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INTRODUCTION

The 2004 WHO classification of endocrine 
tumors defines pheochromocytoma (PCC) as a 
catecholamine-producing intra-adrenal tumor 
arising from the chromaffin cells (intra-adrenal 
paraganglioma [PGL]). The related tumors of 
extra-adrenal sympathetic and parasympathetic 
paraganglia are classified as extra-adrenal PGLs.[1] 
The most important functional characteristics of 
the adrenal and extra-adrenal sympathetic tissue 
derived tumors is the production of various types 
of catecholamines and its related clinical attributes. 

In this review, the term PCC will be used for adrenal 
tumors, and the term PGL will be used for extra-adrenal 
tumors. PCCs form almost 80% to 85% of these tumors. 
The most common site of origin of PGLs is the organ of 
Zuckerkandl, the chromaffin tissue surrounding the inferior 
mesenteric artery and the bifurcation of aorta. Other sites 
of origin of PGL include infra-diaphragmatic para-aortic 
region, mediastinal thoracic sympathetic chain, and urinary 
bladder.[2] A few unusual sites reported are urethra, prostate, 
spermatic cord, genital tract, liver, and heart.[3,4] The site of 
origin of the catecholamine-secreting tumors is important 
to delineate not just to aid in surgical dissection but also to 
prognosticate the malignant potential of the tumors which 
is different according to the site of origin.
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ABSTRACT
Neuroendocrine tumors which have the potential to secrete catecholamines are either associated with sympathetic 
adrenal (pheochromocytoma) or nonadrenal (paraganglioma) tissue. Surgical removal of these tumors is always 
indicated to cure and prevent cardiovascular and other organ system complications associated with catecholamine 
excess. Some of these tumors have malignant potential as well. The diagnosis, localization and anatomical 
delineation of these tumors involve measurement of catecholamines and their metabolic end products in plasma 
and urine, 123I-metaiodobenzylguanidine scintigraphy, computed tomography, and/or magnetic resonance 
imaging. Before surgical removal of the tumors, the optimization of blood pressure, as well as intravascular 
volume, is an important measure to avoid and suppress perioperative adverse hemodynamic events. Preoperative 
preparation includes the use of alpha-adrenergic antagonists, beta-adrenergic antagonists with or without other 
antihypertensive agents, fluid therapy as well as insulin therapy for hyperglycemia if required. Due attention 
should be given to type and dose of alpha-receptor antagonists to be used and the duration of this therapy to 
achieve an optimal level of preoperative “alpha-blockade.” Despite this preoperative preparation, many patients 
will have hypertensive crises intraoperatively which need to be promptly and carefully managed by the anesthesia 
team which requires intensive and advanced monitoring techniques. The most common complication after 
tumor removal is hypotension which may require fluid therapy and vasopressor support for a few hours. With 
advancement in surgical and anesthetic techniques, the incidence of severe morbidity and mortality associated 
with the surgery is low in high volume centers.
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The classic association of 10% of PCCs being malignant, 
10% being bilateral, 10% being extra-adrenal (of which 
10% are extra-abdominal), 10% in nonhypertensive 
patients and 10% being hereditary does not hold true 
for these tumors anymore. Many of these traditionally 
associated numbers have changed as more and more facts 
about them have been unveiled by newer research. With 
more and more germline mutations being recognized, 
up to 40% of cases of PCC and PGL are now known to 
be attributed to these genetic alterations.[5] Hereditary 
syndromes have higher proportion of bilateral PCCs 
as compared to sporadic occurrences. The malignant 
potential of both PCC and PGL is confirmed by their 
metastasis rather than their histological features. 
Depending on the underlying mutation and the definition 
of malignant disease, various reports mention estimated 
rates of malignancy between 5% and 26% and even higher 
when associated with germline mutations.[6-9] Features 
suggestive of malignancy are seen 3–15 times more in 
PGL than in PCC.[10]

Surgery, wherever feasible, is the treatment of choice 
for these tumors and is curable for more than 90% of 
patients. The management of patients, however, requires 
a multi-disciplinary approach with involvement of 
endocrinologists, surgeons, and anesthesiologists. Improved 
awareness of the need for preoperative optimization of 
patients’ signs and symptoms in decreasing the perioperative 
complications has led to well-established protocols in 
various institutes which cater to these patients. Considerable 
improvement in surgical and anesthetic techniques also 
has a major role in decreasing the morbidity and mortality 
historically associated with patients undergoing surgical 
removal of these tumors.

The following review details the current practices prevalent 
in the perioperative management of patients undergoing 
surgery for removal of PCC and PGL.

CLINICAL PRESENTATION AND DIAGNOSIS

PCC and PGLs are associated with a gamut of symptomatology. 
About 10–40% of these tumors are found incidentally and 
may not be related to any clinical symptoms. The classic 
symptomatology, i.e. paroxysms of hypertension, palpitation 
with diaphoresis is present in only 40% of the patients. Effects 
of long standing and severe hypertension can be seen as damage 
to the end organs especially heart, kidney, eyes, and central 
nervous system.[11,12] Diabetes or deranged glucose metabolism 
may be present in up to 30–50% of the patients.[12,13]

The clinical features in the patients are somewhat related 
to the type and amount of catecholamine secreted by the 
tumor as well. These tumors may secrete epinephrine (E), 
norepinephrine (NE), or dopamine in either a continuous 

manner (leading to sustained hypertension) or episodic 
pattern (leading to paroxysms of symptoms).

Biochemical tests are recommended and required for 
confirmation of the tumor. Within the chromaffin cells, 
NE and E are metabolized to normetanephrine and 
metanephrine. A rise in plasma metanephrines is thus 
indicative of increased tumoral production of catecholamines 
and forms the basis of the high sensitivity and specificity 
of this diagnostic test as compared to the measurement of 
parent catecholamine in the plasma which is dependent on 
their secretion from the tumor [Table 1].[14-16] Measurement 
of urinary fractionated metanephrines are also highly 
sensitive but offer low specificity.[17] Measurement of urinary 
and plasma vanillylmandelic acid (VMA) and catecholamine 
levels can also be used as a screening and diagnostic tests for 
these tumors. Measurement of urinary VMA is inexpensive 
and easy to perform by colorimetry and is, thus, useful as 
an initial screening test.[18]

Imaging studies are important for tumor localization and 
lineation of its extent. They are also important in diagnosing 
multiple primary tumors and/or metastatic lesions in patients 
with various genetic disorders. The approach to surgical 
removal may depend considerably on the location, extent, 
and the association of the tumor with nearby anatomical 
structures. Imaging studies, especially functional studies are 
also useful adjuncts in confirming diagnosis of the tumor when 
biochemical investigations are ambiguous or not available 
in patients with clinical suspicion of the tumor. Computed 
tomography (CT), contrast enhanced CT, and magnetic 
resonance imaging are now routinely complemented 
by functional imaging using various radiotracers such 
as 123I-metaiodobenzylguanidine (123I-MIBG) and 
111In-DTPA-pentetreotide.[19-21]

PREOPERATIVE PREPARATION

The most important factor that has drastically reduced 
the perioperative morbidity and mortality in these 
patients is the meticulous preoperative preparation that 
is undertaken.[22] The effect of catecholamines, NE and E, 
is brought about by their action on various sympathetic 
receptors, alpha and beta. Preoperative preparation 

Table 1: Sensitivity and specificity of various biochemical 
tests useful in patients with pheochromocytoma and 
paraganglioma
Biochemical test Sensitivity (%) Specificity (%)

Plasma fractionated metanephrines 96-100 85-100
Plasma NE 78 88
Plasma E 63 79
Urinary catecholamines 70-71 90-99
Urinary metanephrines 71-92 99-100
Urinary VMA 89 85

NE:Norepinephrine, E:Epinephrine, VMA:Vanillyl mandelic acid
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or optimization encompasses negation of the alpha-1 
mediated vasoconstriction and beta-1 mediated tachycardia 
and inotropy. Both these effects lead to hypertension. 
A few authors have questioned the need for obligatory 
preoperative antihypertensive therapy.[23] Most of the 
recent evidence, however, points toward decreased 
intra- and post-operative cardiovascular complications 
in patients who have received some medical therapy for 
control of signs and symptoms of catecholamine excess.[24-26] 
Preoperative alpha-blockade, as well as fluid and salt 
intake, is recommended by the Endocrine Society Clinical 
Guidelines Subcommittee for patients undergoing PCC and 
PGL resection.[27] The strict protocol based preoperative 
antihypertensive therapy, however, has recently been 
criticized, and use of a more flexible approach modified 
according to patient characteristics has been advocated.[28] 
The course of treatment is well-delineated in patients who 
are symptomatic, however, controversy still exists on need 
for antihypertensive therapy in asymptomatic patients.[29]

In symptomatic patients, the mainstay of “preparation” or 
“optimization” includes control of hypertension and vascular 
expansion.

Control of hypertension
Hypertension in these patients may be either paroxysmal 
with baseline normal blood pressure, baseline 
elevated blood pressure with intermittent paroxysms 
or persistently increased blood pressure. The primary 
cause of hypertension is alpha-receptor activation by the 
catecholamines. Alpha-receptor antagonists are, thus, the 
initial choice of drugs for control of hypertension. Other 
drugs, such as beta-receptor antagonists and calcium 
channel blockers, also have their place in the preoperative 
control of symptoms.

Alpha‑receptor antagonists
Nonselective, irreversible, alpha‑receptor antagonists
Phenoxybenzamine is the prototype nonselective and 
noncompetitive alpha-receptor antagonist drug being used 
for this specific indication. It has been used for alpha blockade 
in patients with PCC and PGL as far back as early 50’s ever 
since the advantages of preoperative preparation in decreasing 
perioperative morbidity and mortality were recognized. 
Phenoxybenzamine is initiated at doses of 10 mg every 
6–12 h and increased to 30–40 mg every 6 h to a maximum 

dose of 240 mg/day. It causes irreversible inactivation of 
alpha-receptors (both alpha-1 and alpha-2) by covalently 
bonding to the receptor molecule. Receptors need to be 
formed anew for reversal of the effect of phenoxybenzamine 
which may take up to 24–48 h after stopping the drug. The 
mechanism of action of phenoxybenzamine implies that the 
intraoperative hemodynamics are better controlled during 
tumor manipulation when patients are prepared with this 
drug while the incidence of postoperative hypotension 
requiring vasopressor infusion is usually more as compared 
to patients prepared with selective alpha-1antagonists. 
Studies, however, disproving[30,31] and asserting[32,33] both 
the assumptions exist. The drug crosses blood-brain barrier 
and leads to inactivation of centrally located alpha-1 and 
alpha-2 receptors and causes side effects such as headache 
and drowsiness. The other side-effects of phenoxybenzamine 
such as orthostatic hypotension, tachycardia, dizziness, and 
syncope are also more morbid and more profound than that 
seen in patients on selective alpha-1 receptor antagonists. 
This, along with the fact that phenoxybenzamine has now 
been withdrawn from a few countries, has now resulted in 
physicians favoring selective alpha-1 receptor antagonists for 
preoperative preparation in patients with PCC and PGL.[28]

Selective alpha‑1 receptor antagonists
The selective alpha-1 receptor antagonist drugs available are 
prazosin, doxazosin, and terazosin. The pharmacodynamics 
properties of all three drugs are given in Table 2. Selective 
alpha-1antagonists preferentially act on the alpha-1 
receptors and cause vasodilatation. Since the alpha-2 
receptors are spared the presynaptic release of NE is not 
enhanced, and thus severe tachycardia is avoided. The 
vasodilatation due to apha-1 receptor antagonism will also 
lead to tachycardia but a lesser degree than that seen with 
phenoxybenzamine. The antagonism by this class of drugs 
is reversible and depending on the pharmacodynamics of 
these drugs prolonged hypotension after tumor isolation is 
usually not seen. The commonest side effects seen with this 
class of drugs are vertigo, dizziness, malaise, mild headache, 
and gastrointestinal symptoms such as nausea, gastralgia, 
diarrhea, or vomiting. Postural hypotension can be quite 
severe especially with the initial doses; hence, the drug 
is usually started at bedtime and in low doses. Syncope, 
tachycardia, palpitations, fatigue, drowsiness, rash, flushes 
are the rarely encountered side-effects.[34]

Table 2: Pharmacokinetic properties of alpha‑receptor antagonists used for preoperative control of hypertension in patients with 
pheochromocytoma and paraganglioma
Drug class Drug Half‑life (h) Dose (mg/day) Dosing interval (doses/day)

Nonselective alpha-receptor antagonist Phenoxybenzamine 24* 30-240 2-3
Selective alpha-1 receptor antagonist Prazosin 2-3 2-24 4-6

Doxazosin 20-22 1-16 Once daily
Terazosin 12 1-20 1-2

*Effect of drug is sustained up to 24-48 h after stopping till new alpha-receptors are generated
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Prazosin is the most common used drug for this indication. 
The therapy with prazosin is usually initiated at 0.5–
1 mg per dose every 4–6 h and titrated to a maximum of 
20–24 mg/day. Many studies and reports have described 
good preoperative control of symptoms and adequate 
intraoperative alpha-blockade in patients prepared with 
prazosin preoperatively.[31-33]

Doxazosin is a longer acting drug and thus is usually 
required as once daily or twice daily dose. Despite being 
a longer acting drug refractory, hypotension after tumor 
removal requiring large amounts of intravenous fluids 
and vasopressor support is significantly less in patients 
pretreated with this drug as compared to patients who 
receive phenoxybenzamine.[35,36] Doxazosin is initiated at the 
dose of 1–2 mg/day and titrated to control of blood pressure 
up to a maximum dose of 16 mg/day.

Terazosin is also initiated at a dose of 1 mg/day and can be 
increased up to a maximum of 20 mg/day depending on 
goals of blood pressure control. It has a shorter half-life 
than doxazosin. Preoperative control of blood pressure for 
patients with PCC has been described in a few reports and 
it may be a suitable alternative to more commonly used 
prazosin and doxazosin.[37]

Beta‑receptor antagonists
Beta-blockers should never be used before initiation 
of alpha-blockade in patients with functional tumors 
as suppression of beta-1 mediated cardiac sympathetic 
drive before adequate arteriolar dilatation can lead to 
acute cardiac insufficiency and pulmonary edema.[38,39] 
Added therapy with beta-receptor antagonists is required 
to counteract the tachycardia induced by nonselective 
alpha-blockade or due to vasodilatation induced increase 
in heart rate. Tachycardia is also seen commonly in patients 
with E secreting tumors. The presence of arrhythmias, 
features of myocardial ischemia and cardiomyopathy due 
to excessive catecholamine secretion also warrant their 
use. Cardioselective beta-antagonists are desirable and 
have less side-effect than nonselective beta-antagonists. 
Various beta-blockers used for this indication and their 
doses are given in Table 3. Labetalol has both α-and 

beta-receptor blocking activity and may be used in lieu 
of pure beta-antagonists (but never as an alternative to 
alpha-antagonists).[40] Labetalol reduces the uptake of 
131I-MIBG and needs to be stopped 2 weeks before 131I-MIBG 
scintigraphy to avoid false negative test results.[41]

Calcium channel blockers
Calcium channel blockers have been used as primary 
therapy for blood pressure control[42,43] or as adjunct to 
alpha-antagonists[33,44] for preoperative optimization in 
patients with PCC and PGL. They are especially useful 
in normotensive patients and patients with paroxysmal 
hypertension with no elevation in baseline blood pressure.[26] 
Amlodipine (5–20 mg/day), nicardipine (60–90 mg/day), 
nifedipine (30–90 mg/day), verapamil (180–540 mg/day), 
and diltiazem (90–240 mg/day) are the commonly used 
calcium channel blockers.[40,44]

Vascular expansion
The catecholamines cause intense vasoconstriction through 
the alpha-1 receptors and initiation of alpha-blockade can 
lead to severe orthostatic hypotension. To counteract 
this hypotension patients are advised to increase fluid 
and salt intake. A patient may take 2–3 L of fluid (even 
more if acceptable to the patient) orally with 5–10 g of 
salt to increase the intravascular volume. If oral fluid and 
salt intake do not improve the orthostatic hypotension 
while the blood pressure of the patient still warrants 
antihypertensive therapy, crystalloids and colloids may 
be given intravenously. Serial hematocrit measurements 
give a guide to the effectiveness of volume expansion. 
Usually, a 5–10% fall in hematocrit is seen in well 
prepared patients. The fall in hematocrit is more a guide 
to the therapy rather than an end point for adequate 
volume expansion.

A patient may require 5–15 days of preoperative preparation 
with optimal alpha blocking drugs, increased oral fluids 
and salt intake and/or intravenous fluids before being 
“accepted” for surgery. The Endocrine Society Clinical 
Practice Guidelines also recommend a high-sodium 
diet and fluid intake to reverse catecholamine-induced 
blood volume contraction preoperatively and to prevent 
severe hypotension after tumor removal.[27] Monitoring 
and appropriate therapy for diabetes are also initiated in 
the preoperative period with oral hypoglycemic agents 
and/or insulin. Patients also need to undergo a battery of 
investigations to assess effect of catecholamine excess on 
end organs. The end organ most commonly affected is the 
heart, and due consideration should be paid to seek features 
of catecholamine or ischemia-induced cardiomyopathy. 
The goals of alpha-blockade have been arbitrarily defined 
by many authors [Table 4].[40,45,46] Clinically, however, these 
endpoints of alpha-blockade may not be clearly expressed 
due to the extremely variable features of the disease.

Table 3: Commonly used beta‑blockers for preoperative 
control of hypertension and tachycardia in patients with 
pheochromocytoma and paraganglioma
Drug Dose (mg/day)

Metoprolol 50-200
Atenolol 100
Bisoprolol 10-20
Carvedilol 12.5-50
Propranolol* 40-240
Labetalol** 400-1600

*Relatively nonselective beta-blocker. Use has however been described 
in preoperative preparation of patients with PCC, **Both alpha- and 
beta-receptor blocking properties. PCC: Pheochromocytoma
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ANAESTHETIC MANAGEMENT

All patients will require general anesthesia with endotracheal 
intubation irrespective of the type of surgical approach. 
Epidural catheter is usually inserted in patients undergoing 
open surgical removal of tumor. Apart from the basic 
standards of monitoring as recommended by American 
Society of Anaesthesiologists, invasive blood pressure (IBP) 
monitoring is imperative in these patients. Normotensive 
patients and patients with incidentalomas also need 
IBP monitoring for immediate diagnosis and treatment 
of intraoperative hypertensive spikes. Hemodynamic 
instability, while customary in patients with overt PCC and 
PGLs, is not unusual in patients with adrenal incidentalomas 
either. In a retrospective study involving intraoperative 
hemodynamic behavior and postoperative outcome in 
patients with incidentalomas, almost half of the patients had 
hemodynamic instability during handling of the tumor and 
PCC was suspected in 26% of the patients.[47] A close watch 
on the blood pressure is thus warranted and mandatory in 
these patients.

A central venous access is also desirable in these patients. 
This should ideally be acquired in a large bore vein, internal 
jugular, axillary, or subclavian with a multi-lumen catheter. 
Central venous access helps in guiding the fluid therapy in 
these apparently vasoconstricted (explained above) patients 
as well as provides access to central vascular compartment 
for infusion of vasodilators and vasoconstrictors when 
required. Insertion of central venous catheter, however, 
may not be mandatory in all patients. Many authors have 
described the management of these patients without central 
venous catheterization as well.[33,48] On the other hand, 
measurement of pulmonary capillary wedge pressure using 
Swan-Ganz catheters or other accurate methods to estimate 
cardiac filling pressures and function may be needed in 
patients with catecholamine or hypertension induced severe 
cardiomyopathy.[26,49] Usefulness of noninvasive methods 
for cardiac output estimation and stroke volume variation 
to diagnose fluid deficit has also been revealed in patients 
with PCC recently.[50,51] Fluid therapy is a vital but complex 
component of perioperative management in patients with 
PCC and PGL. While under-hydration will lead to severe 

hypotension after tumor resection over-hydration can lead 
to pulmonary edema and congestive heart failure in an 
already compromised heart.

The main complication anticipated during surgery is the 
hemodynamic instability, hypertension before tumor 
removal and hypotension after tumor isolation. Management 
of hypertension should be done with short acting and potent 
vasodilators. NE secretion will lead to intense hypertension 
with either bradycardia or tachycardia, the former being 
more common. Epinephrine secretion usually causes severe 
tachycardia but hypertension of lesser magnitude. Sodium 
nitroprusside and nitroglycerine are the two drugs which are 
commonly used for intraoperative control of hypertension 
and have established safety profile. Esmolol, a short-acting 
beta-receptor antagonist, is a useful adjunct to vasodilators 
for control of intraoperative hypertension and tachycardia. 
Many reports have tried to elucidate the factors which 
can affect the number and severity of these hypertensive 
episodes.[48,52,53] Anesthetic drugs,[23,38] tumor size[52,54] and 
site,[55] associated genetic syndrome,[56] plasma catecholamine 
levels,[52,57] and type of surgical approach[54,55,58] may influence 
the intraoperative hemodynamic stability in these patients. 
Bleeding is another important concern especially during 
resection of PGL situated in the intra-aortocaval groove 
which may further confound the complex hemodynamic 
management of these patients.

POSTOPERATIVE MANAGEMENT

The postoperative management will usually require an 
intensive care or high dependency unit admission. Once the 
tumor is isolated the withdrawal of catecholamine effect will 
result in hypotension. Fluid loading along with vasopressor 
infusion is required to counteract the hypotension. The 
incidence of hypotension is variably described as 20–70% 
in various reports and may somewhat be dependent on 
the use of nature of preoperative alpha-antagonist and 
intraoperative hypotensive agents.[32] Vasopressor/s infusion 
is usually required for a short duration only although 
reports of refractory and prolonged vasopressor use in 
the postoperative period do exist. Sudden catecholamine 
withdrawal after tumor removal also leads to rebound 
hyperinsulinemia which along with already depleted 
glycogen stores can lead to severe hypoglycemia in the 
postoperative period. Hourly blood sugar monitoring, at 
least for the initial 12–24 h of the postoperative period, is 
mandatory after the surgery.

CONCLUSION

Surgical removal of PCC and PGL alleviates the signs, 
symptoms and probable end organ damage due to 
catecholamine hypersecretion. Preoperative optimization has 

Table 4: Goals of preoperative alpha‑blockade
Blood pressure control for a minimum of 3-5 days
Systolic blood pressure value <130 mmHg*
Diastolic blood pressure values <80 mmHg*
Heart rate <80 beats/min
Orthostatic hypotension with blood pressure >80/45 mmHg
Ventricular arrhythmias <1 in 5 min
No ST-T wave changes in ECG
Hematocrit <45

The values may differ according to various institutional protocols and 
author preferences. *BP of <160/90 mmHg may be acceptable according 
to few authors. BP:Blood pressure, ECG:Electrocardiography
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played an important role in decreasing the high incidence of 
perioperative morbidity and mortality historically associated 
with these surgical procedures. Alpha-receptors blockade, 
especially with selective alpha-1 receptor antagonists, is thus 
vital in these patients preoperatively. Adjunct antihypertensive 
therapy includes beta-antagonists and calcium channel 
blockers. Adequate vascular volume replacement with oral 
fluids and salt is essential to avoid exaggerated fall in blood 
pressure perioperatively. Intensive hemodynamic monitoring 
instituted intraoperatively may need to be continued in the 
postoperative period as well to tide over the initial period of 
hypotension after tumor removal.
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