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Abstract

Primary aldosteronism (PA) in pregnancy (PAP) can be a serious condition and is challenging to
diagnose. This study was conceived to help in the diagnosis of PAP and provide suggestions on
management of PAP based on evidences retrieved using a Population, Intervention, Comparison and
Outcome (PICO) search strategy. Based on the changes of aldosterone and renin occurring in normal
pregnancies, we developed a nomogram that will allow to identify PAP cases. Moreover, we found
that published PAP cases fell into 4 main groups differing for management and outcomes: 1) unilateral
medically treated, ii) unilateral surgically treated, iii) bilateral medically treated and iv) familial
forms. Results showed that complications involved 62.2% of pregnant women with non-familial PA
and 18.5% of those with familial hyperaldosteronism type I. Adrenalectomy during pregnancy in
women with PAP did not improve maternal and foetal outcomes, over medical treatment alone.
Moreover, cure of maternal hypertension and mother and baby outcome were better when unilateral
PA was discovered and surgically treated before or after pregnancy. Therefore, fertile women with
arterial hypertension should be screened for PA before pregnancy and, if necessary, subtyped to
identify unilateral forms of PA. This will allow to furnish adequate counselling, a chance for surgical

cure and, therefore, for a pregnancy not complicated by aldosterone excess.

KeyWords: Hypertension; Pregnancy; Primary Hyperaldosteronism; Aldosterone-producing

adenoma; Adrenalectomy during pregnancy.
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Non-standard Abbreviations and Acronyms

ARR: aldosterone-renin ratio

AVS: adrenal venous sampling

BP: blood pressure

C-section: caesarean section

DRC: direct renin concentration

FH: familial hyperaldosteronism

HT: hypertension

ICU: intensive care unit

IUGR: intrauterine growth restriction

MRA: mineralocorticoid receptor antagonist

PA: primary aldosteronism

PAC: plasma aldosterone concentration

PAP: primary aldosteronism in pregnancy
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Introduction

Primary aldosteronism (PA) is a common cause of high blood pressure (BP) !. Most cases are
sporadic; familial forms caused by with germ-line mutations usually resulting in bilateral
adrenocortical hyperplasia are much rarer. PA can often involve young fertile women, > who are
exposed at high risk of complications because of severe hypokalaemia, drug-resistant hypertension

(HT) and preeclampsia/eclampsia.

Currently, the cut-off values of plasma aldosterone concentration (PAC), direct active renin
concentration (DRC) and the aldosterone-renin ratio (ARR) that allow to diagnose PA in pregnancy
(PAP) are uncertain. Moreover, it remains controversial if sporadic unilateral PA discovered during
the 2™ trimester of pregnancy, when HT can become severe and/or drug-resistant, should be treated
medically or surgically. Likewise unsettled is the best management in pregnancy of familial
hyperaldosteronism (FH), except for the most common type 1 (FH-1), for which suggestions have

been recently provided 3.

Since only narrative reviews exist *!2, guidelines for PA ', even the most recent for HT in pregnancy
14 devoted scant, or no, attention to the management of PA in pregnancy (PAP), we herein aimed at
providing an appraisal of normal changes of PAC, DRC, and the ARR during pregnancy, and the
clinical features and management of PAP, moving from a systematic structured search of the
information available in public databases, and from recent data on diagnosis of PA in young patients
15 This search unveiled several findings that can serve as a basis for the diagnosis and management

of this condition.

Methods
We searched the literature for studies that reported the changes of plasma renin activity and PAC
during normal pregnancy. As the direct chemiluminescent assay of active renin (DRC) has replaced

plasma renin activity, we calculated the corresponding DRC values from plasma renin concentration,

and the ARR during each week of pregnancy (as DRC=PRA*0.05269-0.0476) by the ARR-app '°.
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We then determined the 95% confidence interval (CI) of the normal values of PAC, and DRC and
ARR. Details of the structured search of available information are given in the Supplemental

materials (see ‘Complete Methods’ section).

Results

Changes of PAC, renin and ARR during normal pregnancy and diagnosis of PAP

A painstaking study by Wilson et al. !7 depicted the changes in BP values, PAC, and plasma renin
concentration, from the 8" to the 38" week of pregnancy, in a multiethnic cohort of women at a
normal sodium intake (100-150 mEqg/day). It allowed us to determine the normal values of PAC,
DRC, and the ARR and their changes in normal pregnancy (Figure 1) and also to calculate values
exceeding by three-fold the 95% upper (for PAC and ARR) and lower (for DRC) normal confidence
values.

Results showed that PAC increased less than renin; therefore, at least until the 32 week, the ARR
cut-off value suggesting the presence of PAP (because it surpasses by three-fold the 95% CI upper
normal limit) was lower than 20.6 ng/mIU, which is the value identified for the diagnosis of PA 8,
Figure 1 shows a nomogram depicting the range of values (dashed areas) suggestive of PAP for these

variables.

PAP features

We found 618 papers (Figure S1) that contained the terms reported in Table S1. Of them, 36 that
entailed 83 patients (56 cases with sporadic PA and 27 with FH-1) were relevant for this analysis.
The reported PAP cases fell into 4 main groups that differed for management and outcomes (Table
S2): 1) unilateral medically treated, ii) unilateral surgically treated, iii) bilateral medically treated and
iv) familial forms (Table S3). They were analyzed and compared for outcomes with young fertile

women with unilateral PA treated with surgery before or after pregnancy.
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i) Unilateral medically treated PA

31 women with HT presumed to have unilateral PAP based on imaging alone and treated medically
were reported thus far. In 3 unilaterality of the disease was uncertain '°2°, leaving 28 cases for this
analysis. These women mainly received labetalol and/or methyldopa and/or calcium channel blockers
!, The mineralocorticoid receptor antagonist (MRA) eplerenone (50 mg BID), added from the 27"

gestation week, was given only one case. 2! 27 women underwent adrenalectomy after pregnancy,

around 19.5 months after delivery.

61% of pregnancies were complicated; 46% ended prematurely, mostly by urgent caesarean section
(C-section) owing to preeclampsia and foetal distress. 22% of the foetuses had intrauterine growth

restriction (IUGR); 7% of the newborns needed intensive care unit (ICU) (Table 1) and 7% died 2.

After pregnancy, subtyping was suboptimal: only 32% of the patients received adrenal venous
sampling (AVS)-guided surgery. Notwithstanding this, HT was cured in 85% of the women (Figure

S2A). Biochemical cure was claimed in all, but follow-up data were available only in 52% of the

23,24

cases. All cases showed an adenoma, but aldosterone synthase (CYP11B2) expression was

immuno-histochemically confirmed in the tumor only in 2 cases 2>-2°,

ii) Unilateral surgically treated PA during pregnancy
Ten women with unilateral PAP underwent adrenalectomy. The diagnosis was made before
conception in 3, but surgery was not done because pregnancy was discovered before adrenalectomy

could be planned. In 7 cases unilateral PA was only presumed based on magnetic resonance. AVS

27

was performed during pregnancy in one case 27, which ended at 30" week for preeclampsia.

Notwithstanding X-ray exposure, the newborn showed no malformations.

28

Only one of the 10 women, with AVS done before conception <°, showed cure of HT after

adrenalectomy (Figure S2B).
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After adrenalectomy, normalization of the ARR in the 3™ trimester was reported only in another
patient, in whom the high BP values did not normalize and required drug treatment: pregnancy ended
at 30" week with urgent C-section for foetal distress and IUGR 2°.

Immuno-histochemical demonstration of aldosterone synthase (CYP11B2) expression in the tumor
23,24 was performed in one case *°.

6 of the 10 pregnancies were complicated (Table 1) and ended prematurely between the 26 and the
35" week of gestation, mostly by urgent C-section, because of preeclampsia or foetal distress (Figure
S3). Half of the foetuses had IUGR and one third needed ICU stay (Figure S4). The baby death rate
was 20%: in one case due to miscarriage at the 26 gestational week, and in the other to sepsis after
prolonged ICU stay because of significant growth retardation.

After adrenalectomy, the overall rate of HT cure was low (10%) and the number of drugs needed to

control the high BP during the 2™ trimester decreased a from 2.25 to 1.0, but raised again after

delivery (Figure S2B).

iii) Bilateral medically treated PA

15 women were presumed to have bilateral PAP based on imaging, which was diagnosed before
conception in 13 and after pregnancy in 2. Bilaterality was only presumed in 27% of the cases, as
AVS was performed in 11 cases that showed no lateralization.

66.6% of the PAP were complicated by preeclampsia, impaired umbilical artery flow or premature
membrane rupture and ended prematurely, mostly by urgent C-section. The newborn death rate was
13.3% (Table 1): one baby died by miscarriage at the 12" gestational week, another one at the 20'";

35.7% of the foetuses had IUGR.

During gestation the women required medical treatment because of high BP. They received labetalol,

methyldopa, calcium channel blockers (mainly nifedipine or verapamil), but surprisingly no MRA.
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iv) Familial forms

Thus far, 4 types of familial hyperaldosteronism have been identified (for rev. 3!), but only cases of
FH-1 in pregnancy were reported 3. Therefore, recommendations on management in familial forms
can be made only for FH-1 in pregnancy.

FH-1 is an autosomal dominant disorder characterized by HT of different degree and high prevalence
of cardiovascular and cerebrovascular events before age 50 years in pedigrees. Acquisition of the
adrenocorticotropic hormone (ACTH) responsive elements of 11-B hydroxylase (CYP11B1) in a
chimeric gene entailing aldosterone synthase (CYP11B2), as a result of homologous gene
recombination, explains the lowering of high BP values with dexamethasone treatment. As the
management of FH-1 in pregnancy has been recently reviewed 3, we have summarized the key

messages in the Supplemental materials (see ‘FH-1 overview’ section).

Diagnosis of PA before and after pregnancy

Laparoscopic adrenalectomy generally shows the highest rate of HT cure in young women with a
short history of HT *. In women with unilateral PAP adrenalectomized after delivery, the cure rate
was 8.5-fold higher (85% vs 10%) than in women adrenalectomized during pregnancy. This striking
difference could be, at least in part, because the responsible adrenal gland can escape detection during

gestation leading to unnecessary or wrong adrenalectomy, since AVS is unfeasible in pregnancy.

Anti-hypertensive treatment

The choice of medical treatment for PAP stands on anecdotal evidence. MRAs have been rarely used
3% with only 3 cases reported: one in the medically treated group (eplerenone up to 50 mg BID from
the 27" gestation week) 2! and 2 in the surgically treated. In one case eplerenone was up titrated to
200 mg day *; in the other, the dose of spironolactone was 50 mg/day 2’. Noteworthy, the MRA did
not control hypokalemia and the high BP values. One case needed urgent C-section at 35" week and
the others adrenalectomy during pregnancy because of drug-resistant HT. These pregnancies ended

prematurely, despite surgery, at 28" 35 and 30™ 27 week with urgent C-section performed because of
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preeclampsia and [IUGR. The babies needed ICU stay for months after delivery because of significant
growth retardation, and one died of sepsis after 3 months .
These poor outcomes could be accounted for by a greater severity of PA in these cases; however,

studies are needed to clarify if adequately up-titrated MRAs are more beneficial than harmful.

Discussion

In normal pregnancy, the increased production of vasodilatory prostaglandins 3¢ and of progesterone,
which antagonizes aldosterone on the mineralocorticoid receptor, can lower, and even normalize,
high BP during the 1% trimester !”. Due to utero-placental renin production, DRC increases up to
week 32 (Figure 1) and, because of oestrogen-stimulated production of angiotensinogen in the liver,
angiotensin II increases up to almost 4-fold by the 8" week of pregnancy and 7-fold at term !7-%7,
Notwithstanding this, PAC and the ARR increase less !7 (Figure 1); therefore, during gestation the
interpretation of the ARR values should be guided by knowledge of the normal changes that are
shown in Figure 1. At each week of pregnancy, values falling in the dashed area for these variables,
which comprises values three-fold higher (for PAC and ARR) and lower (for DRC) than the 95% CI,
should be regarded as suspicious of PAP with some words of caution. In fact, it is currently unknown

what proportion or plasma renin is of utero-placental origin and what originates from juxtaglomerular

cells, and also if these production sites undergo a similar regulation by volume expansion.

Because of the more prominent increase of renin than PAC, the ARR remains lower than 20.6 ng/mIU
(Figure 1, dotted grey line) until the 32" week of pregnancy. This implies that the diagnosis of PAP
can be concealed if one would apply the standard ARR cut-off values used to identify PA and might
explain why only relatively few cases, likely the most florid ones, were recognized in pregnancy and
why most reported cases were diagnosed late, after the onset of severe and/or resistant-HT and/or
preeclampsia/eclampsia. In a recent Australian study, PAP was diagnosed in 9 women (37.5% with
preeclampsia) among 42 screened over 2 years, by a combination of an ARR > 14.4 ng/mIU and

DRC < 20 mU/l, i.e. an ARR is lower than the usual one (20.6 ng/mIU) and a renin non suppressed.
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88.9% of these PAP women could not be diagnosed with unilateral PA and in other 8 with similarly
elevated ARR the diagnosis, albeit likely, was not confirmed, thus illustrating the challenges of

diagnosis PAP 34,

This survey also unveiled four main categories of PAP that were associated with different mother and
baby outcomes (Table 1). In the medically treated unilateral PAP, even though there were no reported
maternal deaths, 61% of the pregnancies were complicated and the baby death rate was high (7%).
In women with unilateral PAP, who underwent adrenalectomy in pregnancy, the complication rate
was similar (60%), but the baby death rate was around 3-fold higher (Figure 2). Moreover, surgery
in pregnancy cured HT in only 10% of the women, likely because it was performed in the most severe
cases requiring immediate surgery, and also because, being non AVS-guided, it exposed to the risk
of wrong or unnecessary adrenalectomy. Planning and performing surgery before pregnancy could
furnish a much better outcome, as adrenalectomy guided by the information obtained with AVS leads
to biochemical cure in 98% of PA young nonpregnant women %3°, In line with this, when performed
after delivery, adrenalectomy cured HT in 85% and furnished biochemical cure in all the cases that
had follow-up data. However, the latter comprised only a fraction of the women, which testifies the

difficulty of collecting information in these (often) lactating women.

Pharmacologic treatment of PA in pregnancy

The evidence supporting the choice of medical treatment of PAP is anecdotal: only 3 women were
reported to receive MRA, which failed to control hypokalaemia and the high BP values, suggesting
that MRAs are under used and under dosed possibly due to concerns on their safety, because they
cross the placenta and, due to their off-target actions on the androgen receptor, theoretically could
affect genital differentiation in male foetuses. As the latter is complete by weeks 12" to 14, MRAs
are probably safe in the second half of gestation, i.e. when their administration is most useful and
needed. When MRAs were used during all trimesters in pregnant women with Bartter’s

(spironolactone up to 400 mg #°) and Gitelman’s syndrome !, two channelopathies with marked
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secondary aldosteronism and severe hypokalemia, no signal for feminization and genital ambiguity

was seen. Likewise, no male feminization was seen in two babies from women with PAP treated

21,35 2

with eplerenone , which has less oestrogen-like effects than spironolactone *>. To date, clinical
experience with newer MRAs, as aparexone, exarenone and finerenone, lacks; however, the latter has

been found to reduce placental weight and induce signs of embryo-foetal toxicity in in rats 43,

Labetalol, methyldopa, calcium channel blockers are approved for HT in pregnancy and were used
in bilateral PA !, where unilateral adrenalectomy shows inconsistent benefits 4. However, since in
two-thirds of the women with bilateral PA, pregnancy was complicated notwithstanding medical

treatment, these women should receive counselling on their increased risk with pregnancy.

FH-1 women have a relatively benign course during pregnancy, as discussed elsewhere *. Most of
them (75%) did not need anti-hypertensive treatment; others were treated pharmacologically. In our
experience in one case, where dexamethasone was restarted from the second half of gestation to
control BP and potassium levels %°, no negative effects on birth weight and baby hypothalamic-
pituitary axis development were reported (see ‘FH-1 overview’ section in the Supplemental
materials). In another woman, who was recently diagnosed with FH-1 20 years after pregnancy, no

complications occurred in spite of no treatment (Prof Rossi personal communication).

Do women with PAP carry a higher risk for complications than pregnant women with essential
hypertension?

This question cannot be answered conclusively because secondary forms of HT are not systematically
excluded in young fertile women. Therefore, since it remains uncertain whether HT is essential or
not in most of the studies conducted in pregnancy 46, a meaningful comparison in terms of outcomes
between PA and essential HT women was precluded.

Considering that: i) the complication rate generally raises with increasing BP levels #7; ii) a large
randomized clinical trial of women with mild chronic HT showed better pregnancy outcomes by

targeting a blood pressure of < 140/90 mmHg than by reserving treatment only for severe
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hypertension *; iii) women with PAP show substantial increase of high BP values; iv) over 20% of
them can become resistant to treatment in the 3" trimester, the conclusion is offered that women with
PAP are at higher risk of complications. In line with this contention, in 211 women, where a
secondary form of HT was excluded before pregnancy #°, the rates of preeclampsia/eclampsia (18%),
preterm delivery (28.9%), IUGR (17.5%) and baby death (3.8%), were all much lower than those

(28.8%, 53.3%, 31.8% and 11%, respectively) recorded in women with sporadic PAP (Figure 3).

Limitations of the study

This review has an intrinsic limitation due to the fact that only 83 women with PAP were reported
thus far. Likely, this reflects two facts: 1) the underdiagnosis of PA in young fertile women in general
and even more so during pregnancy for the reasons discussed above; ii) a publication bias as

investigators cared to report only the most severe cases.

Conclusions
Available evidence indicates that undetected PAP is a severe condition, requiring close monitoring

of BP and serum potassium levels, particularly during the second half of pregnancy.

The following recommendations for the management of women with PAP seem, therefore, reasonable
(Figure 4): all fertile women with arterial hypertension, who consider a pregnancy, should be screened
for PA. Detection of a raised ARR should be followed by subtyping with AVS, because an imaging-
only strategy based on magnetic resonance overlooks unilateral surgically curable PA in over 47% of
the women younger than 45 years of age *°, and also because X-rays exposure, and thus AVS *, is
not feasible in pregnancy. The ultimate goal of this strategy is to detect and treat surgically curable
unilateral PA before pregnancy. It should be mentioned that the AVIS-2 Young study showed an
accurate identification of the culprit adrenal gland, thus permitting adrenalectomy without performing
AVS in young PA patients in the presence of hypokalemia concurrent with a unilateral adrenal
nodules > 5 mm in size and a normal contralateral adrenal gland. Unfortunately, such criteria apply

to only 32% of the women aged 45 years or younger ',
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At variance with non-pregnant women with unilateral PA, in whom removal of the responsible
adrenal is the treatment of choice, the limited available evidence suggests that adrenalectomy
performed during the 2™ trimester in women with a suspected unilateral adenoma did not improve
and even worsened maternal and foetal outcomes compared to medical treatment alone. These

findings reinforce the proposition that PA should be identified and resolved before conception.

Women with the surgically incurable bilateral PA should be warned about the risk of a further
pregnancy and should receive a selective MRA, as part of their therapy, during the second half of

pregnancy, a stage when the risk of feminization is negligible.

Finally, women who have a strong family history of HT and/or stroke at young age should be screened
for the chimeric gene of FH-1 and, if positive, treated with low dose dexamethasone, which

effectively controls high BP, as discussed in depth elsewhere .
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Tables and Figures Legends

Figure 1: Changes in plasma aldosterone concentration (PAC, ng/dl), direct active renin concentration
(DRC, mIU/1), and aldosterone-renin ratio (ARR, ng/mIU) from the 8" to the 38™ gestational week
in a multiethnic cohort of women on a normal sodium intake (100-150 Na" mEq/day) during normal
pregnancy. Values were re-elaborated with the ARR-app !¢ from Wilson et al. !”. The square symbols
show mean and 95% confidence interval. The grey circles and lines indicate values three-fold higher
(for PAC and ARR) or lower (for DRC) than the 95% confidence interval. The dashed areas indicate
values that should raise the suspicion of PAP. Please note that as the spread of the values increased
toward the end of pregnancy, the dashed areas narrowed. Please also note that up to the 32"
gestational week the proposed ARR cut-offs are lower than the 20.6 ng/mIU (identified here by the

horizontal line) used to identify PA before and after pregnancy '®.

Abbreviations: ARR: aldosterone-renin ratio; DRC: direct renin concentration; n. pat.: number of

patients; PAC: plasma aldosterone concentration.

Figure 2: Maternal and foetal complications rate in pregnancy in women with unilateral medically
treated PA, unilateral surgically treated PA during pregnancy, bilateral medically treated PA and
FH-1. The overall rate of complications was compared with Chi-square test. For comparisons

between groups on overall complications see Table SS5.
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Abbreviations: C-section: caesarean section; [UGR: intrauterine growth restriction; n: number.

Figure 3: Maternal and foetal complications rate in pregnancy in women with sporadic PA vs

essential hypertension #°. For comparisons between groups on overall complications see Table S6.
Abbreviations: EH: essential hypertension; [IUGR: intrauterine growth restriction.

Figure 4: Proposed algorithm for the screening and management of women with hypertension and

possible hyperaldosteronism.
* Corresponding values are 26 (ng/mL)/(mg/mL/hour). For conversion use the ARR-app '°.

Abbreviations: ARR: aldosterone-renin ratio; AVS: adrenal venous sampling; BP: blood pressure;
FH-1: familial hyperaldosteronism type 1; HT: hypertension; MRA: mineralocorticoid receptor

antagonist; PA: primary aldosteronism.

Table 1: Characteristics of the women with PAP and results of the analysis of the cases reported from

1990 to 2021. For extended version of this table see Table S4.

Abbreviations: ARR: aldosterone-renin ratio; AVS: adrenal venous sampling; BP: blood pressure; C
section: caesarean section; CT: computed tomography; dexa.: dexamethasone; FH-1: familial
hyperaldosteronism type 1; HT: hypertension; ICU: intensive care unit; [UFD: intrauterine foetal
death; IUGR: intrauterine growth restriction; LA: laparoscopic adrenalectomy; MR: magnetic
resonance; MRA: mineralocorticoid receptor antagonist; n: number; N/A: not available; NA: not
applicable; PA: primary aldosteronism; PE: preeclampsia; pregn.: pregnancy; SGA: small for

gestational age; tr.: trimester; US: ultrasound; w.: gestational week.
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Table 1:
N. of Mean  Previous pregnancies HT discover PA diagnosis Adrenalectomy  AVS Histological HT cure after
cases age (timing and BP increase in (timing) (timing) guided confirmation adrenalectomy
(ys) pregnancy) (n) (clinically /
biochemically)
Unilateral 28 30.7 7/28 12 before pregnancy 1 before conception (AVS 27/28 after 9/28 27/27 23/27 (85%) /
medically (2/7 complicated) confirmed) pregnancy (19.5 (32%) (100%) 14/14 (100%)
treated PA 14 during pregnancy > BP increase months after
during 2" trimester (mean 20.8 w, 3 during pregnancy delivery)
ranging from 8 to 35 w) (one woman is
24 after pregnancy waiting for
2 in the first weeks after delivery (8 AVS confirmed) surgery)
Unilateral 10 27.7 4/10 8 before pregnancy 3 before conception 10/10 2/10 10/10 1/10 (10%) /
surgically (4/4 complicated) during 2"d (20%) (100%) 1/1 (100%)
treated PA 2 during pregnancy -> BP increase 7 during pregnancy trimester (range
during around 11-12 w (in Shiraishi et al. case 27 14-26 w)
pregnancy ACTH-stimulated AVS was
performed during pregnancy
before 24" w)
Bilateral 15 30.7 3/7 15 before pregnancy - BP increase 13 before conception 0/7 11/15 NA NA
medically 2/3 mainly during the 2" — 3% trimester (9 AVS confirmed) (73%)
treated PA complicated) (mean 24 w)
(unknown for 8 women) 2 after pregnancy (both AVS
confirmed)
FH-1 27 26.2 12/27 most of the cases before = generally most of the cases before 0/27 NA NA NA
(not known if good BP control during pregnancy pregnancy
complicated) without medications

(continued...)
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Mean n. of Mean n. Mean n. Mean n. Mean n. Mean n. MRA Delivery Complicated C- Foetal mortality IUGR  Newborn
anti-HT of anti-HT of anti-HT of anti-HT of anti-HT of anti-HT use (preterm pregnancies section ICU stay
drugs drugs 1%t drugs 24 drugs 24 drugs 3rd drugs at -
before trimester trimester trimester trimester follow-up miscarriage)
pregnancy after LA after LA
Unilateral 1 0.67 1.27 NA 1.44 0.37 1/28 13/28 17/28 17/27 2/28 6/27 2/27
medically (data nomale  (46.4%) (60.7%) (63%) (7%) 22%)  (7.4%)
treated PA available for foetus (mean 34.5 w) (8 cases by PE, 4 by (14/17 (1 miscarriage at
4 women) feminiza = --- foetal distress, 2 by urgent) 10 w; 1 baby
tion 1/28 (3.6%) premature membrane died after 3
(at 10 w) rupture, 1 by HELLP months ICU stay
syndrome, 1 by abruptio after urgent C-
placentae, 1 by herpes section at 27 w
genitalis, 1 by breech for PE)
presentation, 1 by
miscarriage)
Unilateral 1.5 1.50 2.25 1.00 1.00 2 2/10 6/10 (60%) 6/10 6/9 2/10 5/10 3/9
surgically (data (at least 6 no male (mean 33.9 w) (60%) (66.7%) (20%) (50%)  (33.3%)
treated PA available for ~ women foetus --- (3 cases by PE, 2 by (4/6 (1 miscarriage at
during 5 women) over 10 feminiza  1/10 (10%) impaired umbilical artery ~ urgent) the 26
pregnancy needed a tion (at 26" w for flow with foetal distress, gestational w; 1
drug) failure in 1 by miscarriage) baby died after 3
placenta blood months ICU stay
flow) for sepsis after
urgent C-section
at 28 w for PE)
Bilateral 1 0.4 1.3 NA 0.8 NA 0/15 10/15 10/15 11/14 2/15 5/14 2/14
medically (6 women (data (data (66.6%) (66.6%) (78.6%)  (13.3%) (35.7 (14.3%)
treated PA over 7 available available (mean 33.3 w) (5 cases by PE, 2 by (7/11 (one miscarriage %)
needed at for 5 for 5 - impaired umbilical artery ~ urgent) at the 12th and
least 1 drug, women) women) 2/15 (13.3%) flow, 2 by miscarriage, 1 one at the 20th
1 no drugs) (at 12 and at by premature membrane w)
20t w) rupture and antepartum
hemorrhage)
FH-1 1 0.1 0.04 NA 0.18 NA 0/27 2/19 5/27 7/27 0/27 0/27 N/A
(data were (3 cases (10.5%) (18.5%) (26%) (0%) (0%)
available took K™~ --- (1PE, 1 (4/7
only for sparing 0/27 chorioamnionitis, 1 urgent)
half diuretics  (0%) failure of placental
patients) not separation, 2 consistent
better blood loss during
defined) delivery)
Non- 29/53 33/53 34/50 6/53 16/51 7/50
familial PA (54.7%) (62.2%) (68%) (11.3%) (31.4 (14%)
(excluding (PE 16 cases: 30.2%) %)

FH-1 cases) 4/53 (7.5%)
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Figure 4.
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Supplemental text

Complete Methods

We searched the PubMed and EuropePMC databases using a Population, Intervention, Comparison
and Outcome (PICO) strategy >! (Table S1) and the Preferred Reporting Items for Systematic reviews
and Meta-Analyses Statement (PRISMA) method *2. The following boolean operators [‘Primary
aldosteronism’ OR ‘Hyperaldosteronism’] AND [‘Pregnancy’ OR ‘Pregnant’] (Table S1) were used
to identify available information on management of PA in pregnancy (Figure S1). Table S2 provides
comprehensive data on the key information that were extracted from the retrieved papers.

FH-1 overview

In FH-1, BP values fell during the 1% trimester along with the generally modest increase of
aldosterone production, the antagonist action of progesterone on the mineralocorticoid receptor >* and
the prostaglandin-induced resistance to angiotensin IT 6.

Immediate withdrawal of dexamethasone in those, who become pregnant, is advised, followed by
careful monitoring of BP values and serum K levels during the 1% and 2™ trimester 3, when both
PAC and BP values rose. Very low- to low-dose dexamethasone can be used in these women if BP
rises during the 2" and/or the 3™ trimester, with dose titration to normalize high BP, PAC, renin and
serum K" levels. Our preference goes to dexamethasone, which potently suppresses the ACTH drive
on the chimeric gene, and proved to be safe for both the mother and the baby in a recent case *°.

Foetal outcomes in medically treated PA women: unilateral vs bilateral forms

In medically treated women with unilateral PA, foetal mortality rate (7% vs 13.3%) and IUGR rate
(22% vs 35.7%) were half as common as in women with bilateral PA (Table 1). The rate of
miscarriage rate was much lower in unilateral than in bilateral forms (3.6% vs 13.3%). However, in
both conditions, a high proportion of preterm delivery occurred (46.4% vs 66.6%). The worse
outcome seen in bilateral than in unilateral forms is not explained by treatment differences and, more
likely, probably reflects the greater severity of the disease as both cohorts were similarly treated
pharmacologically.

Foetal outcomes in unilateral PA forms: medical vs surgical treatment during pregnancy

In patients with unilateral PA, foetal outcomes were better in medically treated than in surgically
treated women: the rate of baby death (7% vs 20%), IUGR (22% vs 50%) and of miscarriage (3.6%
vs 10%) were lower (Table 1 and Figure 2). However, preterm delivery occurred in a high rate (46.4%
vs 60%) in both treatment groups.
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Characteristics of medically treated women with PAP: complicated vs non-complicated
pregnancies

The complication rate of medically treated women with unilateral or bilateral PAP was 63%.
Compared to non-complicated women, women with complications had a history of prior complicated
pregnancies two-fold higher (13.6% vs 7%); their HT was diagnosed at a slightly younger age (26 vs
28.4 years old) and the BP increase occurred earlier during pregnancy (24.9 vs 30 week). Age (30.7
vs 30.8 years age) and the average number of anti-hypertensive drugs taken before conception (around
1 drug) were identical, but during pregnancy the mean number of anti-hypertensive drugs was three-
fold higher in complicated than in non-complicated women (1.48 vs 0.54). Thus, on the whole,
complicated cases seem to show a more severe form of HT than uncomplicated women.

Subsequent pregnancies

Reported PAP cases provided scant or no information and/or conflicting data on subsequent
pregnancies. In 3 women, who were adrenalectomized after gestation a second pregnancy after some
years was uncomplicated #>-%; in another woman, who was not cured by adrenalectomy during
gestation, but showed good control of high BP values with 3 antihypertensive agents, a new
pregnancy was complicated by preeclampsia that required an emergency C-section *°. In three
women with bilateral PA, a new pregnancy was complicated: two women developed preeclampsia
8:54; the third required C-section .
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Supplemental Tables and Figures

Table S1: PICO strategy applied for the research of clinical cases of patients with PA during pregnancy (articles from
1990 to 2021).

Description

Population [Primary aldosteronism OR hyperaldosteronism] AND [Pregnancy OR pregnant]

Intervention | Surgical OR Medical treatment

Comparison Surgically vs Medically treated Primary aldosteronism

Outcome Maternal outcomes (hypertension cure, complications, etc), foetal outcomes (survival,
weight, ICU stay, etc)

Table S2: Parameters considered for the analysis.

Parameters considered

Maternal features Ethnicity

Maternal age

Previous pregnancies

Comorbidities

HT diagnosis (timing)

PA identification (timing and diagnostic approach)

Pregnancy course Complicated pregnancies rate

and complications Miscarriage

Preeclampsia (new-onset hypertension [blood pressure > 140/90 mmHg] plus new
unexplained proteinuria [> 300 mg/24 hours or a urine protein/creatinine ratio of > 0.3]
after 20 weeks)

Eclampsia (unexplained generalized seizures in patients with preeclampsia)

Preterm delivery (before 37" gestational week)

Delivery week

C-section rate, urgent C-section rate

Maternal outcomes | BP before, during, and after pregnancy

Biochemical values before, during, and after pregnancy (direct renin, aldosterone,
serum potassium, others)

Drugs treatment before, during, and after pregnancy (HT drugs and potassium
supplementation; use of MRA in pregnancy)

Surgical therapy with adrenalectomy (timing and approach)

Histological confirmation

HT cure after adrenalectomy (clinically / biochemically)

Foetal outcomes Survival rate

Weight at birth and weight centile
IUGR rate

ICU stay

Permanent disability

Abbreviations: BP: blood pressure; C-section: caesarean section; HT: hypertension; ICU: intensive care unit; IUGR: intrauterine growth
restriction; MRA: mineralocorticoid receptor antagonist; PA: primary aldosteronism.



Table S3: Cases available in the literature (from 1990 to 2021) of patients affected by PA who underwent a pregnancy: treatment, BP control and outcomes.
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N.of | References Diagnosis Anti-hypertensive treatment during | HT discovery timing and blood | Delivery FH-1 Baby outcome
cases confirmation pregnancy pressure course testing
Unilateral 31 1) Zelinka et al 1) CT scan after 1) No therapy 1) HT found at the 4" month of 1) C section at 1) N/A | 1) normal
medically 2020 (case 1) > delivery 2) No therapy pregnancy and defined as term (40 w) 2) N/A | 2) female
treated PA 2) Zelinka et al 2) CT scan 3 years 3) No therapy until end of gestation, white-coat HT; APA 2) Spontaneous 3) N/A neonate
2020 (case 2) > later when methyldopa was started diagnosed after delivery delivery with 4) N/A weight 5-10"
3) Zelinka et al 3) CT scan 12 years with poor effect 2) BP increase at the end of induction (40 5) N/A centile
2020 (case 3) > later 4) No therapy until 3™ trimester, gestation; APA diagnosed 3 w); [IUGR 6) N/A | 3) normal
4) Zelinka et al 4) CT scan 3 years when methyldopa was started years after delivery 3) C section for 7) N/A | 4) normal
2020 (case 4) > later with poor effect 3) BP increase at 35 w; APA uncontrolled 8) N/A | 5) male neonate
5) Zelinka et al 5) CT scan 1 year 5) She started therapy from 1% diagnosed 12 years after HTand PE (36 | 9) N/A weight 15-
2020 (case 5) > later trimester; at 27 w new BP delivery w) 10) N/A 20" centile
6) Zelinka et al 6) CT scan 1 year increase not responsive to 4) BP normalization in the 1% 4) Spontaneous 11) N/A | 6) normal
2020 (case 6) > later nitroprussiate trimester which allowed delivery (40 w) | 12) N/A | 7) normal
7) Zelinka et al 7) CT scan 6 months | 6) Monotherapy drugs cessation; then, BP 5) C section for 13) N/A | 8) normal
2020 (case 7) > later 7) Methyldopa was started during increase in the 3™ trimester PE and foetal 14) N/A | 9) male neonate
8) Zelinka et al 8) CT scanand AVS pregnancy with poor control despite hypoxia (27 w) | 15) N/A weight 10-
2020 (case 8) > 1 year later 8) N/A methyldopa; APA diagnosed | 6) Spontaneous 16) N/A 25 centile
9) Zelinka et al 9) CT scan 3 years 9) Amlodipine 3 years later delivery with 17) N/A | 10) male neonate
2020 (case 9) > later 10) Escalating antihypertensive 5) HT found at 1* trimester; BP induction for 18) N/A < 5% centile
10) Zelinka et al 10) CT scan and AVS treatment (higher doses of alpha- increase at 27 w despite PE (39 w) 19) N/A | 11) normal
2020 (case 10) 9 months later methyldopa and metoprolol) therapy, associated with PE; 7) C section for 20) N/A | 12) female
4 11) CT scan and AVS | 11) No therapy APA diagnosed 1 year later breech 21) N/A neonate < 5%
11) Zelinka et al 1 year later 12) Increasing number and doses of 6) BP improvement during 1% presentation (40 | 22) N/A centile
2020 (case 11) 12) CT scan 6 months antihypertensives trimester; BP increase in the W) 23) N/A | 13) normal
4 later 13) No therapy 3 trimester, complicated by | 8) Spontaneous 24) N/A | 14) normal
12) Zelinka et al 13) CT scan and AVS | 14) No therapy PE; APA diagnosed 1 year delivery (40 w) | 25) N/A | 15) neonate
2020 (case 12) after delivery 15) Nicardipine 100 mg/d and after delivery 9) C section for 26) N/A weight 2nd
4 14) CT scan after labetalol 200 mg/d 7) HT found in pregnancy; BP premature 27) N/A centile,
13) Zelinka et al delivery (surgical | 16) Nifedipine 90 mg extended normalized after delivery; membrane 28) N/A followed by 5
2020 (case 13) workup ongoing) release and labetalol 1200 APA diagnosed 6 months rupture (36 w) 29) N/A months stay
4 30) N/A in ICU




HYPE/2021/18858 R3 35

14) Piccoli et al.
2020 (case 1) ¥

15) Piccoli et al.
2020 (case 2) ¥

16) August 2019 20

17) Teo et al. 2015
(case 1) %

18) Eguchi et al.
2014 25

19) Cabassi et al.
20122

20) Albiger et al.
2011 3¢

21) Fikri
Benbrahim
2011 22

22) Lu et al. 2009 57

23) Al-ali et al.
2007 8

24) Okawa et al.
20027

25) Matsumoto et
al. 2000 ©

26) Murakami et al.
2000 *°

27) Nezu et al.
2000 (case 1) ©

28) Nezu et al.
2000 (case 2) ©

29) Kreze et al.
1999 ¢!

30) Fujiyama et al.
1999 62

31) Saito et al. 1990
63

15) CT scan after
delivery (no clear
adenoma,
probable
unilateral
hyperplasia;
workup ongoing)

16) CT scan after
delivery

17) CT scan after
delivery

18) AVS confirmed
after delivery

19) MR during
pregnancy, CT
scan after
delivery

20) AVS confirmed
after delivery

21) CT scan and MR
after delivery

22) US scan during
pregnancy, CT
scan after
delivery

23) AVS confirmed
after delivery

24) CT scan and I-
131 iodo-methyl-
norcholesterol
scintigraphy after
delivery

25) AVS confirmed
before pregnancy

mg/d (increasing doses during
pregnancy)

17) Amiloride 15 mg

18) Methyldopa, hydralazine and
nifedipine L with scarce efficacy

19) Nifedipine; at 24 w methyldopa
was added; at 27 w eplerenone 50
mg/d was added, up titrated to
100 mg/d

20) Calcium channel blocker

21) Methyldopa 1500 mg/d

22) Nitroglycerine + nifedipine +
labetalol + furosemide

23) Amiloride 15 mg/d; from 37 w:
amiloride 20 mg/d + methyldopa
1g/d + labetalol

24) Dihydralazine (2 mg/h,
intravenously) and methyldopa
(1000 mg/day, p.o.)

25) Hydralazine chloride 90 mg/d
and nifedipine 40 mg/d since 36
w

26) N/A

27) No therapy

28) No therapy

29) N/A; the patient refused
adrenalectomy proposed during
the 2™ trimester

30) Methyldopa 750 mg/d; at 30 w
switched to hydralazine
intravenously + nifedipine 40
mg/d for uncontrolled HT

3D)N/A

after delivery when BP
increased again

8) N/A

9) HT before pregnancy; BP
increase at the 8™ month of
pregnancy

10) HT before pregnancy;
worsened hypertension,
despite escalating
antihypertensive treatment

11) HT found in pregnancy;
gradual BP increase

12) HT before pregnancy;
worsened HT during 2
trimester

13) Mild gestational hypertension
(BP levels not exceeding
150/90 mmHg)

14) HT found at 25 w; BP not
systematically measured
during pregnancy; PA
diagnosed after delivery

15) HT before pregnancy
(diagnosed in a previous
pregnancy complicated by
PE); poor BP control during
pregnancy; PA diagnosed
after delivery

16) HT before pregnancy; BP not
controlled in the 3™ trimester
despite increasing doses of
nifedipine and labetalol; APA
diagnosed after delivery

10) C section for
foetal hypoxia,
uncontrolled
HT and IUGR
(40 w)

11) C section for
HT (39 w)

12) C section for
PE 31 w)

13) Spontaneous
delivery (40 w)

14) Vaginal
delivery (39 w)

15) C section for
PE, severe
IUGR and
inversion of
umbilical blood
flow (27 w)

16) C section for
PE (32 w)

17) Vaginal
delivery (38 w)

18) C section for
PE (30 w)

19) Delivery for
persistent HT
3B5w)

20) C section for
uncontrolled
HT (36 w)

21) Spontaneous
miscarriage for
persistent HT
(10w)

31) N/A

16) male neonate
weight 5-10™
centile

17) normal

18) SGA

19) male neonate
weight 10-
25 centile,
with no
evidence of
feminization

20) normal

21) spontaneous
miscarriage

22) N/A

23) normal

24) foetal growth
retardation

25) male neonate
weight 2.5-5%
centile

26) N/A

27) N/A

28) N/A

29) deceased at
the 9" day
after delivery
27 w)
(weight N/A)

30) foetal
distress;
female
neonate
weight 50-
75" centile
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26) CT scan after
delivery

27) CT scan and I-
131 iodo-methyl-
norcholesterol
scintigraphy
during dexa.
administration
after delivery

28) CT scan and I-
131 iodo-methyl-
norcholesterol
scintigraphy
during dexa.
administration
after delivery

29) N/A

30) CT scan, MR and
1-131 iodo-
methyl-
norcholesterol
scintigraphy
during dexa.
administration
after delivery

31) CT scan after
delivery

17) HT found at 17 w; BP
increase at 37 w; APA
diagnosed after delivery

18) HT before pregnancy; BP
increase at 24 w; poor BP
control with drugs; APA
diagnosed after delivery

19) HT before pregnancy; BP
increase to 155/110 mmHg at
21 w under nifedipine; APA
suspected during pregnancy

20) HT found at 28 w; well
controlled; APA diagnosed
after delivery

21) HT found at 8 w; poor
control with methyldopa;
APA diagnosed after delivery

22) HT found at 20 w; poor
control with several drugs;
APA suspected during
pregnancy

23) HT found at 17 w; good
control until 37 w; APA
diagnosed after delivery

24) HT before pregnancy; BP
increase at 22 w (180/100
mmHg); despite medical
treatment, BP remained
uncontrolled

25) APA diagnosed before
pregnancy not yet treated; BP
increase at 31 w

26) HT diagnosed before
pregnancy; BP improvement
during pregnancy till

22) Emergency C
section for
HELLP, HT
and placenta
previa (25 w)

23) Vaginal
delivery (38 w)
(moderate PE at
37 w)

24) Elective C
section for
uncontrolled
HT, foetal heart
rate
deceleration
and foetal
growth
restriction (27
w)

25) Abruptio
placentae (38
w)

26) At term

27) N/A

28) N/A

29) C section for
PE 27 w)

30) C section for
acute
pulmonary
edema of the
mother + foetal
distress (31 w)

31) C section for
PE (34 w)

31) N/A
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normotension; APA
diagnosed after delivery

27) Normotensive before and
during pregnancy; BP
increase 1 month post-partum
and consequent APA
diagnosis

28) Normotensive before and
during pregnancy; BP
increase 18 days post-partum
and consequent APA
diagnosis

29) Poor BP control; APA
diagnosed in pregnancy

30) HT found at 24 w;
uncontrolled HT under
treatment, complicated by
pulmonary edema; APA
diagnosed after delivery

31) N/A; APA diagnosed after
delivery

Unilateral
surgically
treated PA
during
pregnancy

10

1) Shekhar et al.
2020 28

2) Gunganah et al.
201533

3) Shiraishi et al.
2014 %7

4) Nursal et al. 2009
29

5) Shigematsu et al.
2009 3°

6) Kosaka et al.
2006 ¢

7) Shalhav et al.
2000 ¢

1)
2)
3)
4)
3)
6)

7)

AVS confirmed
before pregnancy
MR during
pregnancy

MR during
pregnancy

MR during
pregnancy

MR during
pregnancy

MR during
pregnancy

MR during
pregnancy

1)

2)

Hydralazine 50 mg every 8 h and
labetalol 300 + 400 mg from 5 w
when pregnancy was discovered;
for uncontrolled HT, she did
adrenalectomy at 19 w; then, no
need for anti-hypertensive
medications

Anmiloride, methyldopa and
doxazosin from 10 w; for
uncontrolled HT with this
therapy, eplerenone was added at
18 w, starting at 50 mg and
quickly titrating to 200 mg/d in
divided doses; for uncontrolled

1) APA diagnosed before
pregnancy; poor BP control,
solved with adrenalectomy;
after surgery, HT cured

2) HT before pregnancy; BP
increase at 10 w; APA
suspected during pregnancy;
scarce control with therapy
until adrenalectomy; after
surgery, good control with
drugs

3) BP increase from the
beginning of pregnancy;
APA suspected during

1) Preterm
delivery by C
section due to
IUGR (35 w)

2) Urgent C
section for PE
(28 w) (Four
years later,
during her sixth
pregnancy,
despite well-
controlled
hypertension on
three

1)
2)
3)
4)
3)
6)
7)
8)
9)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

10) N/A

1) TUGR

2) male neonate
with
significant
growth
retardation,
but no
evidence of
feminization;
after 3
months of
ICU stay, he
died from
sepsis
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8) Solomon et al.
1996 66
9)Baron et al. 1995
67
10) Aboud et al.
1995 68

8) CT scan before
pregnancy

9) MR during
pregnancy

10) CT scan before
pregnancy

3)

4)

5)

6)

7)

8)

HT at 20 w adrenalectomy was
performed; after that, she
continued with methyldopa and
doxazosin

Spironolactone 50 mg/d,
methyldopa 375-750 mg/d,
nifedipine 20-60 mg/d;
adrenalectomy at 24 w; then,
methyldopa 375-750 mg/d,
nifedipine 20-60 mg/d, doxazosin
2 mg/d

Methyldopa 2000 mg/d;
adrenalectomy at 17 w; BP did
not normalize after
adrenalectomy, so she restarted
methyldopa with good control
N/A; adrenalectomy at 26 w for
hypokalemia

Nifedipine 40 mg/d + hydralazine
90 mg/d then surgery at 17 w for
uncontrolled HT and severe
hypokalemia; after surgery, she
continued with nicardipine 20
mg/d

Amiloride 10 mg/d + nisoldipine
30 mg/d; she did adrenalectomy
at 14 w (to prevent 3" trimester
BP peak); after surgery she
continued with nisoldipine 40
mg/d until 34 w when BP
increased and she was switched
to methyldopa 750 mg/d +
labetalol 100 mg/d

High doses of nifedipine and
nadolol in the 1% trimester;

4)

3)

6)

7)

8)

pregnancy; poor control
during the whole pregnancy,
also after adrenalectomy
HT before pregnancy
complicated by intracranial
hematoma 4 years before;
APA suspected during
pregnancy; BP increase at 19
w to 220/140 mmHg despite
medical treatment; BP did not
normalize after
adrenalectomy, so therapy
was restarted with good
control

HT found at 11 w (168/99
mmHg); APA suspected
during pregnancy

HT before pregnancy; APA
suspected during pregnancy;
BP increase at 14 w; BP
control improved after
surgery but medications were
still required

HT found at 12 w (254/154
mmHg); APA suspected
during pregnancy; BP
increase at 34 w despite
adrenalectomy and drugs
HT before pregnancy (APA
suspected before pregnancy;
she became pregnant before
completion of evaluation);
BP under control until 2"
trimester; after
adrenalectomy, good control

3)

4)

3)
6)

7)

8)

9

antihypertensiv
¢ agents, she
developed pre-
eclampsia and
required an
emergency
cesarean
section to
deliver a
healthy female
infant)

C section for
persistent HT
(30 w)

C section for
foetal distress
(30 w)

C section (38
w)

TUFD (26 w) -
stillborn
Induced
delivery per
persistent HT
(34 w)

C section at
term

Induced
delivery (41 w)
(mild PE)

10) Vaginal

delivery at term

3)

4)

3)
6)

7)
8)
9)

neonate
weight 51
centile

SGA and
foetal
distress;
weight at
birth < 5t
centile; he
needed
respiratory
ventilation
and
developed
pulmonary
infection, but
after 7 weeks
of ICU he
was
discharged
normal
IUGR (21 w)
-->[UFD (26
w) - stillborn
normal
normal
normal

10) normal
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9)

adrenalectomy at 15 w for
uncontrolled HT; after surgery,
anti-hypertensive medication was
withdrawn, with good control;
new BP increase at 36 w that
responded to bed rest

Labetalol 200 mg/d;
adrenalectomy at 17 w; then,
good BP control without
medications

10) Interrupted spironolactone,

enalapril and furosemide at 8 w
when pregnancy was discovered;
no other information was
provided on therapy during
gestation; in the 2" trimester she
did adrenalectomy, that
normalize BP values

without medication until 36
w

9) HT before pregnancy; APA
suspected in pregnancy; BP
increase at 14 w; BP
normalization after surgery

10) APA diagnosed before
pregnancy; normotensive
after adrenalectomy

Bilateral
medically
treated PA

15

1) Vidyasagar et al.

2021 (case 1) 3

2) Vidyasagar et al.

2021 (case 2) 3

3) Vidyasagar et al.

2021 (case 3) 3

4) Vidyasagar et al.

2021 (case 4) 3

5) Vidyasagar et al.

2021 (case 5) 3

6) Vidyasagar et al.

2021 (case 6) 3

7) Vidyasagar et al.

2021 (case 7) 3

8) Vidyasagar et al.

2021 (case 8) 3

D
2)
3)
4)
5)
6)
)

8)

AVS confirmed
before pregnancy
AVS confirmed
before pregnancy
AVS confirmed
before pregnancy
AVS confirmed
before pregnancy
AVS confirmed
before pregnancy
AVS confirmed
before pregnancy
AVS confirmed
before pregnancy
AVS confirmed
before pregnancy

1)
2)
3)
4)
5)
6)
7)
8)
9)

N/A but at least 1 drug, no MRA
N/A but at least 1 drug, no MRA
N/A but at least 1 drug, no MRA
N/A but at least 1 drug, no MRA
N/A but at least 1 drug, no MRA
N/A but at least 1 drug, no MRA
N/A but at least 1 drug, no MRA
N/A but at least 1 drug, no MRA
> 1 antihypertensive drugs

10) Interrupted amiloride 10 mg at 5

w when pregnancy was
discovered; BP remained
controlled without medication

11) Interrupted enalapril and

nifedipine when pregnancy was
discovered, switching to
nifedipine 40 mg and labetalol

1) HT before pregnancy

2) HT before pregnancy

3) HT before pregnancy

4) HT before pregnancy

5) HT before pregnancy

6) HT before pregnancy

7) HT before pregnancy

8) HT before pregnancy

9) HT before pregnancy; BP
increase from the 2
trimester; bilateral PA
diagnosed after pregnancy

10) bilateral PA diagnosed before
pregnancy; normal BP values
during pregnancy off
treatment

1)

2)

3)

4

5)

6)

Miscarriage at
12 w

Urgent C
section before
37 w for PE
Urgent C
section before
37 w for PE
Elective C
section before
37 w for PE
Elective C
section after 37
w

Elective C
section after 37
w

1)
2)
3)
4)
3)
6)
7)
8)
9)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

10) N/A
11) N/A
12) N/A
13) N/A
14) N/A
15) N/A

1) Spontaneous
miscarriage

2) SGA, ICU
stay

3) SGA,ICU
stay

4) normal

5) normal

6) normal

7) normal

8) normal

9) male neonate
weight 5-10™
centile

10) normal

11) growth below
the 10%
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9) Zelinka et al.
2020 (case 14) 3
10) Morton et
al. 2015 (case 1) #
11) Morton et
al. 2015 (case 2) &
12) Morton et
al 2015 (case 3) ®
13) Morton et
al. 2015 (case 5) &
14) Krysiak et
al. 2012 %
15) Ronconi
etal. 2011

9) AVS confirmed
after pregnancy

10) N/A

1) N/A

12) N/A

13) N/A

14) AVS confirmed
before pregnancy

15) AVS confirmed
before pregnancy

600 mg with poor BP control; at
27 w nifedipine was increased to
80 mg a labetalol to 1200 mg

12) Nifedipine 60 mg from 30 w

13) Interrupted amiloride 10 mg at 5
w when pregnancy was
discovered and switched to
labetalol 400 mg/d

14) Methyldopa 750 mg/d; at 20 w
uncontrolled HT despite
administration of methyldopa,
hydralazine, labetalol, diazoxide
and nifedipine

15) Amlodipine dose was reduced
during pregnancy till
discontinuation

11) bilateral PA diagnosed before
pregnancy; BP increase at 27
w despite medications

12) bilateral PA diagnosed before
pregnancy; BP increase at 30
w

13) bilateral PA diagnosed before
pregnancy; BP increase at 30
w

14) HT before pregnancy; good
BP control until 19 w with
methyldopa; at 20 w BP
increase to 200/110 mmHg
and IUGR; bilateral PA
diagnosed after delivery

15) bilateral PA diagnosed before
pregnancy; BP amelioration
during pregnancy that
allowed to discontinue
amlodipine and maintain
good BP control without
medications

7) Vaginal after
37w

8) Vaginal after
37w

9) C section for
PE (33 w)

10) Elective C
section (38 w)

11) Urgent C
section for
absent end-
diastolic flow
and reduced
cerebral flow
(30 w)

12) C section after
an abrupt BP
increase and PE
(36 w) (renal
biopsy, after
delivery,
revealed IgA
nephropathy)

13) Emergency C
section because
of premature
membrane
rupture and
antepartum
hemorrhage
(30 w)

14) IUFD (20 w) --
> stillborn

15) Vaginal
delivery (39 w)

centile;
absent end-
diastolic flow
and reduced
cerebral flow
(30 w)

12) normal

13) normal

14) IUGR;
stillborn (20
W)

15) normal
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FH-1 27 1) Sanga et al. 2020 1) discontinued dexa. 0.50 mg 1) yes
» once pregnancy was known; 2) yes
2) Campino et al. restarted dexa. 0.25 mg o.d. at 3) yes
20157 the end of 2nd trimester 4) yes
3)Hamilton et al. 2) none (discontinued dexa. 0.25 5) yes
2009 7 mg once pregnancy was
4) Mulatero et al. known)
20027 3) none (discontinued verapamil
p
2 ?(%;kgff ctal. once pregnancy was known)

4) not specified

5) 23% required >1
anti-hypertensive
medications: methyldopa
(n=2), potassium-sparing
diuretics (n=3), beta-blockers
(n=2), thiazides (n=5)

Abbreviations: ARR: aldosterone-renin ratio; AVS: adrenal venous sampling; BP: blood pressure; C section: caesarean section; CT: computed tomography; dexa.: dexamethasone; FH-1: familial
hyperaldosteronism type 1; HT: hypertension; ICU: intensive care unit; IUFD: intrauterine foetal death; IUGR: intrauterine growth restriction; LA: laparoscopic adrenalectomy; MR: magnetic resonance;
MRA: mineralocorticoid receptor antagonist; N/A: not available; PA: primary aldosteronism; PE: preeclampsia; SGA: small for gestational age; US: ultrasound; w.: gestational week.
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Table S4: Characteristics of the PA patients who underwent a pregnancy and results of the analysis of the cases reported over 3 decades from 1990 to 2021.

N. of | Ethnicity Mean | Previous HT discover PA diagnosis | Adrenalectomy | AVS guided Histological HT cure after adrenalectomy
cases age pregnancies | (timing and BP | (timing) (timing) (n) confirmation | (clinically / biochemically)
(ys) increase in
pregnancy)
Unilateral | 28 18 caucasic | 30.7 7 women with | 12 before 1 before 27/28 after 9/28 27/27 Clinically:
medically 9 asiatic previous pregnancy (age conception pregnancy (32%) (100%) 23/27
treated PA 1 black pregnancies 26.8 ys) > BP (AVS (mean time after (85%)
(2/7 with increase mainly confirmed) delivery 19.5 e cureq:

. . o 3 cases did not reach the cure **
complicated during the 2™ — months) (the diagnosis of APA was also
pregnancies) 3t trimester 3 during (1 case is AVS-confirmed in 2 of them)

(around 26.9 w) pregnancy waiting for LA despite biochemical cure in all 3
21 women (2™ trimester) | 22) cases; these 3 patients needed 2
primigravida 14 during anti-hypertensive drugs after
pregnancy = BP | 24 after adrenalectomy
incre'flse during pregnancy Biochemically:
2™ trimester (around 18 14/14
(mean 20.8 w, months after (100%)
ranging from 8 to | delivery,
35w) ranging from
1 to 144
2 in the first months)
weeks after (8 AVS
delivery confirmed)
Unilateral 10 5 asiatic 27.7 4 women with | 8 before 3 before 10/10 2/10 10/10 Clinically:
surgically 3 black previous pregnancy (mean | conception (100%) (20%) (100%) 1/10
treated PA 2 caucasic pregnancies age at diagnosis during 2" (in I case (10%) i _
during and they were | 24.1 ys) > BP 7 during trimester (range AVS was (in this case, the diagnosis was
. ) ) done before done through TC, MR scan and
pregnancy complicated increase mainly pregnancy 14-26 w) pregnancy; in AVS before conception )
during the 1% (through MR; Shiraishi et al. Not cured:
6 women trimester in 1 case, also clinical case ?’ 6 showed persistent HT during 3™
primigravida AVS was ACTH- trimester and beyond (1 with HT
2 during performed stimulated responsive to bed rest, 1
pregnancy = BP AVS was complicated by mild PE, 3 with
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increase around during performed HT that needed 1-3 drugs, 1 with
11-12 w pregnancy) during persistent HT where no
pregnancy information about administered
before 24" w) therapy was provided)
2 had no resolution of HT after
pregnancy
Biochemically:
1/1
(100%)
Bilateral 15 15 caucasic | 30.7 3 women with | 15 before 13 before 0/15 11/15 not applicable | not applicable
medically previous pregnancy (mean | conception (0%) (73%)
treated PA pregnancies, 2 | age at diagnosis (at least 9
of them with 26.8 ys) > BP AVS
complications | increase mainly confirmed)
during the 24 —
4 women 3 trimester 2 after
primigravida (mean 24 w) pregnancy
(both AVS
8 unknown confirmed)
FH-1 27 27 caucasic | 26.2 12 women most of the cases most of the 0/27 not applicable | not applicable | not applicable
with previous | before pregnancy | cases before (0%)
pregnancies, - generally gqod pregnancy
1ot known if BP control during
. pregnancy
complicated without
medications
15 women
primigravida

Abbreviations: ARR: aldosterone-renin ratio; AVS:
hyperaldosteronism type 1; HT: hypertension; ICU:

(continued...)

adrenal venous sampling; BP: blood pressure; C section: caesarean section; CT: computed tomography; dexa.: dexamethasone; FH-1: familial
intensive care unit; IUFD: intrauterine foetal death; IUGR: intrauterine growth restriction; LA: laparoscopic adrenalectomy; MR: magnetic resonance;
N/A: not available; PA: primary aldosteronism; PE: preeclampsia; SGA: small for gestational age; US: ultrasound; w.: gestational week.
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Mean n. of | Mean n. Mean n. Mean n. Mean n. Mean n. MRA Delivery Complicated C- Foetal IUGR | Newborn
anti-HT of anti- of anti- of anti- of anti- of anti- use pregnancies section | mortality ICU stay
before HT drugs | HT drugs | HT drugs | HT drugs | HT drugs
pregnancy | 1% pad pad g at follow-
trimester | trimester | trimester | trimester | up after
after LA LA
Unilateral 1 0.67 1.27 not 1.44 0.37 1/28 Preterm 17/28 17/27 2/28 6/27 2/27
medically (data applicable (no 13/28 (60.7%) (63%) (7%) (22%) | (7.4%)
treated PA | available for male (46.4%) (8 cases by PE, 4 by (14/17 (1 miscarriage
4 women: 4 foetus (mean 34.5 foetal distress, 2 by urgent) at 10" w; 1
needed 1 feminiza | w) premature membrane baby died after
drug) tion) rupture, 1 by HELLP 3 months ICU
Miscarriage | syndrome, 1 by abruptio stay after urgent
1/28 (3.6%) | placentae, 1 by herpes C-section at 27
(at 10" w) genitalis, 1 by breech w for PE)
presentation, 1 by
miscarriage)
Unilateral 1.5 1.50 2.25 1.00 1.00 2 2/10 Preterm 6/10 6/9 2/10 5/10 3/9
surgically (data (at least 6 (no 6/10 (60%) | (60%) (66.7%) | (20%) (50%) | (33.3%)
treated PA | @vailable for | women male (mean 33.9 (3 cases by PE, 2 by (4/6 (1 miscarriage
during 5women: 2 | over 10 foetus W) impaired umbilical artery | urgent) at the 26"
needed 3 needed a feminiza flow with foetal distress, gestational w; 1
pregnancy drugs, 2 no drug) tion) Miscarriage | 1 by miscarriage) baby died after
drugs) 1/10 (10%) 3 months ICU
(at 26" w stay for sepsis
for failure in after urgent C-
placenta section at 28 w
blood flow) for PE)
Bilateral 1 0.4 1.3 not 0.8 not 0/15 Preterm 10/15 11/14 2/15 5/14 2/14
medically (6 women (data applicable | (data applicable 10/15 (66.6%) (78.6%) | (13.3%) (35.7 (14.3%)
treated PA | over 7 available available (66.6%) (5 cases by PE, 2 by (711 (one %)
needed at for 5 for 5 (mean 33.3 impaired umbilical artery | urgent) miscarriage at
least 1 drug, | women: 2 VOIS I v flow, 2 by miscarriage, 1 il 125 illl (G
1 no drug; needed 1 iRl 2 . . by premature membrane AT
2 drugs, 2 Miscarriage
others drug, 3 no T 2/15 rupture and antepartum
unknown) | drugs) drug, 2 no (13.3%) hemorrhage)
drugs) (one at the

12" and one
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at the 20t
W)
FH-1 0.1 0.04 not 0.18 not 0/27 Preterm 5/27 7/27 0/27 0/27 N/A
(data were | applicable applicable | (3 cases | 2/19 (18.5%) (26%) (0%) (0%)
available took K- | (10.5%) (1 PE, 1 chorioamnionitis, | (4/7
only for Sparing 1 failure of placental urgent)
half diuretics | Miscarriage separation, 2 consistent
patients) not 0/27 blood 1 s, durin
better (0%) 00d loss during
defined) delivery)
Non- Preterm 28/45 29/43 5/45 14/44 | 5/43
familial PA 24/45 (62.2%) (67.4%) | (11%) (31.8 | (11.6%)
(excluding (53.3%) (PE 13 cases: 28.8%) %0)
FH-1
cases) . .
Miscarriage
3/45 (6.7%)




Table S5: Maternal and foetal complications rate in pregnancy in women with unilateral medically treated PA,
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unilateral surgically treated PA during pregnancy, bilateral medically treated PA and FH-1.

FH-1 Sporadic PA women Two-tailed p value *
Complicated pregnancies yes 5/27 (18.5 %) 33/53 (62.2 %)
(n. over the total n. of 0.0003
pregnancies) no 22/27 (81.5 %) 20/53 (37.8 %)
Bilateral Unilateral medically Two-tailed p value *
medically treated
treated
Complicated pregnancies yes 10/15 (66.6 %) 17/28 (60.7 %)
(n. over the total n. of 0.7523
pregnancies) no 5/15 (33.3 %) 11/28 (39.3 %)
Unilateral Sporadic medically Two-tailed p value *
surgically treated PA
treated in
pregnancy
Complicated pregnancies yes 6/10 (60 %) 27/43 (62.8 %)
(n. over the total n. of 1.0000
pregnancies) no 4/10 (40 %) 16/43 (37.2 %)
Unilateral Unilateral surgically Two-tailed p value *
medically treated in pregnancy
treated
Complicated pregnancies yes 17/28 (60.7 %) 6/10 (60 %)
(n. over the total n. of 1.0000
pregnancies) no 11/28 (39.3 %) 4/10 (40 %)

* Fisher test (calculated with MedCalc Software Ltd. Fisher exact probability calculator. https://www.medcalc.org/calc/fisher.php Version
20.027; accessed May 14, 2022)

Table S6: Maternal and foetal complications rate in pregnancy in women with sporadic PA vs essential hypertension #°.

EH women

Sporadic PA women

Two-tailed p value *

Complicated pregnancies yes 61/211 (28.9 %) 33/53 (62.2 %)
(n. over the total n. of <0.0001
pregnancies) no 150/211 (71.1 %) 20/53 (37.8 %)

* Fisher test (calculated with MedCalc Software Ltd. Fisher exact probability calculator. https://www.medcalc.org/calc/fisher.php Version
20.027; accessed May 14, 2022)
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Figure S1: PRISMA strategy applied for the research of clinical cases of patients with PA during pregnancy (articles
from 1990 to 2021).
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Figure S2:

A) Course of systolic BP (mean + SEM) and number of anti-hypertensive drugs before, during and after pregnancy in
unilateral medically treated PA patients during pregnancy. The last value refers to SBP after adrenalectomy performed
after pregnancy. Please note the fall during the 1% trimester, the progressive increase during the 2" and 3™ and the
fall after surgery. B) Course of systolic BP (mean £ SEM) and number of anti-hypertensive drugs before, during and
after pregnancy in unilateral surgically treated during pregnancy PA patients.

Annotation: the n. of patients indicated on the top of the figures refer to the n. of patient at every timepoint with
available office SBP value (first number) and/or with information about the n. of anti-hypertensive drugs (second
number). The cut-off for normal BP values was set at 130 mmHg, identified here by the blue horizontal line.
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Abbreviations: n: number; SBP: systolic blood pressure.
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Figure S3: Delivery/miscarriage time in unilateral medically treated PA patients, unilateral surgically treated during
pregnancy PA patients and bilateral PA. The cut-off for a preterm delivery was set at 37 gestational week, identified
here by the vertical line.
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w W w Unilateral surgically treated during pregnancy PA
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Figure S4: IUGR rate in unilateral medically treated PA patients, unilateral surgically treated during pregnancy PA
patients and bilateral PA.
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Abbreviations: IUGR: intrauterine growth restriction.



