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Abstract. This review provides a brief clinically relevant 
review of pheochromocytoma in pregnancy, to raise aware‑
ness among doctors in obstetrics and the aim is to serve 
as the first point of reference when confronted by their 
presence. Pheochromocytomas are neuroendocrine, cate‑
cholamine‑secreting tumours. Despite having the highest 
incidence rate among other hormone‑secreting adrenal 
tumours, they remain rare especially when associated with 
pregnancy. The non‑specific presentation of pheochromocy‑
tomas, the difficulties in their diagnosis during pregnancy 
as well as the high maternal and fetal mortality rates associ‑
ated with them, present a challenge. Clinical suspicion and 
meticulous patient history‑taking remain the primary lines 
of defense, while biochemical proof of catecholamine excess 
(or their metabolites) and imaging‑based localisation of the 
tumour are required for diagnosis. Antenatal diagnosis and 
complete localisation of the tumour increase the likelihood 

of successful outcomes for both mother and newborn. 
Magnetic resonance imaging (MRI) remains the method 
of choice during pregnancy without excluding the use of 
ultrasound. Treatment goals should include the avoidance 
of hypertensive crises while maintaining adequate uteropla‑
cental circulation. The target blood pressure is not strictly 
defined but is in line with the general guideline addressing 
chronic hypertension during pregnancy. Antihypertensive 
medications remain the cornerstone in managing pheochro‑
mocytoma. As a first‑line, the α‑adrenergic, nonselective 
antagonist phenoxybenzamine is the most frequently used 
agent, while α1‑selective adrenergic antagonists with or 
without the addition of β‑ or β1‑blockers are also prescribed 
in certain cases, rendering calcium channel blockers as 
‘second‑choice’. Blood‑pressure control of the mother 
and the well‑being of the fetus are determining factors in 
deciding the time of delivery, which is preferably conducted 
by Caesarean section. Excision of the tumour(s) remains 
the final treatment goal. Lifelong biochemical testing is 
required with or without medical treatment, to address 
mineralocorticoid or glucocorticoid deficits. Despite 
ever‑improving positive outcome rates, pheochromocytoma 
associated with pregnancy remains a pathology with high 
mortality and morbidity rates.
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1. Introduction

Pheochromocytomas are neuroendocrine tumours arising 
from chromaffin cells derived from the neural crest. 
Consequently, they are mostly catecholamine‑secreting 
tumours, highly vascular, and usually located in the 
adrenal medulla (1). Tumours of extra‑adrenal origin 
are often referred to as paragangliomas or extra‑adrenal 
pheochromocytomas (2). In this review, we will refer to both 
as pheochromocytoma for the sake of brevity and specify 
when necessary.

In authoring this review, we initially conducted a 
search in Pubmed, UpToDate and ResearchGate using as 
keywords ‘pheochromocytoma’, ‘neuroendocrine tumors’, 
‘paraganglioma’, ‘neurofibromatosis type I’ and ‘preg‑
nancy’ in several combinations of them with a single 
constant: ‘pregnancy’. The time frame selected was between 
January 2000 and September 2020 considering that older 
studies were likely to have been included in the most recent 
ones. Studies that did not concern pheochromocytoma during 
pregnancy as well as studies that were included or referred to 
by more recent studies were excluded. A conscious attempt 
to provide clinically useful information was made‑as much 
as possible‑instead of focusing on details that may confuse 
the reader especially in view of the rarity of this pathology 
encountered in obstetrics.

Despite pheochromocytomas having the highest incidence 
rate among other hormone‑secreting adrenal tumours, they 
remain rare, especially when associated with pregnancy, 
with a reported incidence rate of 0.32 per 100,000 pregnant 
women (3). Approximately 30‑40% are part of a hereditary 
syndrome (germline mutation) (4), 40‑50% are related 
to identifiable somatic mutations (in one or more of the 
20 susceptibility genes identified to date), leaving a quarter of 
them considered as sporadic tumours (5).

2. Diagnosis

Pheochromocytoma is diagnosed by biochemical tests 
followed by anatomical localisation of the secreting tumour(s) 
utilising imaging techniques (6). Although pregnancy 
does not impact biochemical testing, it renders magnetic 
resonance imaging (MRI) and/or ultrasound scan as the 
preferred imaging techniques (7) for the anatomical localisa‑
tion of the tumour precluding instead computer tomography, 
123I‑metaiodobenzylguanidine (MIBG) scintigraphy, or the use 
of ionising radiation with alternative contrast media (6).

Investigations should be undertaken based on clinical 
suspicion or in cases of incidentally discovered adrenal masses. 
The absence of symptoms does not exclude the possibility of 
a pheochromocytoma that does not secrete catecholamines. 
Except in the cases where adrenal masses are incidentally 
identified, certain patient characteristics as well as presenting 
signs and symptoms should alert clinicians in pursuing the 
exclusion or confirmation of pheochromocytoma.

3. Clinical presentation

Signs and symptoms are diverse, non‑specific (6) and common 
between the pregnant and non‑pregnant population, while 
diagnosis can be challenging due to the low prevalence and 
overlapping features with other common disturbances in 
pregnancy (7), such as hyperemesis, gestational diabetes, 
threatened miscarriage or pre‑eclampsia. Symptom intensity 
can range from minor to severe/life‑threatening and from 
paroxysmal to persistent (8), becoming more pronounced with 
increasing gestational age.

Hypertension is the most prominent feature of 
pheochromocytoma (2), present in approximately 95% of 
patients and related to catecholamine excess and the main 
symptom during pregnancy. Hypertension can be persis‑
tent (~29%) or episodic (~48%) (9). In episodic hypertension, 
periods of hypotension can be identified in as many as 50% of 
the patients (10) Nevertheless, the absence of hypertension 
does not rule out pheochromocytoma since ~13% of patients 
are normotensive (6).

Specific signs that should singularly raise sufficient 
suspicion to dictate pheochromocytoma investigations 
include orthostatic hypotension in an otherwise hypertensive 
pregnant woman (8) or presence of resistant hypertension at 
a young age (<20 years of age), especially in the absence of 
other related factors. Similarly, presentation of hypertension 
<20 weeks of gestation, paroxysmal hypertension, and/or 
adrenergic spells (episodic palpitations, diaphoresis, pallor, 
tremor) are more strongly associated with the presence of a 
pheochromocytoma rather than gestational hypertension or 
preeclampsia. Conversely, ankle edema, proteinuria, increased 
serum uric acid, signs of hemolysis, elevated liver enzymes, 
and low platelet counts, especially in the context of advanced 
pregnancy, are signs more commonly associated with 
gestational hypertension or preeclampsia (8).

Paroxysmal headaches and palpitations attributed to adren‑
ergic spells are variably the second and third most common 
symptoms in cases of pheochromocytoma, especially during 
pregnancy. Other non‑specific but common symptoms include 
weakness and chronic fatigue while gastrointestinal symptoms, 
such as nausea, constipation, vomiting, and epigastric pain, are 
less common (6).

Table I summarises the findings that would alter pre‑test 
probability for pheochromocytoma during pregnancy.

4. Genetic aspects

From diagnosed pheochromocytomas, it is known that approx‑
imately 30‑40% are hereditary and another 40‑50% arise from 
identifiable somatic mutations in many of the 20 currently 
characterised susceptibility genes (5). Awareness of specific 
features associated with hereditary pheochromocytoma 
syndromes, particularly multiple endocrine neoplasia 
type 2 (MEN2), multiple endocrine neoplasia type 2; 
neurofibromatosis type I (NF1), von Hippel‑Lindau (VHL), 
and familial paraganglioma syndromes, is crucial in enabling 
timely consideration, genetic counseling, and analysis. This is 
of particular importance in pregnant women where due to their 
relatively young age, the probability of a pathogenic germline 
mutation (30‑40%) and thus the risk of presenting a multifocal, 
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recurrent, and metastatic (malignant) disease is higher (8). 
Knowledge of the underlying germline/somatic mutations 
and their clinical presentation can guide biochemical testing, 
specific imaging modalities, and appropriate personalised 
treatments. Importantly, hereditary mutations may affect the 
unborn child and this aspect is required to be discussed with 
the expecting mother.

5. Biochemical testing

Central to establishing the diagnosis of pheochromocytoma 
using biochemical investigations are confirming the presence 
of catecholamines (epinephrine, norepinephrine, and dopa‑
mine) or their O‑methylated metabolites (metanephrine, 
normetanephrine, and 3‑methoxytyramine respectively) in 
excess (7) in plasma or urine (1). The selection of a specific 
biochemical test is generally debated, with doubt around which 
molecule should be measured (catecholamines or metabolites) 
and in which bodily fluid (plasma or urine).

As described elsewhere (11), plasma levels of normeta‑
nephrine <112 ng/liter (0.61 nmol/l) and of metanephrine 
<61 ng/l (0.31 nmol/l) virtually exclude pheochromocytoma. 
With plasma concentrations of normetanephrine >400 ng/l 
(2.19 nmol/l) or of metanephrine >236 ng/l (1.20 nmol/l), the 
probability of pheochromocytoma is so high that the next 
step is to locate the tumour. This however does not subtract 
from the diagnostic value of epinephrine and norepinephrine, 
which at clearly elevated values (>2 times the upper limit of 
the normal range) are also considered diagnostic (12). The 
superiority of metabolites over catecholamines in terms of 
diagnostic power may be attributed to the constant production 

of O‑methylated metabolites from catecholamine‑leaking 
vesicles in tumour cells, their relatively long half‑lives, and 
lack of sympathoadrenal excitation influence.

A proposed solution to improve distinction amongst 
true‑positive and false‑positive results is the use of ratios 
between normetanephrine to norepinephrine or metaneph‑
rine to epinephrine especially in pregnancy during which a 
clonidine‑suppression test is contraindicated. The higher the 
ratio between normetanephrine to norepinephrine (>0.52) or 
metanephrine to epinephrine (>4.2), the higher the possibility 
(up to 30%) of a true‑positive result suggestive of pheochro‑
mocytoma (13). However, the reverse pattern to exclude 
pheochromocytoma is unreliable because some tumours 
secrete relatively large amounts of catecholamines compared 
with metanephrines (13).

To further avoid false‑positive results, some authors 
suggest that the initial test of choice should be based on 
clinical suspicion and pre‑test probability (a priori risk and 
suspicion). Accordingly, sensitive plasma metanephrine 
measurements (97.9%) with a nearly maximal negative 
predictive value should thus be reserved for high a priori risk 
(including suspected familial endocrine syndromes) (12), with 
attention drawn to some rare exceptions of non‑functional or 
small tumours. However, this is not the case for the pregnant 
patient presenting symptoms (8) in which high specificity 
(true negative rate) would be more of interest.

Overall, since approximately 80% of pheochromocytoma 
patients present increased plasma normetanephrines and meta‑
nephrines, a negative test in low a priori risk patients would 
exclude the diagnosis while a 4‑fold increase in high a priori 
risk patients (with genetic predisposition) would confirm it (13).

Table I. Instances that merit the investigation for and exclusion of pheochromocytoma.

 Signs and symptoms, from patient histories that alter the pre‑test probability for pheochromocytoma during pregnancy

Pre‑test probability Associated signs and symptoms

Increase Associated features of hereditary syndromes of pheochromocytoma (MEN‑2A, VHL, 
 NF1, PGL 1‑5, Carney triad) in conjunction with personal and family history
 Family history of pheochromocytoma
 History of abnormal blood pressure response during surgical interventions
 Orthostatic hypotension in a hypertensive pregnant woman
 Presentation of hypertension at <20 weeks of gestation
 Resistant hypertension at a young age (<20 years)
 Paroxysmal hypertension and/or classic adrenergic spells (episodic palpitations, 
 diaphoresis, pallor, tremor)
 Paroxysmal headaches
Unchanged Nausea
Decrease Proteinuria
 Edema
 Increased plasma uric acid level
 HELLP syndrome

MEN2, multiple endocrine neoplasia type 2; NF1, neurofibromatosis type I; VHL, von Hippel‑Lindau; HELLP, hemolysis elevated liver 
enzymes and low platelets.
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6. Localisation and biopsy

In general, anatomic localisation of pheochromocytomas 
should be undertaken after biochemical confirmation. 
However, in recent years tumours are increasingly being 
identified incidentally through various imaging modalities, 
which prompts their biochemical or other investigation as a 
second step (6).

During the localisation stage, in pregnant patients, imaging 
investigations are usually limited to anatomic non‑ionising 
methods such as MRI and ultrasound (7). Although ultraso‑
nography is widely used in pregnant patients, it is associated 
with overall poor sensitivity due to the increasing fundal size 
of the uterus which can interfere with its use (8,14), especially 
during the third trimester, potentially leading to small tumours 
being missed (14). However, its use may still be considered in 
pregnant patients presenting with unexplained hypertension in 
the first trimester (14).

To date, MRI is the preferred imaging modality to exclude 
or detect pheochromocytoma in pregnant women due to its 
safety (15) and similar sensitivity to computed tomography (CT) 
despite its limited specificity (70‑80% compared to CT) (7). 
Additionally, modality‑specific imaging criteria can be used to 
suggest whether an adrenal mass is benign or not (16).

The European guideline for adrenal incidentalomas (16) 
claims that biopsy of an adrenal tumour should only be 
performed if: a) there is another extra‑adrenal malignancy in 
the patient history; b) if the tumour is non‑functioning; c) if 
the tumour has not been judged as benign on imaging; d) if a 
biopsy would change patient management.

Otherwise, surgical resection should proceed without 
a prior biopsy. Consequently, all things considered, in a 
pregnant patient biopsy would be contraindicated in the case 
of a functioning tumour (presenting symptoms or positive 
biochemical testing) because of the risk of eliciting a hyper‑
tensive crisis. The debate as to whether to perform a biopsy or 
not is limited to non‑functioning tumours (hence incidentally 
identified during pregnancy) which are not judged as benign on 
imaging with or without a history of extra‑adrenal malignancy.

Differential diagnosis. Pathologies other than preeclampsia 
that may present similar features to catecholamine‑secreting 
pheochromocytomas and need to be considered in the differ‑
ential diagnosis during pregnancy include carcinoid syndrome, 
mast cell diseases, hypoglycemia, labile essential hypertension, 
withdrawal from adrenergic drugs, panic attacks, paroxysmal 
cardiac arrhythmias (17).

7. Management

Once the diagnosis of pheochromocytoma has been established, 
definitive treatment consists of complete surgical resection of 
the tumour, in both malignant and non‑malignant tumours (6), 
with the preferred method of removal being a transperito‑
neal laparoscopic approach especially when the tumour size 
is <7 cm (14). However, this is not always possible during 
pregnancy and in some cases also in non‑pregnant patients. 
Currently, the consensus is that when the diagnosis is made 
before 23 weeks of gestation, excision should be performed (7). 
More details regarding the surgical intervention for resection 

of pheochromocytoma during pregnancy have been published 
elsewhere (18) and will not be discussed further in this review.

Beyond 23 weeks' gestation, the dimensions of the uterus 
may preclude surgery, especially laparoscopy (18). Under these 
circumstances, medical treatment, such as adrenergic blockade, 
is the only available option while awaiting fetal maturation 
and delivery during the third trimester. Excision can either 
follow straight after delivery or be delayed by 2‑6 weeks post‑
partum (7). In any case, preoperative medical management 
is imperative to minimise the risks related to hypertensive 
adrenergic crises during pregnancy as well as perioperative 
complications, thus improving patient outcome (19). It is 
important to note that the available data regarding pregnant 
women from which the above recommendations are drawn are 
small retrospective studies with an inherent risk of selection 
bias; especially in the case of negative outcomes (fetal 
demise or maternal death), it is difficult to establish whether 
these are attributed to the surgery or the pheochromocytoma 
per se. Postoperative follow‑up is required at 2‑6 weeks using 
biochemical measurements of plasma or urine metanephrines.

Timeliness and mode of delivery. The success of medical 
management (discussed below) and the well‑being of the fetus 
are determining factors in deciding the time of delivery (7). 
Inability to control the mother's blood pressure, a strong 
suspicion of malignant pheochromocytoma, intrauterine 
growth retardation, decreased fetal movements, and decelera‑
tions on fetal cardiac rhythm are some indications that could 
prompt early delivery (7). Despite the lack of specific studies 
examining the best route of delivery, the consensus suggests 
that a planned Cesarean section is the best option (20).

Preoperative and medical management. The aims of medical 
management preoperatively or until the time of delivery are to 
control blood pressure and heart rate, prevent catecholamine 
crises due to excess release during intraoperative manipulation, 
and address volume contraction resulting from chronic 
vasoconstriction secondary to chronic catecholamine excess.

The target blood pressure quoted for a non‑pregnant 
population is less than 130/80 mmHg when seated and when 
standing systolic pressure greater than 90 mmHg (6,15). In a 
pregnant population, recommendations are similar to those for 
chronic hypertension in pregnancy, i.e., <150/100 mmHg with 
diastolic blood pressure >80 mmHg in absence of end‑organ 
damage signs or <140/90 mmHg in the case of end‑organ 
damage signs (21).

As a first‑line treatment, the α‑adrenergic, nonselective 
antagonist phenoxybenzamine is the most frequently used agent 
in pregnancy despite crossing the placenta and consequently is 
associated with neonatal hypotension and respiratory depres‑
sion (22). Alternatively, α1‑selective adrenergic antagonists 
such as doxazosin, prazosin, or terazosin are used to avoid 
adverse effects usually associated with unselective α‑blockade. 
Furthermore, in the case of doxazosin despite it also crossing 
the placenta no adverse effects have been reported to date (23). 
It is important to note that despite the wide use of α‑adrenergic 
blockage in pregnant women the authors were unable to find 
any randomized control clinical trials.

In certain circumstances such as the appearance of side 
effects due to α‑blockade and/or failure to control symptoms, 
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the addition of a β‑blocker should be considered. The preferred 
agent is propranolol, an unselective β‑blocker. Selective 
β1‑blockers can be used in place of unselective β‑blockers in 
patients with bronchospastic disease (24).

Calcium channel blockers are used as an alternative or 
complement to α‑ and β‑blockers in patients unable to tolerate 
or achieve desired blood pressure control (25). Despite little 
experience in their use in pheochromocytoma, there is growing 
evidence to suggest they can potentially be used as first‑line 
agents instead of α‑ and β‑blockers, with lower morbidity and 
mortality (26).

Lastly, metyrosine (a tyrosine hydroxylase inhibitor), which 
blocks the rate‑determining step metabolising tyrosine to 
dihydroxy phenylalanine (DOPA) in the synthesis of catechol‑
amines, has been evaluated as a single agent or in combination 
with phenoxybenzamine for hemodynamic stability with 
mixed results but not in pregnant patients (27). Currently, it is 
reserved as monotherapy or in combination with phenoxyben‑
zamine only for cases where all other medication has failed or 
in cases of large tumours (27).

Invariably, despite extensive experience in the use of anti‑
hypertensive medication during pregnancy and the benefits 
associated with the mother, there is a paucity of evidence with 
only a few studies suggesting a possible risk of adverse child 
health outcomes (28). Uncertainty remains around important 
safety issues for many antihypertensive drugs in pregnancy, 
despite extensive documentation of use (29).

Importantly, the main challenge in managing hyperten‑
sion in pregnancy remains the preservation of sufficient 
uteroplacental circulation, which is autoregulated and remains 
susceptible to changes in maternal blood pressure (30).

Finally, some commonly prescribed drugs in the peripartum 
phase or during a Caesarian section (e.g., metoclopramide, 
steroids, and sympathomimetics), must be avoided due to 
their potential of resulting in a sudden tumoural release of 
catecholamines or histamine inducing a pheochromocytoma 
crisis (31).

It is important to highlight cases when maternal hyper‑
tension is not well‑controlled (e.g., in unexpected premature 
labor or undiagnosed pheochromocytoma) resulting in 
life‑threatening emergencies such as acute hypertensive 
crisis (catecholamine storms), hypertensive encephalopathy, 
or cardiac ischemia (32). In these circumstances, a rapidly 
acting α‑antagonist (e.g., prazosin), calcium channel blockers 
(e.g., nifedipine or amlodipine), and/or magnesium sulfate can 
be given safely during pregnancy. Nitroprusside is controver‑
sial due to its potential to cause fetal cyanide toxicity (10). 
Under the above conditions, some complications may occur 
significantly raising the mortality rate for the mother and child 
despite quick, appropriate therapy (33).

8. Prognosis and follow‑up

Cases in which excision can be undertaken generally exhibit 
better outcomes than when a medical management approach 
is adopted, and excision is delayed (7). Excision‑related 
complications arise due to unrecognised additional pheo‑
chromocytomas while medical management alone may be 
associated with intrauterine death and the development of 
metastatic disease (34).

To date, it is unclear the consequences that long‑term 
hypertensive treatment has on the fetus. Nonetheless, the 
outcomes following long‑term hypertensive treatment tend to 
be satisfactory with a reported fetal and maternal survival rate 
as high as 85% (7,35).

Genetic predisposition plays a major role in the overall 
progression of pheochromocytomas particularly post‑excision.

Long‑term monitoring of patients despite complete surgical 
excision remains obligatory. Following the surgical interven‑
tion, 1 to 2 weeks postoperatively, fractionated catecholamines 
and their metabolites need to be measured. Medical treatment 
is continued until normal biochemical levels are reached and 
are weaned slowly especially if β‑blockers are used (due to 
risk of rebound hypertension if abruptly stopped) considering 
the patient's symptomatology. Annual biochemical controls 
remain lifelong. In 20% of cases, essential hypertension 
requiring medical treatment persists (6,26). In cases where 
patients undergo bilateral adrenalectomy, lifelong glucocor‑
ticoid and mineralocorticoid replacement therapy must be 
considered.

9. Conclusions

Clinical suspicion and meticulous patient history‑taking remain 
the primary lines of defense against a pathology that scarcely 
appears during pregnancy but remains one with the highest 
mortality and morbidity rates for both the mother and fetus.

For the positive diagnosis of pheochromocytoma, two 
elements are required: proof of catecholamine excess and 
localisation of the tumour(s) while genetic analysis of possible 
mutations provides additional information and guidance on 
the potential progress and best therapeutic attitude towards 
pheochromocytoma.

In terms of biochemical testing, sensitive plasma meta‑
nephrine measurements are to be reserved for high a priori risk 
patients (including those with suspected familial endocrine 
syndromes), while 24‑h urinary total catecholamines and 
metanephrines can be used for low a priori risk patients. 
Attention must be drawn to the increased false‑positive rate 
in biochemical testing due to interfering drugs or the false‑ 
negative rate due to dopamine‑secreting tumours. In terms 
of imaging, MRI remains the method of choice throughout 
pregnancy, without excluding the use of ultrasound during the 
first trimester.

The extremely low incidence of symptomatic pheochro‑
mocytomas in pregnancy as seen by the limited number 
of published cases, in conjunction with a publication and 
a selection bias, does not provide a whole inclusive algo‑
rithm in addressing them, and we have strived to provide 
some guidance in suspecting and managing such cases. 
Regardless, key factors to a successful outcome for both the 
mother and the newborn include the prompt diagnosis of the 
pheochromocytoma and complete localisation antenatally, 
the avoidance of hypertensive crises while maintaining 
adequate uteroplacental circulation, and the close monitoring 
and control of the patients' blood pressure. An experienced 
and multidisciplinary team is required to effectively manage 
the condition.

In the future, clinical trials are needed to compare the 
treatment of hypertension in pregnancy with and without 
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different classes of antihypertensive drugs. In these evalu‑
ations, both the mothers' and the fetuses'/newborns' safety 
need to be considered in the short and long term. Ultimately, 
blood‑pressure control of the mother and the well‑being 
of the fetus are the determining factors in deciding the 
time of delivery, with a Caesarean section being the most 
preferred route. Despite the ever‑improving positive outcome 
rates, pregnancy‑associated pheochromocytoma remains a 
pathology with high mortality and morbidity rates for both the 
mother and the fetus, especially in the context of hypertensive 
crises, thus warranting heightened awareness and careful 
management on behalf of the treating physicians.
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