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Abstract

Background: Pheochromocytomas are rare, with a reported in-
cidence of 2 - 8 cases per million persons, per year. The clinical
presentation of pheochromocytomas is highly variable, making
diagnosis challenging. Occasionally, the potent effects of the cat-
echolamines can also cause “pheochromocytoma crisis” which can
be fatal with around 800 deaths in the United States annually. The
aim of this project is to study the clinical presentation, sensitivity
of biochemical tests and imaging studies, preoperative work-up,
pathological findings and surgical results of patients with pheo-
chromocytoma.

Methods: A prospective adrenalectomy database was reviewed
from 1995 to 2009. The sub-group of patients with pheochromocy-
tomas was identified. Their clinical findings, serum and urinary bio-
chemistry results, imaging results, pre-op medical treatments, sur-
gical approach, histopathology, and complications were reviewed.

Results: A total of 88 patients with 85 having adrenalectomy were
identified. Of these 24 had pheochromocytomas with a mean age
of 50 (range: 19 - 75); 14 males and ten females. Elevated urinary
catecholamines (> 2 x upper normal limit) were identified in 90%
of cases whilst CT imaging accurately localized all lesions (22 ad-
renal, 2 extra-adrenal). Pre-op medication: 75% (n = 18) required
only single alpha-blockade agent, 25% (n = 6) of them combined
alpha and beta-blockade. Surgery: 18 of the 22 adrenalectomies
were attempted laparoscopically with 15 (83%) completed lapa-
roscopically and the remainder (three) converted to open surgery
due to adhesions or large tumor size. Four adrenalectomies were
performed as planned open cases (two bilateral; two with tumors >
7.5 cm). All patients had benign pheochromocytomas. One patient
developed post-operative pneumonia and one patient had post-op
hypotension needing inotropic support for two days. All patients
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are alive and well, with no evidence of recurrent disease (minimum
two year follow-up).

Conclusions: The majority of adrenalectomies may be safely
performed laparoscopically with minimal complications. A multi-
disciplinary approach contributes to successful outcomes with
involvement extending beyond preoperative consideration of the
diagnosis into accurate localization of lesions, medical treatment
when appropriate, specialized anaesthetic involvement and inten-
sive care support.
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Introduction

Pheochromocytomas are neuroendocrine tumors derived
from chromaffin cells of the adrenal medulla. Extra-adrenal
pheochromocytomas are called paragangliomas and they
account for 15 - 20% of all pheochromocytoms [1]. Pheo-
chromocytomas are rare, with a reported incidence of 2 - 8
cases per million persons, per year [2]. Patients with spo-
radic pheochromocytomas are usually diagnosed at age 40
- 50 years [1, 3]. Patients with familial cancer syndromes
such as multiple endocrine neoplasia (MEN) type 2, von
Hippel-Lindau disease, and neurofibromatosis type 1 (von
Recklinghausen’s disease) are at much higher risk of devel-
oping pheochromocytomas [4]. These patients are usually
diagnosed with pheochromocytomas at age 30 - 40 years,
and they are more likely to have multifocal disease [5].
Pheochromocytoma has been termed the ‘10% tumor’;
with 10% bilateral, 10% malignant, 10% extra-adrenal, 10%
hereditary, and 10% paediatric [6]. These tumors produce
catecholamines, usually adrenaline, noradrenaline or dopa-
mine. The uncontrolled secretion of these catecholamines
is often symptomatic where such patients, may experience
more commonly headache, palpitations, sweating and less
often nausea, flushing, weight loss, tiredness, anxiety and
panic attacks [4]. It is estimated that pheochromocytomas
occur in 0.1-0.5% of patients presenting with hypertension
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Table 1. Histology Findings of 85 Adrenalectomies

Histological diagnosis

Number of cases (n)

Percentage of total (%)

Pheochromocytoma
Adrenocortical carcinoma
Cushing syndrome 2
Incidentaloma 1
Benign cortical adenoma
Cushing syndrome 3
Conn’s syndrome 13
Incidentaloma 21
Adrenal Cortical hyperplasia
Cushing’s syndrome 4
Conn’s syndrome 1
Primary pigmented nodular adrenocortical disease
Lipoma
Schwannoma/ganglioneuroma
Adrenal cyst
Metastasis
Melanoma 2
Lung 3
Renal cell carcinoma 1

Total

24

37

AN W s

85

28.24%
3.52%

43.52%

5.88%

2.35%
1.18%
4.711%
3.52%
7.06%

100%

[1, 4, 7]. However, 15% of patients are asymptomatic and
the diagnosis is made incidentally on imaging investigating
other conditions [8].

Rarely, the potent effects of the catecholamines can also
cause “pheochromocytoma crisis” which can be fatal with
around 800 deaths in the United States annually [1]. The cri-
sis typically manifests as severe hypertention, cardiogenic
shock, acute myocardial infarction, pulmonary oedema,
encephalopathy and multiorgan failure [9, 10]. Precipitants
include needle biopsies, angiography (intravenous contrast),
general anaesthesia, and surgery. About a third of sudden
deaths, secondary to pheochromocytomas, occur during or
after an operative procedure or delivery [6].

Biochemical tests to diagnose pheochromocytomas in-
clude the measurement of urinary or plasma catecholamines.
Measurement of the 24-hour urinary excretion of catechol-
amines (and its metabolites) has a sensitivity of 86% and
measurement of plasma catecholamines has a sensitivity of
84%[11] Imaging techniques such as CT or MRI and func-
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tional studies such as (123)I- Metaiodobenzylguanidine
(MIBG) scintigraphy are used to localise the tumors [1].

Complete surgical resection of pheochromocytoma is
usually curative. In the past, surgical mortality associated
with excision of pheochromocytomas was as high as 50%
[12, 13]. More recent reviews report mortality rates to be
less than 3% [1]. Improved surgical outcomes have been
the result of advances in localization techniques, periopera-
tive medical management and anaesthetic practice [13]. We
report our recent experience in the management of pheo-
chromocytoma to highlight that surgical management of
pheochromocytoma can be performed safely with modern
perioperative management.

Materials and Methods

From 1995 to 2009, eighty-eight patients were referred to the
Monash University Endocrine Surgery Unit (MUESU) for
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Table 2. Clinical Presentations of Patients With Pheochromocytomas

Clinical presentations

Total (n =24) Percentage (%)

Investigation for hypertension
Asymptomatic 5
Palpitation 2
Headache 3
Panic 1
Flushing, palpitation, anxiety 2
Incidentalomas
Abdominal pain or discomfort 4
Non specific aches and pains 1
Trauma 1
Investigation for cardiac thrombus 1
Asymptomatic 1
SCC forehead, Staging CT 1
Screening for familial syndromes
Von Recklinghausen’s disease 1

MEN 2A syndrome 1

13 54%
9 37.5%
2 8.33%

adrenalectomy. Patient demographics, clinical presentation,
results of serum or urine biochemistry, results of imaging,
preoperative medical treatments, surgery performed, histo-
pathology, morbidity and mortality were recorded in the pro-
spective adrenalectomy database with ethical approval. The
data was then analysed with a focus on identifying patients
having a pheochromocytoma. Their clinical presentation,
methods of confirming the diagnosis of pheochromocytoma,
imaging findings, details of pre-operative work-up, pathol-
ogy findings, surgical approach, and surgical outcomes were
reviewed.

Results
Patient population

There were 88 patients in the adrenalectomy database from
1995 to 2009. Of these, 85 patients had adrenalectomies per-
formed. Of the three patients who did not have adrenalec-
tomy: one had a gastric diverticulum mimicking a left ad-
renal mass discovered during operation and adrenalectomy
was not performed; one was found to have metastatic disease
(primary lung cancer) in liver during operation; and one pa-
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tient had bilateral metastatic adrenal carcinomas. The histo-
logical diagnosis of the 85 patients who had adrenalectomies
is detailed in Table 1. Benign cortical adenoma was the most
common histological diagnosis with 37 cases in total. In this
group, 21 cases presented as incidentalomas (incidental find-
ings on imaging); 13 cases presented as Conn’s syndrome
and three cases presented as Cushing’s syndrome. The sec-
ond most common histological diagnosis was pheochromo-
cytoma. There were 24 (28%) patients with pheochromocy-
tomas. The mean age of patients with pheochromocytomas
was 50 (range: 19 - 75), 33% (8/24) of patients were under
the age of 50 and 42% (10/24) were in their fifties. There
were 14 male and 10 female patients. Ten of the pheochro-
mocytomas were left-sided, 12 were right-sided and two
were bilateral.

Clinical presentation

As patients with pheochromocytomas have varying presen-
tations, they were categorised into three groups according to
their clinical presentations (Table 2). The “investigation for
hypertension” group consisted of patients with hypertension
who were investigated for a secondary cause for hyperten-
sion. There were 13 (43%) patients in this group. Of these
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Table 3. Urinary Catecholamines Levels in Patients With Pheochromocytomas

Upper limit of normal

Number of patients (n = 24)

> 10 fold
> 5 fold

>3 fold
> 2 fold
> 1.5 fold
Unknown

Elevated but exact figure unknown

patients with hypertension, eight were symptomatic. Their
primary symptoms are shown in Table 2. Only two patients
had the combination symptoms of flushing, palpitation and
anxiety. Five patients in this group were asymptomatic. The
“incidentaloma” group consisted of patients diagnosed with
adrenal masses during imaging for an unrelated clinical pre-
sentation with no previous symptoms related to pheochro-
mocytoma. There were nine (37.5%) patients in this group.
The “screening” group consisted of patients with a known
family history of pheochromocytoma, or known familial
syndrome associated with an increased risk of pheochromo-
cytoma developing. Two patients were in this group. One
patient has Von Recklinghausen’s disease and one has MEN
2A syndrome.

Tumor biochemistry

All 24 patients had 24-hour urinary collection for catechol-
amines (adrenaline, noradrenaline or dopamine). A catechol-
amine level of more than twice the upper limit of normal
was considered diagnostic. If the first set of urinary catechol-
amines result was normal and the diagnosis of pheochromo-
cotoma was still suspected, a 24-hour urinary collection for
catecholamines was repeated. Only 21 patients had com-
plete urinary catechlamines data for analysis. Two patients’
results were not found. One patient had elevated urinary cat-
echolamines but the exact number was not found (Table 3).
Based on the 21 results, 19 (90%) patients had greater than
2 x upper limit of normal catecholamines levels (adrenaline,
noradrenaline or dopamine) in their urine. Therefore, the
sensitivity of detecting pheochromocytomas was 90%. Two
patients had urinary catecolamine levels only 1.5 x the upper
limit of normal. One of these two patients has Von Reckling-
hausan syndrome. The other patient had a long history of
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hypertension. MIBG scintigraphy confirmed the diagnosis of
pheochromocytoma for both of these patients.

Imaging

All patients (n = 24) had CT scans, which correctly localised
tumors (22 adrenal, 2 extra-adrenal). Measurement of the
adrenal tumors consisted of length, width, and height. The
mean maximal CT measured size was 4.3 cm (range from 2
cm to 9 cm).

A total of 18 patients had a MIBG scintigraphy. MIBG
scintigraphy correctly detected 14 unilateral adrenal pheo-
chromocytomas, one bilateral adrenal pheochromocytoa,
and two extra-adrenal pheochromocytomas. MIBG scintig-
raphy failed to detect only one (5.6%) pheochromocytoma
(this patient had a 2.5 cm left adrenal mass on CT and an
elevated urinary catecholamine)

In general, MRI scan was requested for identifying pos-
sible vascular invasion or thrombus formation. Seven pa-
tients had MRI scans, all correctly localized the lesions. The
MRI scans correctly confirmed that none of these patients
had vascular invasion or evidence of thrombus.

Pre-operative medical management: All patients were
referred to the endocrinology and anaesthesia services before
surgery. When indicated, patients were seen by cardiology.
Before surgery, all patients were given an alpha-blockading
agent. The dose of alpha-blockage agent was titrated until
postural hypotension was achieved. A beta-blockade agent
was added if the patient displayed tachycardia. In total, 75%
of patients’ blood pressure was successfully managed with
only alpha-blockage (phenoxybenzamine for 14 patients and
prozosin for four patients) whilst 25% of patients required
both alpha and beta-blocking agent (Five patients required
phenoxybenzamine and a beta blocker and one patient was
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Table 4. Operative Approach

Laparoscopic Lap converted to .

Adrenalectomy open adrenalectomy Open resection  Total
Adrenal pheochormocytoma 15 3 4 22
Extra-adrenal pheochromocytoma 2 2
Total 15 3 6 24

prescribed prazosin and propanolol). Surgical approach: 22
patients had adrenal pheochromocytomas and two patients
had extra-adrenal pheochromocytomas. Patients with ad-
renal pheochromocytomas had either open or laparoscopic
adrenalectomies (Table 4), 18 of these 22 were planned to
have laparoscopic adrenalectomies, 15 of these 18 (83%) ad-
renalectomies were successfully completed laparoscopically.
Three (16.7%) laparoscopic adrenalectomies were converted
to open. One was due to a very large tumor of 10 cm in size.
One was due to extensive adhesions and fat necrosis. One
was due to difficult anatomy and dissection. The four patients
with adrenal pheochromocytomas who were not suitable for
laparoscopic approach had open adrenalectomies. Two were
bilateral tumors and two were large tumors (9 cm and 7.6 cm
respectively). The two patients with extra-adrenal pheochro-
mocytomas had open resection of pheochromocytomas.

Histopathology

Mean tumor size of these pheochromocytomas was 5.7 cm
(range 20 cm to 15 cm). All were benign pheochromocyto-
mas and all had clear margins of resection.

Complications

One patient (4%) developed post-op pneumonia and another
(4%) post-op hypotension requiring inotropic support for
two days. However, all patients are still alive and well, with-
out evidence of recurrent disease on follow-up.

Discussion

Pheochromocytoma is uncommon with a highly variable
clinical presentation making diagnosis challenging. In this
series, classical symptoms such as headache, flushing,
sweating, palpitations or anxiety attacks only occurred in
one third of the patients; and only half of the patients had hy-
pertension. Incidentalomas accounted for 38% of pheochro-
mocytomas in this study. A review of the coronial autopsy
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records from Melbourne, Sydney and Auckland had shown
that a significant number of pheochromocytomas were not
diagnosed during life, and this may have contributed to the
patient’s death in up to 50% of the cases [14]. Furthermore,
anaesthesia and surgery in the presence of undiagnosed
pheochromocytoma might be the cause of death in up to 25%
of cases [15].

However, once the diagnosis of pheochromocytoma is
confirmed, elective resection is safe. Therefore, it is impor-
tant to have a high index of suspicion, and offer biochemi-
cal tests to all patients with suspected pheochromocytoma.
These include patients with intermittent signs or symptoms
suggestive of a pheochromocytoma; patients with treatment
resistant hypertension; patients with cardiovascular insta-
bility during anaesthesia and surgery; patients with genetic
predispositions to pheochromocytoma such as MEN type
2, von Hippel Lindau syndrome, neurofibromatosis type 1
and mutations of the succinate dehydrogenase genes; all pa-
tients with incidentalomas; and patients with sudden attacks
of anxiety [1]. Unusual presentations of pheochromocytoma
such as myocardial infaction, cardiomyopathy, cardiogenic
shock, pulmonary oedema, pulmonary hemorrahage, cyclic
hypotension, encephalopathy and renal failure had also been
reported [10, 16]. Therefore, the diagnosis of pheochromo-
cytoma must be considered when the underlying etiology of
patients with these presentations is unclear.

The most commonly used biochemical testing in our
centre to diagnose pheochromocytomas is 24-hour urinary
collection for catecholamines (adrenaline, noradrenaline or
dopamine). This study showed that the sensitivity of urinary
catecholamines was 90%. Two patients’ (9.5%) 24-hour
urinary cathecholamine levels were 1.5 X the upper limit
of normal. One of these patients had Von Recklinghausan
syndrome with a tumor of 2 cm and one had a long history
of hypertension with a tumor of 3 cm on CT scan. Due to
clinical suspicion of pheochromocytoma despite sub-diag-
nostic urinary catecholamines level, both patients had MIBG
scintigraphy and the diagnosis of pheochromocytoma was
confirmed. It is well documented that the sensitivity value
of biochemical tests for hereditary pheochromocytoma is

www.jcs.elmerpress.com



Woon et al

J Curr Surg « 2013;3(2):66-72

lower [11]. This is because routine screening for pheochro-
mocytoma in patients with a hereditary predisposition to the
tumor often leads to detection of small tumors that release
lower level of catecholamines. Other studies had suggested
the use of plasma-free metanephrines (99% sensitivity) or
urinary-fractionated metanephrines (97% sensitivity) as the
test of first choice for diagnosing pheochromocytoma [1,
11]. CT scanning and MRI have similar sensitivities (> 90%)
and specificities (79-80%) [1, 17, 18]. However, CT scan is
still the method most commonly used to evaluate patients
suspected of having adrenal pathology [19, 20], and it is
the preferred initial imaging modality in diagnosing pheo-
chromocytoma in our centre. It correctly localised all pheo-
chromocytomas in this series. However, CT is less helpful
for extra-adrenal lesions and recurrent tumors [21]. When
these lesions are suspected, MIBG scintigraphy is usually
performed. MIBG scintigraphy plays an important role in
identifying extra-adrenal, additional multifocal or metastatic
turmors, and recurrent tumors. It is most relevant in patients
with extra-adrenal or large (> 5 cm) adrenal tumor with in-
crease risk of malignant disease or in patients with high sus-
picion of the presence of multifocal disease such as those
with a familial syndrome [1, 22].

MRI can show more clearly than CT the relations of ad-
renal masses to adjacent vascular structures. The sensitivity
is reported to be up to 100% with a positive and negative
predictive value of 83% and 100% respectively [21]. There-
fore, MRI is used to identify possible vascular invasion or
thrombus formation.

Before the elective resection of pheochromocytomas, all
patients were seen by our endocrinologists and anaesthetists.
Patients were also referred to cardiology if they had a his-
tory of ischaemic heart disease, cardiomyopathy or any other
significant cardiac conditions. These pre-operative medical
management and the support from intensive care unit were
some of the reasons that pheochromocytoma operations were
carried out safely with a low complication rate in our centre.

In the past decade laparoscopic adrenalectomy has be-
come the preferred surgical approach for adrenalectomy,
even for pheochromocytoma. Recent studies had confirmed
that laparoscopic adrenalectomy is a safe and effective treat-
ment for pheochromocytoma [23-28]. Patients who had lapa-
roscopic adrenalectomy for pheochromocytomas had shorter
mean operating time and hospital stay; less intraoperative
hypertension or intraoperative blood loss; less postoperative
analgesia requirement, and earlier return to oral nutrition
[26]. Up to 90% of suitable cases (adrenal pheochromocy-
toma with no suspicion of malignancy and a reasonable size
tumor) could be completed laparoscopically [29]. In this
study, 83% of our planned laparoscopic adrenalectomy was
completed laparoscopically and with minimal complication.

In conclusion, surgery for patients with pheochromo-
cytoma can be safely carried out with minimal complica-
tions. This was achieved with careful consideration of the
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pre-operative diagnosis, localization of lesions with imag-
ing, preoperative medical treatment, and a multidisciplinary
approach utilising endocrinologists, cardiologists, intensive
care physicians and specialized anesthetists.
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