Reviews in Endocrine and Metabolic Disorders (2023) 24:49-56
https://doi.org/10.1007/s11154-022-09773-2

=

Check for
updates

The diagnosis and management of pheochromocytoma
and paraganglioma during pregnancy

Roderick J. Clifton-Bligh'2

Accepted: 24 November 2022 / Published online: 13 January 2023
© The Author(s) 2023

Abstract

Diagnosis of pheochromocytoma or paraganglioma (PPGL) in pregnancy has been associated historically with high rates of
materno-fetal morbidity and mortality. Recent evidence suggests outcomes are improved by recognition of PPGL before or
during pregnancy and appropriate medical management with alpha-blockade. Whether antepartum surgery (before the third
trimester) is required remains controversial and open to case-based merits. Women with PPGL in pregnancy are more com-
monly delivered by Caesarean section, although vaginal delivery appears to be safe in selected cases. At least some PPGLs
express the luteinizing hormone/chorionic gonadotropin receptor (LHCGR) which may explain their dramatic manifestation
in pregnancy. PPGLs in pregnancy are often associated with heritable syndromes, and genetic counselling and testing should
be offered routinely in this setting. Since optimal outcomes are only achieved by early recognition of PPGL in (or ideally
before) pregnancy, it is incumbent for clinicians to be aware of this diagnosis in a pregnant woman with hypertension occur-
ring before 20 weeks’ gestation, and acute and/or refractory hypertension particularly if paroxysmal and accompanied by
sweating, palpitations and/or headaches. All women with a past history of PPGL and/or heritable PPGL syndrome should

be carefully assessed for the presence of residual or recurrent disease before considering pregnancy.
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1 Introduction

Pheochromocytomas and paragangliomas (PPGLs) are
tumors of the adrenal medulla and paraganglia, respectively,
that often secrete catecholamines leading to hypertensive
crises which may be fatal [1]. Although PPGLs occur rarely
in pregnancy, if unrecognised they can be associated with
a high risk of maternal and/or fetal mortality. Nevertheless,
improvements in medical, obstetric and anaesthetic care over
recent decades has been accompanied by a steady fall in
these bleak odds from around 50% in 1971 [2] to < 10% in
recent times [3-5]. The major challenge remains diagno-
sis of PPGL as a rare but possibly life-threatening cause
of hypertension in pregnancy; when misdiagnosed as pre-
eclampsia, maternal mortality can still be as high as 15% [5].
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Conversely, diagnosis and medical treatment before delivery
is today generally associated with good materno-fetal out-
comes [4, 5].

This review will highlight recent seminal work on PPGL
in pregnancy, focussing on two recent systematic reviews
[4, 5], one of which included 197 additional cases from an
international registry-based study [4].

2 Normal catecholamine physiology
in pregnancy

In healthy pregnant women, plasma and urinary catecho-
lamines do not appear to vary from pre-pregnant normal
ranges [6, 7]. Even in pre-eclampsia, maternal plasma cat-
echolamines levels may only be mildly increased [6]. Cat-
echolamines may rise at the time of parturition [8], and the
tocolytic (contraction suppressing) effect of beta-adrenergic
signalling is sometimes targeted for therapeutic purposes in
threatened pre-term labour [9]. Increased placenta clearance
protects the fetus from cardiovascular and metabolic effects
of stress-mediated catecholamine release [10]. Recent work
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identifies the fetal adrenal medulla as being responsive to
hypoxia [11] and a surge in fetal catecholamines at the time
of birth plays an important role in adaptation to post-natal
life [12].

3 Incidence and clinical features of PPGL
during pregnancy

PPGL in pregnancy is rare. Estimates on the incidence of
PPGLs in pregnancy vary widely between 1/15,000 and
1/300,000 pregnancies [13, 14]; since the prevalence of
hypertension in pregnancy is 3—5% [15], PPGL may there-
fore be expected to be associated with around 1/450-15,000
of all hypertensive pregnancies. Most PPGLs in pregnancy
appear to occur in primiparas [4].

The clinical features of PPGL are similar in pregnancy
to those classically reported outside of pregnancy, includ-
ing paroxysms of sweating, palpitations/tachycardia and
headache (Fig. 1). Hypertension is common (Table 1) and
is the presenting feature in around 20% PPGLs in pregnancy
[5]. Hypertension associated with PPGLs may be sustained,
paroxysmal or both [6]. The natural reluctance to perform
imaging during pregnancy (other than obstetric ultrasounds)
would bias against incidental discovery of PPGLs, now
an otherwise common presentation of PPGLs outside of

1 PRE-PREGNANCY ASSESSMENT
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Fig. 1 Stages in managing PPGL in pregnancy
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pregnancy [16]. Around 30% PPGLs in pregnancy are still
not diagnosed until the post-partum period (Table 1) [4, 5].
Of PPGLs diagnosed during pregnancy, approximately half
are diagnosed in the third trimester (Table 1) [4, 5].

An important barrier to the diagnosis of PPGL in preg-
nancy is distinguishing it from much more common diagno-
ses of gestational hypertension and/or pre-eclampsia [15].
Clues to a diagnosis of PPGL rather than pre-eclampsia
include new-onset hypertension before 20 weeks’ gestation
[15]; paroxysmal hypertension; and orthostatic hypotension,
which can occur in PPGL but almost never in gestational
hypertension [6]. Conversely, PPGL-related hypertension is
generally not associated with ankle edema or an increased
plasma uric acid level, which would otherwise be common
clinical signs in gestational hypertension or preeclampsia [6].

4 Diagnosis of PPGL in pregnancy

Clinical suspicion for PPGL in pregnancy should be fol-
lowed by prompt biochemical testing in the same manner as
for nonpregnant patients, although it should be noted nor-
mal ranges have not been clearly established for pregnant
subjects [6]. Fasting supine plasma normetanephrine, nor-
metanephrine and 3-methoxytyramine are now established
as most accurate for diagnosis of PPGL in non-pregnant
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Table 1 Summary of clinical, biochemical and pathological findings of PPGL in pregnancy from two systematic reviews [4, 5]

Bancos et al. [4] Langton et al. [5]

Method of review Combined international Case reports on PPGL in pregnancy
retrospective multi-center published between 1 January 1988
study based on the newly and 30 June 2019 in English,
founded International- German, Dutch or French

Pheochromocytoma-and-
Pregnancy-Registry of patients
with PPGL and pregnancy
occurring between 1980 and
2019 and a systematic review of
literature conducted on studies
published between January 1st,
2005 to December 27th, 2019.
Case reports/series with <5
patients excluded

Total (patients/pregnancies) 232/249 2007204
Age,y 29 (range 15, 46) 29 (IQR 25-34)
Weeks of gestation (antepartum diagnosis) 24 (range 2, 38) 25.6 (IQR 18, 34)
Symptomatic during pregnancy 83% 90%
Hypertension 77% 72%
History of PPGL, mutation carriers, adrenal mass NR 12%
Diagnosis of PPGL pre-pregnancy 15%
during pregnancy 54% 71%
after pregnancy  31% 22%
post-mortem 7%
Pathology PC 61% 70%
Bilateral PC 8% 9%
PGL 18% 18%
Multiple PGL 5% 3%
Metastatic PPGL 9% NR
Alpha-blockade NR 67%
PPGL surgery During pregnancy 18% 22%
After pregnancy  70% 77%
no surgery ator 12%
Delivery Vaginal 31% 22%
Caesarean section 59% 76%
Catecholamine secretion Total 95% NR
Norepinephrine  44% NR
Epinephrine 39% NR
Dopamine 1% NR
Family history 25% NR
Positive genetic test* 66% 23%
Maternal mortality Total 1.3% 9%
Antepartum 0% 0.7%
Postpartum 4% 29%
Fetal mortality Total 7% 14%
Antenatal 9% 10%
Postnatal 13% 25%

PPGL pheochromocytoma and paraganglioma, PC pheochromocytoma, PGL paraganglioma, afor at time of report

*genetic testing had been performed in 144 patients in [4]; the number of patients who had genetic testing was not reported in [5]
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subjects [17], although 24 h urinary fractionated metane-
phrines and catecholamines are still considered a valid
diagnostic approach [18]. A careful medication history is
required to avoid false-positive results from pharmaco-
dynamic interference, e.g. from tricyclic antidepressants.
Liquid chromatography/tandem mass spectrometry assays
are not subject to analytical interference from drugs such as
methyldopa or labetalol that may otherwise confound liquid
chromatography/electrochemical detection assays [6].

The median size of PPGLs in pregnancy is> 35 cm [4]; at
this size, metanephrine and/or normetanephrine measure-
ments are typically elevated at least twice the upper limit
of normal [17, 19]. For tumors <2 cm, metanephrine and/
or normetanephrine may be just above the reference range
[19]. Evidence suggests the effect of PPGLs on pregnancy
depend upon the magnitude of catecholamine secretion:
catecholamines or metanephrines > tenfold above the upper
limit of normal are associated with adverse materno-fetal
outcomes [4].

Following biochemical confirmation of PPGL, imaging
is best performed by MRI in pregnancy, without gadolinium
[6, 18]. Functional imaging with MIBG or PET is contrain-
dicated in pregnancy [6, 18] but may be appropriate in the
post-partum period particularly if bilateral, multifocal or
metastatic disease is suspected [3]. Unilateral pheochromo-
cytomas account for 60-70% of PPGLs in pregnancy; bilat-
eral pheochromocytomas for 8%; solitary paragangliomas
for 18% and multiple paragangliomas for 2.5-5% (Table 1)
[4, 5]. Diagnosis of metastatic PPGL is rare during preg-
nancy; carefully selected patients with pre-existing meta-
static PPGLs may have successful pregnancies with appro-
priate medical and obstetric care [4].

5 Complications of PPGL in pregnancy

Undiagnosed PPGL increases the risk of maternal and
fetal morbidity and mortality. Even with improved
outcomes reflected in the two most recent systematic
reviews, maternal mortality was 4-9% and fetal mortal-
ity 7-14% (Table 1) [4, 5]. Both studies found mater-
nal and fetal mortality were unequivocally higher with
PPGL diagnosed postpartum than antepartum, including
deaths before delivery could occur; conversely, diagnosis
of PPGL antepartum was associated with very low risk of
maternal mortality (< 1%) and lower risk of fetal mortal-
ity (Table 1) [4, 5]. Notably, in most cases of maternal
death, a history of PPGL symptoms was evident ante-
mortem [5]. Severe maternal morbidity occurs in up to
7% pregnancies complicated by PPGL, including cardiac
failure and neurological events with persistent sequelae
[4]. Cardiovascular events are more likely in the peri-
partum period [6]. Fetal morbidity includes intrauterine
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growth restriction (IUGR) from sustained maternal
hypertension [4-6].

In Bancos et al., factors associated with adverse out-
comes, other than unrecognised diagnosis of PPGL during
pregnancy and markedly elevated catecholamines, included
PPGLs located in the abdomen or pelvis (as opposed to
thoracic or head/neck PGLs) and lack of alpha-blockade
(see below) [4]. Interestingly, neither maternal age nor
tumor size were associated with adverse outcomes in that
study [4].

6 Management of PPGL in pregnancy

Once diagnosed, pregnant women with PPGL should ideally
be managed in expert centres with multidisciplinary access
to high-level obstetric and neonatal care, endocrinologists
and anaesthesiologists experienced in the management of
catecholaminergic crises [20]. There are four components to
managing PPGL in pregnancy: alpha-blockade, PPGL sur-
gery, obstetric care and genetic testing for hereditary PPGL
syndromes (Fig. 1).

6.1 Medical

Adverse consequences to mother and fetus from PPGL
appear to be primarily mediated by markedly elevated cat-
echolamines [4, 5]. Adequate alpha-adrenoceptor blockade
for at least two weeks has been associated with improved
outcomes [4, 21]. The two most used alpha-adrenoceptor
blockers are phenoxybenzamine (non-selective) and doxa-
zosin (alpha-1 selective), without either being clearly supe-
rior to the other to achieve normotension in pregnancy [4,
6]. Phenoxybenzamine might be preferred for patients with
larger tumors and/or higher catecholamine levels [18]. How-
ever, phenoxybenzamine does cross the placenta and may
cause hypotension and respiratory depression in the newborn
[22, 23]. Although doxazosin also crosses the placenta, there
are no reports of adverse events in newborns of mothers
treated with this agent [24]. Breastfeeding appears to be safe
on either agent [6].

Beta-blocking agents can be added in to control tachycar-
dia after adequate alpha-blockade has been achieved (usually
at least a week); the addition of calcium channel blockers
may also be needed in some cases to control resistant hyper-
tension [18]. Achieving adequate control of hypertension in
pregnancy is crucial for maintaining uteroplacental circula-
tion and avoiding ITUGR or fetal demise [25].

Medications which should be avoided in a pregnancy
associated with PPGL include metoclopramide, steroids and
sympathomimetics all of which may trigger sudden cata-
strophic catecholaminergic release and hypertensive crisis
[26].
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6.2 PPGL surgery

Diagnosis of PPGL is usually regarded an indication for
surgical resection, after appropriate alpha-blockade [1].
Timing of such surgery remains controversial for PPGLs
diagnosed in pregnancy. Surgery is often advocated when
PPGL is diagnosed before 24 weeks’ gestation; when PPGL
is not diagnosed until the last trimester, term delivery should
generally occur before tumor resection [6]. In both recent
systematic reviews, more than 2/3 cases had PPGL resection
after pregnancy (Table 1) [4, 5], and neither found a signifi-
cant association between antepartum resection and improved
materno-fetal outcomes [4, 5].

Langton et al. noted twice as many women carried preg-
nancies to term when tumors were resected antepartum
(81%) compared with postpartum (41%); and fetal distress
(measured by Apgar score) was higher when the tumor was
not removed before delivery [5]. Overall, it is generally
accepted timing of surgical resection should be made on a
case-by-case basis [4, 5].

6.3 Obstetric care

In recent reviews, more than 2/3 of pregnancies associated
with PPGLs were delivered by Caesarean section (Table 1)
[4, 5]. There is increasing evidence for successful vaginal
delivery with adequate alpha-blockade in selected cases [4,
5, 27]; an elective epidural and passive second stage may
be prudent to minimise the risk of tumor stimulation from
raised intra-abdominal pressure during maternal pushing
[27]. Caesarean section is still preferred for women with
larger tumors, particularly within the abdomen and pelvis
and with higher catecholamine levels [3, 4]. Timing of deliv-
ery is usually adjudicated on fetal wellbeing and control of
maternal hypertension; the presence of IUGR, decreased
fetal movements, fetal cardiac decelerations and/or labile
maternal blood pressure are considered indications for early
delivery [3].

6.4 Genetics

PPGLs are the most highly heritable of human tumors with
30-40% cases associated with germline pathogenic variants
(GPV) in one of up to 16 genes [1]. Bancos et al. found
that of patients with PPGL in pregnancy who had genetic
testing, 66% had a germline pathogenic variant (GPV) for
hereditary PPGL (Table 1), including 19% in SDHB, 13%
in VHL and 19% in RET [4]. This distribution of GPVs is
broadly comparable to that in PPGL occurring outside of
pregnancy; for instance, in a recent large retrospective cohort
of PPGLs (n=1727) using multigene panel testing, the most
common genetic association was SDHB (11%), followed by
SDHD (5.8%), SDHA (2.8%), VHL (2.1%), SDHC (1.8%),

RET (1%) and MAX (1%) [28]. The higher rate of GPVs in
general, and particularly RET mutations in PPGL in preg-
nancy might be explained by several factors. It is known that
younger subjects with PPGL are more likely to have a GPV;
in pediatric/young adult series, up to 70% of patients have
a GPV in either SDHB or VHL [29]. Additionally, at least
some of these RET affected individuals had a known diagno-
sis of Multiple Endocrine Neoplasia type 2 (MEN2) prior to
pregnancy. Whether RET associated PPGLs are more likely
to declare during pregnancy needs further study; certainly,
several case reports attest to the often-dramatic presentation
of MEN2-related pheochromocytoma in pregnancy [30-35].

From the high rate of hereditary diagnosis, it naturally
follows that all patients with PPGLs in pregnancy should be
offered genetic counselling and testing, ideally on a multi-
gene panel containing at least RET, SDHB, SDHC, SDHD,
SDHA, VHL, TMEM 127 and MAX. A positive finding has
important ramifications for the patient, her child and other
first-degree relatives; gene-specific recommendations for
follow-up are discussed elsewhere [36].

It also follows that all female patients with a known hered-
itary PPGL syndrome should be carefully assessed for tumors
using biochemical testing and cross-sectional imaging at
the time of pregnancy planning [4, 18]. Pre-implantation
genetic diagnosis may also be relevant to discuss with
women at this time [37].

7 Expression of LHCGR
in pheochromocytomas

Although mechanical factors such as tumor compression by
the gravid uterus and/or labor are usually invoked to explain
marked catecholamine release from PPGLs in pregnancy [4],
a new explanation for this phenomenon has been reported
by finding increased expression of the luteinizing hormone/
chorionic gonadotropin receptor (LHCGR) in at least some
PPGLs [38]. The authors reported a case of pheochromo-
cytoma in a pregnant woman presenting with cardiogenic
shock from adrenergic myocarditis at 31 weeks’ gestation;
hypothesising that gestational hormones may have precipi-
tated catecholamine excess, in vitro studies were performed
investigating the effect of estradiol and human chorionic
gonadotropin (hCG) on epinephrine secretion from cultured
cells derived from the patient’s tumor. Finding a striking
stimulation of epinephrine by hCG, tumoral expression of
LHCGR was then confirmed by RT-PCR and immunohis-
tochemistry. LHGCR expression was confirmed in an addi-
tional five of 12 pheochromocytomas, and in silico studies
showed pheochromocytomas and paragangliomas have high
expression levels of LHCG receptor mRNA relative to 32
solid tumor types of The Cancer Genome Atlas cohort [38].
LHCGR expression was also noted to be higher in PPGLs
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of Cluster 2 phenotype [38], which are also known to have
higher expression of PNMT [39]. These findings are consist-
ent with pregnancy unmasking clinically latent PPGLs in at
least some cases via hCG stimulation of tumor growth and
epinephrine release.

It is noteworthy similar illicit LHCGR expression has
been described in adrenal Cushing’s syndrome in pregnancy
[40]; and in aldosterone-producing adenomas presenting in
puberty, pregnancy or menopause, associated with somatic
CTNNBI mutations in combination with GNAII or GNAQ
mutations [41]. It will be interesting to see whether LHCGR
expression is similarly elevated in PPGLs presenting in
puberty or at menopause.

8 Conclusions

Although the outcome of PPGL in pregnancy has improved
in recent decades, it remains a potentially lethal diagnosis for
mother and baby alike if unrecognised. The key to optimal
outcomes is diagnosis of PPGL as the cause of acute onset
of paroxysmal symptoms and/or hypertension. Distinguish-
ing PPGL from gestational hypertension or pre-eclampsia
remains a challenge which at this stage can only be
addressed by clinical education and awareness (Fig. 1). All
women with a previous history of PPGL or hereditary PPGL
syndrome should have careful preconception assessment to
exclude residual or recurrent disease. There should be a low
threshold for measuring plasma or urinary metanephrine
and normetanephrine in a pregnant woman with hyperten-
sion occurring before 20 weeks’ gestation, or acute and/
or refractory hypertension particularly if paroxysmal and
accompanied by sweating, palpitations and/or headaches.
Alpha-blockade should commence once a diagnosis of
PPGL is confirmed. An expert team should consider timing
of PPGL surgery; many still favour resection if diagnosed
before 24 weeks’ gestation, but otherwise surgery should
generally be delayed until the post-partum period. Timing
and manner of delivery should similarly be considered by an
expert team and based upon assessments of fetal wellbeing
and control of maternal hypertension; vaginal delivery may
be appropriate in selected cases, although Caesarean section
is still preferred for many women with larger and/or more
biochemically active tumors. All women diagnosed with
PPGL in pregnancy should be referred for genetic counsel-
ling and testing for hereditary PPGL syndromes.

It is important to note, despite recent outstanding con-
tributions [4, 5] our evidence base for PPGLs in pregnancy
consist of case reports and case series with all the attendant
selection and publication biases these contain. How can we
improve care for women with PPGL in pregnancy? Continu-
ing medical education programs have a role by targeting all
healthcare professionals involved in the care of pregnancy;
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and decision support tools are gaining traction for highlight-
ing the possibility of a rare disease in otherwise common
clinical scenarios (e.g. hypertension in pregnancy) [42].
Patient advocacy is also crucial, particularly in the setting
of a women with prior history of PPGL or hereditary PPGL
syndrome. Without greater awareness of the possibility of
PPGL in pregnancy, materno-fetal outcomes are unlikely to
improve from current levels.

Declarations

Conflict of interest 1 was co-chair of the International Symposium on
Pheochromocytoma, 2022 in Prague. I have no other interests to de-
clare in relation to this article.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lenders JWM, Kerstens MN, Amar L, Prejbisz A, Robledo M,
Taieb D, Pacak K, Crona J, Zelinka T, Mannelli M, Deutschbein
T, Timmers HILM, Castinetti F, Dralle H, Widimsky J, Gimenez-
Roqueplo AP, Eisenhofer G. Genetics, diagnosis, management and
future directions or research of phaeochromocytoma and para-
ganglioma: a position statement and consensus of the Working
Group on Endocrine Hypertension of the European Society of
Hypertension. J Hypertens. 2020;38(8):1443-56.

2. Schenker JG, Chowers I. Pheochromocytoma and pregnancy.
Review of 89 cases. Obstet Gynecol Surv. 1971;26(11):739-47.

3. Biggar MA, Lennard TWIJ. Systematic review of phaeochromo-
cytoma in pregnancy. BrJ Surg. 2013;100(2):182-90.

4. Bancos I, Atkinson E, Eng C, Young WF, Neumann H. International-
pheochromocytoma and pregnancy study group. Maternal and fetal
outcomes in pheochromocytomas and pregnancy: a multi-center ret-
rospective cohort study and systematic review of literature. Lancet
Diabetes Endocrinol 2021;9:13-21.

5. Langton K, Tufton N, Akker S, Deinum J, Eisenhofer G, Timmers
HILM, Spaanderman MEA, Lenders JWM. Pregnancy and phaeo-
chromocytoma/paraganglioma: Clinical clues affecting diagnosis
and outcome — a systematic review. BJOG. 2021;128:1264-72.

6. Lenders JWM, Langton K, Langenhuijsen JF, Eisenhofer G. Phe-
ochromocytoma and pregnancy. Endocrinol Metab Clin N Am.
2019;48:605-17.

7. Peleg D, Munsick RA, Diker D, Goldman JA, Ben-Jonathan N.
Distribution of catecholamines between fetal and maternal com-
partments during human pregnancy with emphasis on L-dopa and
dopamine. J Clin Endocrinol Metab. 1986;62:911-4.

8. Zuspan FP. Urinary excretion of epinephrine and norepinephrine
during pregnancy. J Clin Endocrinol Metab. 1970;30(3):357-60.


http://creativecommons.org/licenses/by/4.0/

Reviews in Endocrine and Metabolic Disorders (2023) 24:49-56

55

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Segal S, Csavoy AN, Datta S. The tocolytic effect of catechola-
mines in the gravid rat uterus. Anesth Analg. 1998;87(4):864-9.

. Stein H, Oyama K, Martinez A, Chappell B, Padbury J. Plasma

epinephrine appareance and clearance rates in fetal and newborn
sheep. Am J Physiol. 1993;265(4 Pt 2):R756-60.

Eckardt L, Prange-Barczynska M, Hodson EJ, Fielding JW, Cheng
X, Lima JDCC, Kurlekar S, Douglas G, Ratcliffe PJ, Bishop T.
Developmental role of PHD2 in the pathogenesis of pseudohypoxic
pheochromocytoma. Endocr Relat Cancer. 2021;28:757-72.
Hillman N, Kallapur SG, Jobe A. Physiology of transition from
intrauterine to extrauterine life. Clin Perinatol. 2012;39:769-83.
Harrington JL, Farley DR, van Heerden JA, et al. Adrenal tumors
and pregnancy. World J Surg. 1999;23:182-6.

Quartermaine G, Lambert K, Rees K, Seed PT, Dhanjal MK,
Knight M, McCance DR, Williamson C. Hormone-secreting
adrenal tumours cause severe hypertension and high rates of poor
pregnancy outcome; a UK obstetric surveillance system study
with case control comparisons. BJOG. 2018;125:719-27.
Chappell LC, Cluver CA, Kingdom J, Tong S. Pre-eclampsia Lan-
cet. 2021;398:341-54.

Al Subhi AR, Boyle V, Elston MS. Systematic review: Incidence
of pheochromocytoma and paraganglioma over 70 years. J Endocr
Soc. 2022;6:bvac105.

Eisenhofer G, Prejbisz A, Peitzsch M, et al. Biochemical diagno-
sis of chromaffin cell tumors in patients at high and low risk of
disease: Plasma versus urinary free or deconjugated O-methylated
catecholamine metabolites. Clin Chem. 2018;64(11):1646-56.
Gruber LM, Young WF, Bancos I. Phaeochromocytoma and
paraganglioma in pregnancy: a new era. Current Cardiol Rep.
2021;23:60.

Eisenhofer G, Lenders JWM, Goldstein DS, Mannelli M,
Csako G, Walther MM, Brouwers FM, Pacak K. Pheochromo-
cytoma catecholamine phenotypes and prediction of tumor size
and location by use of plasma free metanephrines. Clin Chem.
2005;51:735-44.

Pacak K, Taieb D. Phaeochromocytoma and pregnancy: Looking
towards better outcomes, less fear, and valuable recommendations.
Lancet Diabetes Endocrinol. 2021;9:2-3.

Burgess GE 3rd. Alpha blockade and surgical interven-
tion of pheochromocytoma in pregnancy. Obstet Gynecol.
1979;53(2):266-170.

Santeiro ML, Stromquist C, Wyble L. Phenoxybenzamine pla-
cental transfer during the third trimester. Ann Pharmacother.
1996;30(11):1249-51.

Aplin SC, Yee KF, Cole MJ. Neonatal effects of long-
term maternal phenoxybenzamine therapy. Anesthesiology.
2004;100(6):1608-10.

Versmissen J, Koch BC, Roofthooft DW, et al. Doxazosin treat-
ment of phaeochromocytoma during pregnancy: Placental
transfer and disposition in breast milk. Br J Clin Pharmacol.
2016;82(2):568-9.

van der Weerd K, van Noord C, Loeve M, Knapen MFCM,
Visser W, de Herder WW, Franssen G, van der Marel CD,
Feelders RA. Endocrinology in pregnancy: Pheochromocy-
toma in pregnancy: Case series and review of literature. Eur J
Endocrinol. 2017;177:R49-58.

Negro A, Verzicco I, Tedeschi S, Santi R, Palladini B, Calvi
A, Giunta A, Cunzi D, Coghi P, Volpi R, Cabassi A. Unrec-
ognised pheochromocytoma in pregnancy discovered through
metoclopramide-triggered hypertensive emergency. Blood Press.
2021;30:322-6.

Eccles-Smith J, Hopkins S, Conn J, Johnston S, Szabo R, Price
S, Nankervis A. Paraganglioma in pregnancy: a case series and
literature review. Obstet Med. 2022;15:19-24.

Horton C, LaDuca H, Deckman A, Durda K, Jackson M, Richardson
ME, Tian Y, Yussuf A, Jasperson K, Else T. Universal germline

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

panel testing for individuals with pheochromocytoma and paragan-
glioma produces high diagnostic yield. J Clin Endocrinol Metab.
2022;107:e1917-23.

Pamporaki C, Hamplova B, Peitzsch M, Prejbisz A, Beuschlein F,
Timmers HILM, Fassnacht M, Klink B, Lodish M, Stratakis CA,
Huebner A, Fliedner S, Robledo M, Sinnott RO, Januszewicz A,
Pacak K, Eisenhofer G. Characteristics of pediatric vs adult pheo-
chromocytomas and paragangliomas. J Clin Endocrinol Metab.
2017;102(4):1122-32.

Langerman A, Schneider JA, Ward RP. Pheochromocytoma storm
presenting as cardiovascular collapse at term pregnancy. Rev Car-
diovasc Med. 2004;5:226-30.

Kim J, Reutrakul S, Davis DB, Kaplan EL, Refetoff S. Multi-
ple endocrine neoplasia 2A syndrome presenting as peripartum
cardiomyopathy due to catecholamine excess. Eur J Endocrinol.
2004;151:771-7.

Moraca-Kvapilova L, de Coul AO, Merkus JM. Cerebral haem-
orrhage in a pregnant woman with a multiple endocrine neo-
plasia syndrome (type 2A or Sipple's syndrome) Eur J Obstet
Gynecol Reprod Biol 1985;20:257-63.

Wattanachanya L, Bunworasate U, Plengpanich W, Houngngam
N, Buranasupkajorn P, Sunthornyothin S, et al. Bilateral pheo-
chromocytoma during the postpartum period. Arch Gynecol
Obstet. 2009;280:1055-8.

Sarathi V, Bandgar TR, Menon PS, Shah NS. Pheochromo-
cytoma and medullary thyroid carcinoma in a pregnant mul-
tiple endocrine neoplasia-2A patient. Gynecol Endocrinol.
2011;27(8):533-5.

Donatini G, Kraimps JL, Caillard C, Mirallie E, Pierre F, De
Calan L, Hamy A, Larin O, Tovkay O, Cherenko S. Pheochro-
mocytoma diagnosed during pregnancy: Lessons learned from
a series of ten patients. Surg Endosc. 2018;32(9):3890-900.
Favier J, Amar L, Gimenez-Roqueplo AP. Paraganglioma and
phaeochromocytoma: From genetics to personalized medicine.
Nat Rev Endocrinol. 2015;11:101-11.

Wiirgler Hansen A, Sgnderberg Roos LK, Lgssl K, Godballe C,
Mathiesen JS. Preimplantation genetic testing of multiple endocrine
neoplasia type 2A. Front Endocrinol (Lausanne). 2020;11:572151.
Lopez A-G, Duparc C, Renouf S, Machevin E, Le Guillou V,
Sabourin J-C, Defortescu G, Buffet A, Gimenez-Roqueplo A-P,
Dubessy C, Louiset E, Lefebvre H. Expression of LHCGR in
pheochromocytomas unveils an endocrine mechanism connect-
ing pregnancy and epinephrine overproduction. Hypertension.
2022;79:1006-16.

Fishbein L, Wilkerson MD. Chromaffin cell biology: Inferences
from the cancer genome atlas. Cell Tissue Res. 2018;372:339-46.
Younes N, St-Jean M, Bourdea I, Lacroix A. Endogenous Cush-
ing’s syndrome during pregnancy. Rev Endocr Metab Disord.
2022. https://doi.org/10.1007/s11154-022-09731-y.

Zhou J, Azizan EAB, Cabrera CP, Fernandes-Rosa FL, Boulkroun
S, Argentesi G, Cottrell E, Amar L, Wu X, O’Toole S, Goodchild
E, Marker A, Senanayake R, Garg S, Akerstrom T, Backman S,
Jordan S, Polubothu S, Berney DM, Gluck A, Lines KE, Thakker
RV, Tuthill A, Joyce C, Kaski JP, Karet Frankl FE, Metherell LA,
Teo AED, Gurnell M, Parvanta L, Drake WM, Wozniak E, Klinzing
D, Kuan JL, Tiang Z, Gomez Sanchez CE, Hellman P, Foo RSY,
Mein CA, Kinsler VA, Bjorklund P, Storr HL, Zennaro MC, Brown
MJ. Somatic mutations of GNA11 and GNAQ in CTNNB 1-mutant
aldosterone-producing adenomas presenting in puberty, pregnancy
or menopause. Nat Genet. 2021;53:1360-72.

Reel PS, Reel S, van Kralingen JC, Langton K, Lang K, Erlic
Z, Larsen CK, Amar L, Pamporaki C, Mulatero P, Blanchard
A, Kabat M, Robertson S, MacKenzie SM, Taylor AE, Peitzsch
M, Ceccato F, Scaroni C, Reincke M, Kroiss M, Dennedy MC,
Pecori A, Monticone S, Deinum J, Rossi GP, Lenzini L, McClure
JD, Nind T, Riddell A, Stell A, Cole C, Sudano I, Prehn C,

@ Springer


https://doi.org/10.1007/s11154-022-09731-y

56 Reviews in Endocrine and Metabolic Disorders (2023) 24:49-56

Adamski J, Gimenez-Roqueplo AP, Assié G, Arlt W, Beuschlein Publisher's Note Springer Nature remains neutral with regard to
F, Eisenhofer G, Davies E, Zennaro MC, Jefferson E. Machine jurisdictional claims in published maps and institutional affiliations.
learning for classification of hypertension subtypes using multi-

omics: a multi-centre, retrospective, data-driven study. EBio-

Medicine. 2022;84:104276.

@ Springer



	The diagnosis and management of pheochromocytoma and paraganglioma during pregnancy
	Abstract
	1 Introduction
	2 Normal catecholamine physiology in pregnancy
	3 Incidence and clinical features of PPGL during pregnancy
	4 Diagnosis of PPGL in pregnancy
	5 Complications of PPGL in pregnancy
	6 Management of PPGL in pregnancy
	6.1 Medical
	6.2 PPGL surgery
	6.3 Obstetric care
	6.4 Genetics

	7 Expression of LHCGR in pheochromocytomas
	8 Conclusions
	References


