she had no

symptoms or risk factors for obstructive sleep apnoea, she was not

taking non-steroidal anti-inflammatory drugs (NSAIDs) or eating

licorice. Her serum magnesium was 0.80 mmol/L. Given her young

age and presentation with severe hypertension prior to 20 weeks’

gestation, workup for secondary causes of hypertension was con-

ducted, with high suspicion for primary hyperaldosteronism given

her hypokalaemia. Serum levels were obtained for aldosterone

and renin as a first screening test, while the patient was on modi-

fied-release nifedipine 30mg twice daily. The aldosterone levels were

significantly elevated, while the renin remained unsuppressed, but the

resulting aldosterone to renin ratio was within the non-pregnant ref-

erence range (Table 1). The progesterone to aldosterone ratio

obtained at 25 weeks’ gestational age was consistent with physiologic

progesterone-induced hyperaldosteronism (Table 1).

Despite the negative plasma-aldosterone renin ratio screening

test, the significant elevation in aldosterone raised concerns about

the reliability of this screening test in pregnancy, prompting imaging

of the adrenal glands. The Magnetic Resonance Imaging (MRI) scan

demonstrated a 1.8� 1.4 cm left adrenal adenoma (Figure 1). The 24-

h urine collection for metanephrines and catecholamines was normal,

excluding pheochromocytoma. The clinical suspicion for Cushing’s

syndrome was low so testing for Cushing’s was not undertaken

during pregnancy.

Despite the lack of biochemical confirmation there was consider-

able debate over whether this presentation represented an

aldosterone-producing adenoma causing hypertension and hypoka-

laemia. Surgical adrenalectomy was even considered given that she
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was nearing the end of her second trimester, traditionally thought to

be the safest time for surgery in pregnancy in terms of both maternal

and fetal complications.1 Ultimately however, given the uncertainty

of the diagnosis and potential surgical risks, a conservative manage-

ment strategy was instituted, with close surveillance, removal from

work and regular fetal growth assessment. Traditional pregnancy

antihypertensive drugs labetalol and modified-release nifedipine

were initiated and she achieved reasonable blood pressure control

and normal potassium levels throughout the remainder of her preg-

nancy, although induction of labour was initiated at 38 weeks’ ges-

tation for rising blood pressures. A healthy baby girl (3.23 kg) was

delivered at term without complications.

Post-partum the mother’s blood pressure remained elevated, but

aldosterone levels returned to normal (539 pmol/L), with a non-

suppressed renin (5.2 ng/L) and a normal aldosterone-to-renin ratio

104 (N< 144)) (Table 1), measured at three weeks post-partum. A

recumbent saline suppression test conducted 19 weeks post-partum

showed borderline suppressibility of aldosterone (830 pmol/L at

baseline to 196 pmol/L post-suppression; normal <140 pmol/L, con-

firmation >280 pmol/L2). Despite the borderline test, the overall

impression was that primary hyperaldosteronism was unlikely given

that she did not meet the screening test cut-off prior to proceeding

with the saline suppression test. A 1 mg dexamethasone suppression

test conducted post-partum, showed normal suppressibility of corti-

sol to 26mmol/L, making Cushing’s syndrome highly unlikely. A

vascular CT was performed post-partum and showed no evidence

of renal artery stenosis. She continues on nifedipine 120mg and is

being managed as essential hypertension.

Discussion

In this patient, the presentation with hypertension and hypokalaemia

during pregnancy and the simultaneous presence of high aldosterone

levels and an adrenal adenoma raised concern for primary hyperhy-

peraldosteronism. In women of childbearing age with hypertension,

7.4% have primary hyperaldosteronism3 and it should be considered

in select patients, especially those with severe or resistant hyperten-

sion, spontaneous hypokalaemia, or those who present at a young

age.2 Aldosterone acts on the mineralocorticoid receptors in the kid-

neys to retain sodium and water and secrete potassium. The main

clinical features associated with primary hyperaldosteronism are

moderate to severe hypertension and possible (present in 9-37% of

cases).2 Adrenal adenomas are the underlying cause of primary

hyperaldosteronism in approximately 35–40% of cases, with the

remaining 60% caused by hyperplasia, which is generally bilateral.4

Presentation in pregnancy is rare with less than 50 cases reported in

the literature, but this causal distribution would be expected to

be similar.5,6

The accepted screening test for primary hyperaldosteronism is the

aldosterone to renin ratio (ARR), with confirmatory tests including a

saline suppression test, captopril challenge or fludrocortisone sup-

pression test, or salt load with 24-h urine aldosterone collection.2

Saline suppression, salt and fludrocortisone tests are rarely performed

in pregnancy due to concerns of exacerbating the physiologic volume

expansion that occurs during gestation, although normal values exist

for the saline suppression test in healthy pregnancy.7 The majority of

antihypertensive medications can also impact the ARR, including

nifedipine, which can falsely lower the ARR, and could potentially

have led to a false-negative test in this patient.8 Medications that have

minimal impact on the ARR include verapamil, hydralazine and

alpha blockers such as prazosin.2 Potassium levels should also ideally

be corrected to 4.0mmol/L or higher prior to testing to avoid false-

negative results.2

Furthermore, pregnancy has significant effects on all components

of the renin-angiotensin-aldosterone pathway. Progesterone,

increases 1000-fold during pregnancy and competitively binds to

aldosterone receptors, which leading to a physiological elevation in

aldosterone in healthy pregnancies.5,9–12 Additionally, the ovaries

and placental tissues secrete renin, further raising renin and aldoste-

rone levels.5,10,12 Estrogen stimulates hepatic angiotensinogen pro-

duction, again leading to down-stream up-regulation of

aldosterone.10 The net effect of the physiologic changes in the

Table 1. Endocrine investigations.

Gestational age:

Kþmmol/L

(N 3.5–5.0)a

(N 3.3–5.0)b

Aldosterone

pmol/L

(N< 1118)a

(N 250–2885)b

Renin

ng/L

(N 1.7–23.9)a,c

Progesterone

nmol/L

(N 0.3–86.0)a

(N 315–1088)d
ARR

(N< 144)a

Aldosterone to

progesterone

ratio

(N 18–80)5

17 Weeks 3.5 2570 30.4 85

18 Weeks 3.1 >2770 76.4 >36

19 Weeks 3.9 3000 40.7 74

25 Weeks 3.8 2690 24 310.0 36.2

3 Weeks PP 4.2 539 5.2 104

ARR: aldosterone renin ratio; PP: post-partum.
aNon-pregnancy reference values.
bSecond trimester reference range.1

cNo established references ranges for plasma renin concentration in pregnancy; normal second trimester plasma renin activity is 7.5–54.0 ng/mL/h.
dThird trimester reference range.1

Figure 1. Within the left adrenal gland there is a 1.8� 1.4 cm
mass which demonstrates signal drop out on the opposed phased
imaging consistent with intracellular lipid content characteristic
of adrenal adenoma. The contralateral right adrenal gland is
unremarkable.
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renin-angiotensin-aldosterone system in pregnancy is a significant

elevation in both aldosterone and renin.

Evaluation of suspected primary hyperaldosteronism in pregnan-

cy can be challenging. However, some clinical features may be useful.

Despite the physiologic elevation of renin in pregnancy, it is usually

still suppressed in pregnant women with primary hyperaldosteronism,

although may be higher than in non-pregnant women with primary

hyperaldosteronism.5,6 Calculating an ARR may still be useful, but

there is an increased risk of false negatives due to the physiologic

elevation of renin in pregnancy.5 Elevated ARR with suppressed

Plasma Renin Activity (PRA) occurs in only 61% of women with

known primary hyperaldosteronism in pregnancy.13

Hypertension and hypokalaemia are unreliable markers of prima-

ry hyperaldosteronism in pregnancy. Blood pressure may worsen or

improve in pregnancy. Improvement is secondary to antagonism of

aldosterone by progesterone at the level of the mineralocorticoid

receptor.5,14 Blood pressure may worsen in certain individuals, who

may have higher baseline aldosterone levels that overcome the com-

petitive inhibition by progesterone.5 Genetic variation in the miner-

alocorticoid receptor may also contribute to the variability in blood

pressure response in pregnancy.6,9,11 Potassium levels down to

3.3mmol/L are within reference range in healthy pregnancy.15

Hypokalaemia may also improve in pregnancy due to the antikaliu-

retic effects of progesterone.5 Proteinuria has been seen in 43% of

women with primary hyperaldosteronism in pregnancy, which can

lead to difficulties in distinguishing it from preeclampsia, which

also presents with hypertension and proteinuria in pregnancy.13

Rare mutations in the mineralocorticoid receptor gene can allow

for potent receptor activation by progesterone as well as aldosterone

and can lead to a presentation of abrupt onset severe hypertension in

pregnancy, and warrant special consideration in this population.16,17

While similar in presentation, these cases can be readily distinguished

from primary hyperaldosteronism as they are characterized by hypo-

reninemic hypohyperaldosteronism.

Riester et al. suggested that calculating a progesterone to aldoste-

rone ratio may be useful as a measure of mineralocorticoid excess in

pregnancy. In normal pregnancy, this ratio increases to between 18

and 80 pmol/L/pmol/L.5 A ratio below 20 was associated with worse

outcomes in one case report and may be more consistent with prima-

ry hyperaldosteronism.5,14 Therefore, a ratio above this number may

portend a favourable pregnancy outcome, and suggest a benign,

physiologic process of progesterone-mediated-hyperhyperaldosteron-

ism.5 However, the clinical data for using this ratio are limited and

establishment of a validated reference range, both during and outside

of pregnancy, as well as more data for its link to outcomes would be

required before it should be used to guide clinical decisions.

Poorly-controlled hypertension in primary hyperaldosteronism

has been associated with poor pregnancy outcomes, including placen-

tal abruption, preterm labour, intrauterine death, fetal distress, end-

organ damage and superimposed preeclampsia.1,18,19 It may also pre-

sent as severe post-partum hypertension due to the loss of competi-

tive progesterone binding to the mineralocorticoid receptor. Optimal

management in pregnancy is not clearly established, although most

experts favour a trial of conservative management of hypertension

and/or hypokalaemia during pregnancy and proceeding to targeted

treatment only if blood pressure remains uncontrolled despite first-

line treatments.5,6 Some authors, however, advocate surgical adrena-

lectomy early in the second trimester in cases of identified adrenal

adenoma due to the risks of significant obstetric complications asso-

ciated with uncontrolled hypertension in later pregnancy.1,18

The use of mineralocorticoid receptor antagonists (MRA), includ-

ing spironolactone and eplerenone, can be considered as these will

directly oppose the action of aldosterone at its renal site of action.

Spironolactone has been associated with feminization in male rats,

and in one reported case of ambiguous genitalia in a male born to a

mother taking spironolactone until 5 weeks’ gestation for polycystic

ovarian syndrome.5 Spironolactone is considered safe for breastfeed-

ing. Eplerenone lacks the antiandrogenic effects of spironolactone,

but has not been widely used in pregnancy, although no adverse

events have been reported to date with accidental or intentional expo-

sure in pregnancy.5,20 Amiloride blocks the renal luminal sodium

channels, the principal site of aldosterone-mediated sodium reabsorp-

tion. It has not been studied in pregnancy, but its use has been

described in one case series, with reasonable blood pressure control,

improvement in hypokalaemia and no safety concerns.21

In the case of an aldosterone-secreting adrenal adenoma, surgical

adrenalectomy can be curative and could be considered in pregnancy

for cases of severe refractory hypertension. Successful adrenalectomy

for primary hyperaldosteronism in pregnancy has been reported in a

handful of case reports,4,18 including a series of five patients who had

improvement in hypertension and no significant adverse outcomes

related to the surgery.1 This is perhaps most safely performed in

the second trimester, which carries the lowest risk for fetal and mater-

nal complications.1 However, in a pooled analysis of nine women

with primary hyperaldosteronism who had laparoscopic adrenalec-

tomy at 14–24 weeks’ gestation, there was considerable morbidity

despite biochemical cure of primary hyperaldosteronism, including

one intrauterine fetal demise at 26 weeks’ gestational age (GA);

and three pre-term deliveries (two at 26 weeks GA and one at 34

weeks GA).13

The adrenal finding described here is likely to represent a non-

functional adenoma, which is present in approximately 1% of the

adult population in this patient’s age range,22 but resulted in consid-

erable uncertainty and possibly unnecessary investigations in this

case. This case highlights the importance of following the correct

sequence of diagnostic evaluation. Securing a biochemical diagnosis

is an essential first step in the diagnosis of primary hyperaldosteron-

ism and should be confirmed prior to proceeding with imaging to

avoid the potential for introducing confounding information. Based

on biochemical testing alone there was no indication to proceed with

adrenal imaging in this case. Furthermore, other diagnostic consid-

erations for secondary hypertension were not fully explored prior to

proceeding with unwarranted imaging, including renal artery imaging

or testing for Cushing’s syndrome with a 24 hour urinary free cortisol

level, which were not completed until after pregnancy. This case

illustrates the potential danger of bypassing steps in diagnostic rea-

soning, where imaging prior to biochemical confirmation nearly led

to an inappropriate adrenalectomy in a pregnant woman.

Conclusion

Significant challenges still exist when managing a patient with

suspected primary hyperaldosteronism in pregnancy. Firstly, a defin-

itive diagnosis of primary hyperaldosteronism is difficult to make in

pregnancy for a number of reasons including the fact that traditional

tests may not be valid, there is significant physiological disruption of

the RAAS during pregnancy and there is heterogeneity of individual

response to pregnancy in patients with primary hyperaldosteronism

that is only partially understood. It should also be noted that adrenal

adenomas are not uncommon (1–5% of the general population), and

that incidental findings of adrenal adenomas are much more likely to

be non-functional than secretory. Given this, following correct diag-

nostic procedures and securing a biochemical confirmation of diag-

nosis prior to imaging should be a high priority. While best

management strategies are not yet fully established, even if biochem-

ical diagnosis is reached, most experts suggest starting with more

conservative treatments, proceeding to imaging only if considering

surgery and to give consideration to the use of MRAs before surgery

with the awareness of the limited safety data available for their use in

pregnancy. Areas of potential further study include establishment of

90 Obstetric Medicine 13(2)



valid pregnancy reference ranges for renin concentration, validation

of the progesterone to aldosterone ratio as a clinical prediction tool

and a more systematic evaluation of the outcomes for available man-

agement options for primary hyperaldosteronism in pregnancy.
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