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Abstract
Pheochromocytoma is a tumor that originates from either 

chromaffincells in adrenal medulla or in other paraganglia 
tissues of the sympathetic nervous system. The periope
rative management is quite challenging especially in 
view of hemodynamic fluctuations. Pheochromocytoma 
is challenging in view of the impact of excessive and 
depleted catecholamines in the perioperative period. 
It requires a through preoperative evaluation and op
timization with meticulous intraoperative management. 
The postoperative period requires vigilance to prevent 
any untoward complication. In this review we review 
these concepts based on recent evidence for an optimal 
outcome.
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Core tip: The paper is a comprehensive review of the 
most important pathophysiological and diagnostic issues, 
preoperative optimization, and anesthesia management 
of pheochromocytoma. It describes advanced imaging 
and biochemical techniques for diagnosis and localis
ation. Once considered nightmare by anaesthesiologist, 
pheochromocytoma have improved outcome nowadays 
due to widely available vasoactive drugs, monitors and 
perioperative care. Also, availability of laparoscopic and 
robotic adrenal-sparing adrenalectomy has reduced 
hospital stay and hastened recovery.
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INTRODUCTION
Pheochromocytoma is a tumor that originates from 
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either chromaffin cells in adrenal medulla or in other 
paraganglia tissues of the sympathetic nervous system. 
Adrenal is the origin for majority of tumor accounting 
80% and rest are from extra adrenal site[1]. Majority of 
them are benign and may be associated with familial 
syndromes like multiple endocrine neoplasia (MEN) 
syndromes, von Recklinghausen disease or von Hippel-
Lindau (VHL) syndrome in 10% of the patients. In a few 
patients pheochromocytoma have been found arising 
from atypical sites like head and neck, pericardium, 
inferior mesenteric artery (the organ of Zuckerkandl), 
aortic bifurcation, other chromaffin tissue in the 
abdomen, pelvis, and thorax[2,3].

GENETIC MUTATIONS AND 
PHEOCHROMOCYTOMA
The formerly used rule of 10 for pheochromocytoma 
(10% of tumors are malignant, bilateral and extra 
adrenal) is not convincing with present evidence[4]. 

Pheochromocytoma may occur sporadically in majority 
of cases but as high as 40% children and 25% adults 
may have an associated gene mutation[5,6]. Hereditary 
pheochromocytoma may be associated with MEN type 
2 with RET proto-oncogene mutation, VHL syndrome 
with VHL gene mutations, von Recklinghausen disease 
with NF1 gene mutation and succinate dehydrogenase 
subunit D genes mutation in familial non-syndromic 
pheochromocytoma[5-7]. Despite multiple gene mutations 
have been associated with pheochromocytoma, the 
testing for gene mutations in all the cases is not 
considered appropriate and is not cost effective.

CLINICAL PRESENTATION
The presenting signs and symptoms are primarily due 
to release of catecholamine or their metabolites in the 
body[1,8-12]. Most of the pheochromocytoma sites except 
head and neck tumors (less than 5%) produce, store, 
metabolize and secrete catecholamines or their meta
bolites[8]. The usual symptoms include hypertension, 
palpitations, headache, sweating, fatigue, nausea, 
weight loss, constipation, flushing, fever and pallor. 
The prolonged exposure of increased concentrations of 
catecholamines may result in dilated cardiomyopathy, 
ventricular failure, myocardial infarction, arrhythmia, 
stroke or other vascular ischemic symptoms. The clas
sical triad of headache, sweating and palpitations may 
be seen in up to 40% of patients[9,10]. Headache and 
hypertension occur in predominantly norepinephrine 
secreting tumors whereas other symptoms like palpita
tions, sweating, anxiety, panic etc suggest epinephrine 
or dopamine secretion[11]. Stimulation of sympathetic 
nervous system may release neither excessive quan
tities of norepinephrine into the synaptic cleft. Due 
to proximity of norepinephrine to its receptors, the 
response is exaggerated even with small increments and 
patient may present hypertensive crises.

In addition a number of metabolic derangements like 
diabetes (decreased insulin and increased hepatic glucose 
output), lactic acidosis, hypercalcemia (parathyroid 
adenomas), diarrhea and fluid and electrolyte imbalance 
(vasoactive intestinal peptide secreting tumors) may also 
be seen in some patients with pheochromocytoma[10-12]. 
Some patients may be asymptomatic due to receptor 
down regulation. In such patients, the sympathetic 
reflexes may be blunted, leading to severe hypotension 
and shock during unrelated surgery. The symptoms of 
pheochromocytoma may also be mimicked by many 
endocrine (hyperthyroidism, menopausal syndrome, 
carcinoid), cardiovascular (heart failure, arrhythmias), 
ischemic heart disease and neurological (migraine, 
stroke) diseases. So, we need to confirm the diagnosis 
with further testing[12].

DISCUSSION
Once the signs and symptoms are suggestive of 
pheochromocytoma, the diagnosis can be confirmed 
by plasma epinephrine, norepinephrine and urinary 
catecholamine metabolite [vanillyll mandelic acid 
(VMA)][1,8,11,13-15]. But since the catecholamines may be 
released sporadically, these tests have low sensitivity 
and low specificity. The excessive production of cate
cholamines is metabolized in the tumor by catechol-
o-methyl transferase to metanephrins which can be 
measured in the plasma[8]. They have a sensitivity of 
99% (negative tests rule out pheochromocytoma) and 
should be carried out as the first test in patients with 
clinical symptoms and normal catecholamines[11,13]. 
Also high plasma metanephrin to epinephrine and 
normetanephrine to norepinephrine ratios are suggestive 
of pheochromocytoma. The 24 h urinary metanephrins 
has been found to have high sensitivity (97%) for pheo
chromocytoma. The product of normalised metanephrin 
and normetanephrine (100% sensitive and 99% 
specific) and serum chromogranin A have also been 
used for diagnostic purpose[14,15]. 

The other tests reported include clonidine supp
ression test glucagon stimulation test and selective 
adrenal vein sampling (not done now days)[13-15]. In 
clonidine suppression test, plasma epinephrine and 
norepinephrine are measured before and 3 h after 
0.3 mg clonidine. In pheochromocytoma there will be 
less than fifty percent reduction in epinephrine and 
norepinephrine and less than 40% reduction plasma 
metanephrin values[14].

LOCALIZATION
Once the diagnosis is confirmed by history and bio
chemical testing, we need to localize the tumor to 
decide the treatment plan[1,8,9,16]. Surgical resection is 
the only curative procedure for these tumors. Both 
magnetic resonance imaging (MRI) and computerized 
tomography (CT) provide accurate and consistent 
anatomical identification of adrenal tumors as small as 
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1 cm in the majority of cases[16]. Contrast enhanced CT 
further increases its sensitivity but MRI is slightly better 
than CT. Gadolinium enhanced MRI can be used in 
children, pregnancy and patients with contrast allergy. 
In extra adrenal, metastatic and recurrent tumors, the 
sensitivity of both MRI and CT decreases (< 90%)[9,16]. 

Such cases need to be identified with radio nucleotide 
[meta-iodobenzyl guanidine (MIBG)] testing. MIBG has 
specificity as high as 100% but it may be taken up by 
neuroblastomas, medullary carcinoma thyroid, carcinoid 
and small cell carcinomas of lung. Also certain drugs like 
labetolol, reserprine, calcium channel blockers and some 
tricyclic antidepressants may interfere with uptake of 
MIBG and give false negative tests.

The positron emission tomography scan are nowa
days available and become important in cases where 
conventional imaging is unable to detect the tumor in 
patients with positive biochemical testing[16]. 

PREOPERATIVE PHARMACOLOGICAL 
CONTROL
The control of symptoms due to excessive release of 
catecholamines are essential as preoperative pharmaco
logical preparation reduces the mortality to less than 
3%[9,10,13,16-23]. The surgery is rarely an emergency and 
anesthesiologist has time to optimize to control blood 
pressure, heart rate and arrhythmias. The advantages 
of preparation are: (1) Decreased vasoconstriction 
and restoration of vascular volume; (2) Normalization 
of hematocrit; (3) Symptom control; (4) Reversal of 
myocardial ischemia; and (5) Reduced intraoperative 
hemodynamic fluctuations.

Pharmacological agents
Various drugs have been used to achieve the optimal 
status prior to surgical intervention[16-23]. These include:

Alpha blockers: Phenoxybenzamine is a non-selective 
α blocker and is considered the main stay of perioper
ative control. It has a long duration of action and allows 
twice daily ingestion[16]. It can be administered orally (10 
mg twice a day upto 1 mg/kg per day) or intravenous 
(0.5 mg/kg per day over 5 h for 3 d). It takes 2-3 
wk for treatment to be effective. It produces a non-
competetive blockade of the receptor that prevents the 
effects of surges of catecholamines during preoperative 
period. This also blocks the α2 adrenoreceptor and 
prevents feedback inhibition exercised by presynaptic 
adrenergic neurons leading to uninhibited release of 
norepinephrine at the cardiac sympathetic nerve endings 
and consequent undesirable chronotropic and inotropic 
side effects. Also, it is a non competitive blocker and 
has a long duration of action. Beta-blockers are given 
to control tachycardia. It may also lead to side effects 
due to central α2 blockade like somnolence, peripheral 
edema, headache, stuffy nose, etc.

Selective α1 blockers: Doxazosin, prazosin and 
tetrazosin are also used for optimization and lack reflex 
tachycardia[16,17]. They may produce profound hypo
tension due to uninhibited norepinephrine reuptake 
and its inhibition at postsynaptic α1 receptors. They 
are usually administered at bedtime with adequate 
hydration. Doxazosin is administered as a single dose 
(1-16 mg); prazosin and tetrazosin are administered 
4-6/h. A preoperative blockade of 2-3 wk is required to 
optimize myocardial function.

Beta blockers: β blockers given in perioperative 
period limit the signs and symptoms due to increased 
circulating catecholamines (supraventricular and 
ventricular arrhythmias) and control tachycardia due to 
α blockade[16]. If a β blocker is started before effective 
α receptor blockade, the vasoconstrictor effects of 
α receptor go unopposed may produce dangerous 
hypertension[19]. Cardio selective agents like atenolol 
(25-50 mg) and metoprolol (50 mg) are preferred 
drugs. Labetalol β blockade capability is more than α 
blockade capability (1:7) and it also interferes with 
imaging by preventing uptake of 131I MIBG. 

Calcium channel blockers: (Amlodipine 10-20 
mg/d, nicardipine 30-90 mg/d or verapamil 180-240 
mg/d) inhibit NE-induced intracellular calcium influx 
and prevent catecholamine-induced coronary spasm, 
myocarditis, and attenuate hypertensive responses to 
noxious stimuli. They do not produce hypotension and 
are preferred in normotensive patients with occasional 
episodes of paroxysmal hypertension[16]. Clevidipine 
butyrate is an intravenous an ultrashort-acting, third-
generation dihydropyridine calcium channel blocker 
that inhibits calcium influx in arterial smooth muscle, 
causes arterial vasodilation and decreases in peripheral 
vascular resistance. It is a novel agent for hemodynamic 
control in the management of pheochromocytoma 
before a tumor resection[20]. Clevidipine has a fast 
onset (1-2 min), is rapidly titratable, has a fast offset 
(5-15 min), and has proven safety and efficacy for 
acute perioperative hypertension. Since its preparation 
contains soybean oil and egg yolk phospholipids, it is 
contraindicated in patients with soybean, soy product, 
egg, or egg product allergies and in patients with lipid 
metabolism deficiencies[20]. 

Alpha-methylpara tyrosine: Methyl-para-tyrosine 
(MPT) is a competitive inhibitor of tyrosine hydroxylase 
(rate-limiting step in catecholamine biosynthesis)[16,18]. 

This reduces catecholamine stores and their release on 
stimulation of the tumor. In MPT is especially useful in 
extensive metastatic disease to control refractory blood 
pressure or in patients in which conventional drugs are 
not tolerated due to side effects (heart failure: β blocker 
and tachycardia: α blocker). Its use in combination with 
α blocker has shown to result in a better blood pressure 
control and less need for use of antihypertensive 

85 November 27, 2015|Volume 4|Issue 3|WJA|www.wjgnet.com

Gupta A et al . Pheochromocytoma and perioperative management



transabdominal approach may be required. Recently 
laproscopic transperitoneal resection of the tumor 
is being done. Anesthetic plan will depend upon the 
surgical approach and patient positioning. Good com
munication between anesthesiologist and surgeon is 
important during the perioperative period[25].

Premedication
Preoperative sedation and good communication by the 
anesthesiologist help in decreasing anxiety and prevent 
marked hemodynamic fluctuations in the immediate 
perioperative period. Oral benzodiazepines and H2 
receptor antagonist can be given. Short acting selective 
α-1 adrenergic blockers should be administered in 
the morning of surgery but longer acting drugs (Phen
oxybenzamine/doxazosin) should be stopped 12-24 h 
prior to schedule surgery[25] (Table 1).

Operating room preparation
The infusions of hypotensive drugs [sodium nitr
oprusside (SNP) 0.01%, nitroglycerine (NTG) 0.1%, 
esmolol 1 mg/mL and norepinephrine 40 mcg/mL] 
and vasoactive drugs (magnesium sulfate, labetalol, 
diltiazem, nicardipine and lidocaine 2%) needs to 
be prepared in the operating room. Fluids in form of 
colloids, crystalloids, blood and blood products should be 
readily available (Table 2). 

Anesthesia induction and maintenance
Two large bore (14G) peripheral intravenous access 
should be secured. The pain and anxiety associated 
with these procedures can lead to sudden hypertensive 
response. Invasive lines like radial artery and central 
venous cannulation should be secured under local 
anesthetic infiltration supplemented with intravenous 
midazolam. The monitoring includes continuous electro
cardiogram, pulse oximeter, capnograph, temperature 
and urine output. The invasive monitoring includes 
central venous pressure and invasive arterial blood 
pressure monitoring. 

Anesthesia induction and tracheal intubation must 
be smooth and hemodynamic response to intubation 
should be avoided. Various drugs/techniques have 
been used to blunt sympathetic response such as 
nitroprusside, nitroglycerin, magnesium sulfate, urapidil, 
opioids (fentanyl, remifentanyl), esmolol, nicardipine, 
and lidocaine have been described. 

Induction of anesthesia
Almost all induction agents have been used safely 
and the choice of drugs depends upon institutional 
and individual practice. Both thiopentone and propofol 
are the commonly used drugs during induction of 
anesthesia. Propofol is preferred because it produces 
vasodilatation and blunts to the hypertensive response 
to laryngoscopy and intubation[26]. Etomidate is also 
recommended due to its cardiovascular stability[27,28]. 
The use of all the drugs that increase sympathetic tone 

medication or pressors during surgery. However, its 
usefulness is limited due to associated side effects like 
diarrhea, crystalluria, depression, galactorrhea, anxiety 
and extra pyramidal symptoms. 

Magnesium sulfate: It inhibits the release of catecho
lamine, directly inhibits catecholamine receptors, and 
is a calcium antagonist. It attenuates catecholamine 
release due to noxious stimuli (e.g., endotracheal 
intubation) and abolishes the arrhythmias induced by 
epinephrine. It also profoundly dilates the arterioles, 
reduces the peripheral vascular resistance (after load), 
and exerts minimal effect on venous return (preload)[16,22]. 
The beneficial effects are more pronounced during 
the peri-operative period and thus, can be considered 
an attractive option for catecholamine blockade in 
patients undergoing tumor resection[22]. It has been 
found effective for resection of pheochromocytoma in 
children, during pregnancy and patients presenting 
with arrhythmias[23]. Its use is associated with sedation, 
prolonged neuromuscular blockade and muscle weakness.

α2-agonists: Clonidine is a well-known presynaptic α2-
adrenoreceptors agonist. It reduces sympathetic tone 
reduces blood pressure and anesthetic requirements[16]. 

Dexmedetomidine is a selective α2-adrenoceptor 
agonist and has sedative and analgesic properties. 
The decreased BP and heart rate are attributed to the 
decreased catecholamine levels. It can blunt sympatho-
adrenal responses to tracheal intubation and surgical 
stimuli[21].

PREOPERATIVE MANAGEMENT 
The objectives of preoperative evaluation are to ensure 
adequate α blockade, assess myocardial function, 
minimize organ complications, ensure normovolemia 
and correct hyperglycemia and electrolyte abnormalities. 
Adequacy of blockade is assessed using Roizen’s 
criteria[24]: (1) BP < 160/80 mmHg; (2) Orthostatic 
hypotension not less than 80/60 mmHg; (3) No more 
than 1 ventricular premature contractions (VPC) in 5 
min; and (4) No new ST-T changes on the ECG over the 
last week.

The achievement of these parameters suggests 
an optimization of the patient with regards to effect of 
catecholamine. Also, the cardiovascular evaluation needs 
to be done and includes a baseline ECG for evaluation 
of any myocardial ischemic changes, left ventricular 
hypertrophy and/or strain. An echocardiogram may 
further detect ventricular dysfunction, evaluate improve
ment with therapy and diagnose dilated cardiomyopathy. 

ANESTHETIC MANAGEMENT[25-29]

The anesthetic management and monitoring during 
surgery will depend upon the extent of surgical 
approach. Traditionally the surgery is performed in 
open lateral retroperitoneal approach but sometimes 
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or may precipitate hypertensive crisis, such as ketamine, 
ephedrine, pancuronium and metoclopramide must be 
avoided[27,28]. Droperidol may cause hypertensive crisis 
and should be avoided[29].

Inhalation agents
Sevoflurane is preferred because it is cardio-stability and 
lack of arrhythmogenic potential[30]. Isoflurane lowers 
peripheral vascular resistance and blood pressure and 
can be used[31]. Halothane (arrhythmia potential) and 
desflurane (sympathetic stimulation) are not preferred 
in pheochromocytoma[32].

Muscle relaxants
During induction, use of succinylcholine can be hazar
dous as it may stimulate the autonomic ganglia (cause 
arrhythmia) and fasciculations due to succinylcholine 
may squeeze the gland and precipitate hypertensive 
crisis[33]. Atracurium and tubocurarine release histamine 
and should be avoided[34]. The recommended drugs are 
vecuronium, rocuronium and cisatracurium[27,28]. 

Total intravenous anaesthesia
Propofol and remifenatnyl are hemodynamically safe 
and decrease heart rate (central vagal nuclei stimu
lation). Remifentanil is an ultrashort acting opioid and 
acts by binding to μ‑receptors in brain, spinal cord, and 
peripheral neurons[35]. Propofol is also a short acting 
drug which acts by increasing inhibitory γ-aminobu
tyric (GABA) synapses and inhibiting glutamate. 
Both the drugs together decrease the hemodynamic 
response during pheochromocytoma resection. The 
pharmacological profile of these drugs makes total 
intravenous anesthesia a safe anesthetic choice for such 
patients[36]. Recently, dexmedetomidine has also being 
used to provide a satisfactory preoperative sedation and 
intraoperative hemodynamic control. It also reduces 
anesthetic requirements and improves postoperative 
analgesia. Dexmedetomidine has been described 
recently for pheochromocytoma resection in an adult[27].

Intra operative hypertensive crises
During the intraoperative period, hypertension can occur 
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Drug name Dosages Additional information

Phenoxybenzamine 60-50 mg Dizziness, headache, nasal stuffiness peripheral edema and prolonged hypotension 
(long postoperative blockade)

Doxazosin 2-6 mg Short acting, no prolonged hypotension
Beta blockers
   Propranolol 80-120 mg Careful in patients with asthma, conduction disturbances, severe heart failure. May 

cause severe bradycardia and postural hypotension   Metoprolol 50-100 mg
   Labetalol 5-10 mg q5 min
Calcium channel blockers 
   Verapamil  120-240 mg Careful in patients with n AV blocks, hypovolemia, sinus sick syndrome, and heart 

failure   Diltiazem 180 mg
   Nifedipine 30-90 mg Side effects: Elevated liver enzymes, headache, constipation, dizziness, fatigue, edema
Clonidine 0.1-1.2 mg
Dexmedetomidine 1 mg/kg in 10 min, 

0.7 mg/kg per hour infusion
Dizziness, rebound hypertension side effects: depression, anxiety, dry mouth, 
bradycardia

Magnesium sulfate 1-8 mg loading dose, 
1-4 mg/h maint

Potentiates neuromuscular blockade, caution in heart block and renal failure

Urapidil  10-15 mg/h Caution because of severe hypotension
Alpha methyl-p-tyrosine  1-4 g/d Crystaluria, extra-pyramidal and psychic disturbances

Table 1  Drugs commonly used in preoperative preparation of pheochromocytoma

Drug Dosages Additional information

Fenoldopam 0.2 mg/kg per minute Tachycardia, hypokalemia
Cautions in patients with CVA

Sodium nitroprusside 1-2 mg/kg per minute Cyanide toxicity, reflex tachycardia, severe hypotension 
Nitroglycerine 25-250 mg/min Reflex tachycardia, tachyphylaxis

Methemoglobinemia, cerebral vazodilation
Nicardipine 5.0 mg/h Hypotension, bradycardia, heart failure, WPW syndrome
Phentolamine 1-5 mg Minimum side effects
Beta blockers Careful in patients with asthma, conduction disturbances, severe heart failure. May 

cause severe bradycardia and postural hypotension. May potentiate effect of other 
drugs (like CCB)

   Esmolol 5-10 mg × 3 min
   Metoprolol 2.5-5 mg × 2 min
   Labetalol 5-10 mg
Epinephrine 1-20 mg/min Α and β agonist, positive inotropic, chronotropic effect and increases BP
Norepinephrine 1-30 mg/min α/β1 agonist, decreases organ blood flow
Dopamine 5-20 mg/kg per minute α/β/dopamine dose dependent agonist, may cause tachycardia and dysrthymias
Vasopressin 0.1-0.4 units/min May cause MI

Table 2  Commonly used drugs during resection of pheochromocytoma
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during induction, insertion of central lines, intubation, 
surgical incision, creation of pneumoperitoneum and 
tumor manipulation[37]. Risk factors for intraoperative 
hemodynamic instability include large tumor, baseline 
mean arterial pressure more than 100 mmHg and a high 
plasma norepinephrine concentration. Hemodynamic 
crisis may be due to epinephrine or norepinephrine 
release. Epinephrine induced crisis will present with 
tachyarrhythmia (paroxysmal supraventricular tachy
cardia, VPCs and ventricular arrhythmias) with increased 
systolic blood pressure and diastolic blood pressure (> 
100 mmHg)[26,27,37]. Drugs like esmolol (0.5-1 mg/kg 
intravenous bolus or infusion), labetalol 5-10 mg intrav
enous, adenosine or intermittent boluses of metoprolol 
(1-2 mg intravenous) will help in controlling the crises. 
Amiodarone or lidocaine may be required in patients with 
poor left ventricular function. Norepinephrine crises are 
more common and characterized by severe bradycardia 
with profound hypertension. Rapid intravenous infusion 
of SNP through the central vein is usually effective, 
but esmolol needs to be added to control resultant 
tachycardia. The hypertension can also be controlled 
by deepening the anaesthesia or use of drugs like nicar
dipine, NTG, magnesium, etc. A combination of nicar
dipine (titrable short‑acting calcium channel blocker) and 
esmolol (titrable ultrashort acting selective β1‑receptor 
antagonist) can be used as an alternative especially 
in asthmatic patients[26,27]. Fenoldopam (dopamine1 
receptors agonist) is a suitable titrable drug (dose of 0.2 
mg/kg per minute) and causes peripheral vasodilatation 
and reduces blood pressure[37]. 

After the adrenal gland has been removed, severe 
hypotension may be result due to blood volume depletion 
(because of diuretics), residual action of vasodilators, 
bleeding, catecholamine withdrawal, adrenoceptor 
down regulation and steroid withdrawal (bilateral 
adrenalectomies)[26,27]. Initial treatment should be 
volume replacement upto 2-4 L to restore CVP to 10-12 
mmHg. If ineffectivewe may require combination of 
multiple inotropes like epinephrine, norepinephrine, 
neosynephrine (pure α‑adrenergic agonist), ephedrine, 
dopamine and vasopressin.

ANALGESIA
Epidural analgesia and spinal anesthesia have been 
used in patients planned for open procedures with large 
incisions[26,27]. However, a combination of central neuraxial 
block with general anaesthesia must be balanced 
against the risk of hypertension during its placement and 
possibility of post-excision hypotension[38,39]. Drugs like 
morphine (histamine release) and pethidine (sympathetic 
stimulation) are not preferred in pheochromocytoma. 
Fentanyl is a potent opioid and can be used as bolus (3-5 
μg/kg) or infusion (1-2 μg/kg per hour)[27]. Non-steroidal 
anti-inflammatory drugs provide analgesia in patients 
with laparoscopic and robotic-assisted adrenalectomy.

Now days, laparoscopic arenalectomy and more 

recently, robotic-assisted adrenalectomy is being 
done[40-42]. These may be associated with reduced blood 
loss and vasodilator use, due to decreased/delicate 
tissue handling. It also produces less postoperative pain, 
decreases hospital stay and recovery period. Laparo
scopic approach may not be feasible in cases of invasive 
carcinoma also. Carbon dioxide pneumoperitoneum can 
induce catecholamine release by a pheochromocytoma, 
leading to increase mean arterial pressure and central 
venous pressure[43,44]. 

POSTOPERATIVE MANAGEMENT
Approximately half of patients remain hypertensive 
for a few days due to elevated catecholamine stores 
in adrenergic nerve endings, which tend to persist for 
1 wk after resection[26,27]. Persistent hypertension may 
indicate fluid excess, return of autonomic reflexes, 
inadvertent ligation of a renal artery, or presence of 
residual tumor.

Some patients may have persistent hypotension due 
to blood loss, altered vascular compliance, and residual 
preoperative adrenergic blockade. Postoperative blood 
glucose monitoring should be done because hypog
lycaemia has been reported. Patient operated for 
arenalectomy may have postoperative drowsiness/
unconsciousness and may be related to hypoglycemia, 
depletion of CNS catecholamine and multiple episodes 
of hypertensive crises intraoperatively may lead to 
cerebrovascular accident[44].

To conclude, pheochromocytoma is a challenging 
in view of the impact of excessive and depleted cate
cholamines in the perioperative period. It requires 
although preoperative evaluation and optimization 
with meticulous intraoperative management. The 
postoperative period requires vigilance to prevent any 
untoward complication.

REFERENCES
1	 Lenders JW, Eisenhofer G, Mannelli M, Pacak K. Phaeochro

mocytoma. Lancet 2005; 366: 665-675 [PMID: 16112304 DOI: 
10.1016/S0140-6736(05)67139-5]

2	 Manger WM, Gifford RW. Pheochromocytoma. J Clin Hypertens 
(Greenwich) 2002; 4: 62-72 [PMID: 11821644 DOI: 10.1111/j.1524
-6175.2002.01452.x]

3	 De Lellis RA, Lloyd RV, Heitz PU, Eng C. Tumours of Endocrine 
Organs. Lyon: IARC Press, 2004

4	 Elder EE, Elder G, Larsson C. Pheochromocytoma and functional 
paraganglioma syndrome: no longer the 10% tumor. J Surg Oncol 
2005; 89: 193-201 [PMID: 15719371 DOI: 10.1002/jso.20177]

5	 Neumann HP, Bausch B, McWhinney SR, Bender BU, Gimm O, 
Franke G, Schipper J, Klisch J, Altehoefer C, Zerres K, Januszewicz 
A, Eng C, Smith WM, Munk R, Manz T, Glaesker S, Apel TW, 
Treier M, Reineke M, Walz MK, Hoang-Vu C, Brauckhoff M, 
Klein-Franke A, Klose P, Schmidt H, Maier-Woelfle M, Peçzkowska 
M, Szmigielski C, Eng C. Germ-line mutations in nonsyndromic 
pheochromocytoma. N Engl J Med 2002; 346: 1459-1466 [PMID: 
12000816 DOI: 10.1056/NEJMoa020152]

6	 Brouwers FM, Eisenhofer G, Tao JJ, Kant JA, Adams KT, Linehan 
WM, Pacak K. High frequency of SDHB germline mutations in 
patients with malignant catecholamine-producing paragangliomas: 

88 November 27, 2015|Volume 4|Issue 3|WJA|www.wjgnet.com

Gupta A et al . Pheochromocytoma and perioperative management



implications for genetic testing. J Clin Endocrinol Metab 2006; 91: 
4505-4509 [PMID: 16912137 DOI: 10.1210/jc.2006-0423]

7	 Timmers HJ, Kozupa A, Eisenhofer G, Raygada M, Adams KT, 
Solis D, Lenders JW, Pacak K. Clinical presentations, biochemical 
phenotypes, and genotype-phenotype correlations in patients with 
succinate dehydrogenase subunit B-associated pheochromocytomas 
and paragangliomas. J Clin Endocrinol Metab 2007; 92: 779-786 
[PMID: 17200167 DOI: 10.1210/jc.2006-2315]

8	 Nguyen-Martin MA, Hammer GD. Pheochromocytoma: an update 
on risk groups, diagnosis and management. Hosp Physician 2006; 2: 
17-24

9	 Bravo EL, Tagle R. Pheochromocytoma: state-of-the-art and future 
prospects. Endocr Rev 2003; 24: 539-553 [PMID: 12920154 DOI: 
10.1210/er.2002-0013]

10	 Bravo EL. Pheochromocytoma: new concepts and future trends. 
Kidney Int 1991; 40: 544-556 [PMID: 1787652 DOI: 10.1038/
ki.1991.244]

11	 Kinney MA, Narr BJ, Warner MA. Perioperative management of 
pheochromocytoma. J Cardiothorac Vasc Anesth 2002; 16: 359-369 
[PMID: 12073213 DOI: 10.1053/jcan.2002.124150]

12	 Liao WB, Liu CF, Chiang CW, Kung CT, Lee CW. Cardiovascular 
manifestations of pheochromocytoma. Am J Emerg Med 2000; 18: 
622-625 [PMID: 10999582 DOI: 10.1053/ajem.2000.7341]

13	 Prys-Roberts C. Phaeochromocytoma--recent progress in its 
management. Br J Anaesth 2000; 85: 44-57 [PMID: 10927994 DOI: 
10.1093/bja/85.1.44]

14	 Lenders JW, Pacak K, Walther MM, Linehan WM, Mannelli M, 
Friberg P, Keiser HR, Goldstein DS, Eisenhofer G. Biochemical 
diagnosis of pheochromocytoma: which test is best? JAMA 2002; 
287: 1427-1434 [PMID: 11903030 DOI: 10.1001/jama.287.11.1427]

15	 Eisenhofer G, Goldstein DS, Walther MM, Friberg P, Lenders JW, 
Keiser HR, Pacak K. Biochemical diagnosis of pheochromocytoma: 
how to distinguish true- from false-positive test results. J Clin 
Endocrinol Metab 2003; 88: 2656-2666 [PMID: 12788870 DOI: 
10.1210/jc.2002-030005]

16	 Pacak K, Eisenhofer G, Ahlman H, Bornstein SR, Gimenez-
Roqueplo AP, Grossman AB, Kimura N, Mannelli M, McNicol AM, 
Tischler AS. Pheochromocytoma: recommendations for clinical 
practice from the First International Symposium. October 2005. Nat 
Clin Pract Endocrinol Metab 2007; 3: 92-102 [PMID: 17237836]

17	 Prys-Roberts C, Farndon JR. Efficacy and safety of doxazosin for 
perioperative management of patients with pheochromocytoma. 
World J Surg 2002; 26: 1037-1042 [PMID: 12192533 DOI: 
10.1007/s00268-002-6667-z]

18	 Steinsapir J, Carr AA, Prisant LM, Bransome ED. Metyrosine and 
pheochromocytoma. Arch Intern Med 1997; 157: 901-906 [PMID: 
9129550 DOI: 10.1001/archinte.1997.00440290087009]

19	 Sibal L, Jovanovic A, Agarwal SC, Peaston RT, James RA, 
Lennard TW, Bliss R, Batchelor A, Perros P. Phaeochromocytomas 
presenting as acute crises after beta blockade therapy. Clin 
Endocrinol (Oxf) 2006; 65: 186-190 [PMID: 16886958 DOI: 
10.1111/j.1365-2265.2006.02571.x]

20	 Levy JH, Mancao MY, Gitter R, Kereiakes DJ, Grigore AM, 
Aronson S, Newman MF. Clevidipine effectively and rapidly controls 
blood pressure preoperatively in cardiac surgery patients: the results 
of the randomized, placebo-controlled efficacy study of clevidipine 
assessing its preoperative antihypertensive effect in cardiac 
surgery-1. Anesth Analg 2007; 105: 918-925, table of contents 
[PMID: 17898366 DOI: 10.1213/01.ane.0000281443.13712.b9]

21	 Varon J. Treatment of acute severe hypertension: current and newer 
agents. Drugs 2008; 68: 283-297 [PMID: 18257607 DOI: 10.2165/
00003495-200868030-00003]

22	 Masamune T, Ishiyama T, Kawamura A, Suzuki M, Oguchi T, 
Kashimoto S, Kumazawa T. [Use of magnesium sulfate during 
resection of pheochromocytoma]. Masui 2002; 51: 516-517 [PMID: 
12058437]

23	 James MF, Cronjé L. Pheochromocytoma crisis: the use of magn
esium sulfate. Anesth Analg 2004; 99: 680-686, table of contents 
[PMID: 15333393 DOI: 10.1213/01.ANE.0000133136.01381.52]

24	 Roizen MF, Hunt TK, Beaupre PN, Kremer P, Firmin R, Chang 

CN, Alpert RA, Thomas CJ, Tyrrell JB, Cahalan MK. The effect 
of alpha-adrenergic blockade on cardiac performance and tissue 
oxygen delivery during excision of pheochromocytoma. Surgery 
1983; 94: 941-945 [PMID: 6648809]

25	 Boutros AR, Bravo EL, Zanettin G, Straffon RA. Perioperative 
management of 63 patients with pheochromocytoma. Cleve Clin J 
Med 1990; 57: 613-617 [PMID: 2121390 DOI: 10.3949/ccjm.57.7.6 
13]

26	 Roizen MF. Diseases of the endocrine system. In: Benumof JL, 
editor. Anesthesia and Uncommon Diseases. Philadelphia, PA: 
Saunders, 1998: 255-273

27	 O’Riordan JA. Pheochromocytomas and anesthesia. Int 
Anesthesiol Clin 1997; 35: 99-127 [PMID: 9444533 DOI: 10.1097/
00004311-199703540-00008]

28	 Sumikawa K, Amakata Y. The pressor effect of droperidol on a 
patient with pheochromocytoma. Anesthesiology 1977; 46: 359-361 
[PMID: 851247 DOI: 10.1097/00000542-197705000-00014]

29	 Khetarpal M, Kulkarni D, Gambhir R, Rao SM. The effective 
use of Sevoflurane during resection of phaeochromocytoma. Ind J 
Anaesth 2005; 49: 137-139

30	 Maze M, Smith CM. Identification of receptor mechanism 
mediating epinephrine-induced arrhythmias during halothane 
anesthesia in the dog. Anesthesiology 1983; 59: 322-326 [PMID: 
6137172 DOI: 10.1097/00000542-198310000-00009]

31	 Lippmann M, Ford M, Lee C, Ginsburg R, Foran W, Raum W, 
Klein S. Use of desflurane during resection of phaeochromocytoma. 
Br J Anaesth 1994; 72: 707-709 [PMID: 8024924 DOI: 10.1093/
bja/72.6.707]

32	 Stoner TR, Urbach KF. Cardiac arrhythmias associated with 
succinylcholine in a patient with pheochromocytoma. Anesthe­
siology 1968; 29: 1228-1229 [PMID: 5726757 DOI: 10.1097/00000
542-196811000-00025]

33	 Amaranath L, Zanettin GG, Bravo EL, Barnes A, Estafanous FG. 
Atracurium and pheochromocytoma: a report of three cases. Anesth 
Analg 1988; 67: 1127-1130 [PMID: 3189907 DOI: 10.1213/000005
39-198811000-00025]

34	 Strebel S, Scheidegger D. Propofol-fentanyl anesthesia for 
pheochromocytoma resection. Acta Anaesthesiol Scand 1991; 35: 
275-277 [PMID: 2038936 DOI: 10.1111/j.1399-6576.1991.tb032 
87.x]

35	 Roizen MF, Horrigan RW, Koike M, Eger IE, Mulroy MF, Frazer 
B. A prospective randomized trial of four anesthetic techniques for 
resection of pheochromocytoma. Anesthesiology 1982; 57: A43 
[DOI: 10.1097/00000542-198209001-00043]

36	 Bruynzeel H, Feelders RA, Groenland TH, van den Meiracker 
AH, van Eijck CH, Lange JF, de Herder WW, Kazemier G. 
Risk Factors for Hemodynamic Instability during Surgery for 
Pheochromocytoma. J Clin Endocrinol Metab 2010; 95: 678-685 
[PMID: 19965926 DOI: 10.1210/jc.2009-1051]

37	 Moley JF, Wells SA. Pituitary and adrenal glands. In: Townsend 
Jr CM, editor. Sabiston Textbook of Surgery: The Biological Basis 
of Modern Surgical Practice. Philadelphia, PA: Saunders, 2001: 
671-695

38	 Cousins MJ, Rubin RB. The intraoperative management of 
phaeochromocytoma with total epidural sympathetic blockade. 
Br J Anaesth 1974; 46: 78-81 [PMID: 4820938 DOI: 10.1093/
bja/46.1.78]

39	 Jacobs JK, Goldstein RE, Geer RJ. Laparoscopic adrenalectomy. 
A new standard of care. Ann Surg 1997; 225: 495-501; discussion 
501-502 [PMID: 9193177 DOI: 10.1097/00000658-199705000-000
06]

40	 Thompson GB, Grant CS, van Heerden JA, Schlinkert RT, Young 
WF, Farley DR, Ilstrup DM. Laparoscopic versus open posterior 
adrenalectomy: a case-control study of 100 patients. Surgery 
1997; 122: 1132-1136 [PMID: 9426429 DOI: 10.1016/S0039-
6060(97)90218-X]

41	 Modi PK, Kwon YS, Patel N, Dinizo M, Farber N, Zhao PT, 
Salmasi A, Parihar J, Ginsberg S, Ha YS, Kim IY. Safety of Robot-
Assisted Radical Prostatectomy with Pneumoperitoneum of 20 
mm Hg: A Study of 751 Patients. J Endourol 2015; 29: 1148-1151 

89 November 27, 2015|Volume 4|Issue 3|WJA|www.wjgnet.com

Gupta A et al . Pheochromocytoma and perioperative management



[PMID: 25891967 DOI: 10.1089/end.2015.0094]
42	 Sprung J, O’Hara JF, Gill IS, Abdelmalak B, Sarnaik A, Bravo 

EL. Anesthetic aspects of laparoscopic and open adrenalectomy for 
pheochromocytoma. Urology 2000; 55: 339-343 [PMID: 10699606 
DOI: 10.1016/S0090-4295(99)00466-5]

43	 Raeburn CD, McIntyre RC. Laparoscopic approach to adrenal 

and endocrine pancreatic tumors. Surg Clin North Am 2000; 80: 
1427-1441 [PMID: 11059712 DOI: 10.1016/S0039-6109(05)70237
-1]

44	 Meeke RI, O’Keeffe JD, Gaffney JD. Phaeochromocytoma 
removal and postoperative hypoglycaemia. Anaesthesia 1985; 40: 
1093-1096 [PMID: 4073425]

P- Reviewer: Fassoulaki A, Feltracco P, Ozcengiz D    
S- Editor: Ji FF    L- Editor: A    E- Editor: Jiao XK  

90 November 27, 2015|Volume 4|Issue 3|WJA|www.wjgnet.com

Gupta A et al . Pheochromocytoma and perioperative management



© 2015 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


	83
	WJAv4i3-Back cover

