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This article reviews emergency situations caused by diseases of the sympa-
thetic nervous system. Pheochromocytoma is discussed first and most exten-
sively, because there are numerous reports in the literature on patients with
(unsuspected) pheochromocytoma presenting as an emergency. Two other
tumors of the sympathetic nervous system are then discussed that less com-
monly result in endocrine emergencies: neuroblastoma and ganglioneuroma.

Pheochromocytoma

Paragangliomas are rare catecholamine-producing tumors derived from
chromaffin cells that can be fatal if left undiagnosed. They occur mainly
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within the adrenal gland, where they are referred to as pheochromocytomas,
and less commonly at extra-adrenal sites [1,2]. Because the intra-adrenal and
extra-adrenal tumors are histopathologically indistinguishable, the term
pheochromocytoma is used herein for both extra-adrenal and intra-adrenal
tumors. Although most pheochromocytomas occur sporadically without
an obvious association with a familial syndrome, as many as 24% have a he-
reditary basis involving mutations of five different genes associated with dif-
ferent syndromes: the rearranged during transfection proto-oncogene
(multiple endocrine neoplasia), the von Hippel-Lindau gene (von Hippel-
Lindau disease), the neurofibromatosis type 1 gene (neurofibromatosis),
and the genes encoding succinate dehydrogenase enzyme subunits B and
D (familial paragangliomas) [3].

Characteristically, patients present with sustained or paroxysmal hyper-
tension, and the triad of headaches, palpitations, and sweating is often
seen. There are numerous reports in the literature of unusual presentations
of benign or metastatic pheochromocytomas; for this reason, pheochromo-
cytoma is sometimes labeled ‘‘the great mimic.’’ Some of these unusual pre-
sentations require emergency intervention. In such situations, it is important
to establish the correct diagnosis because any surgery in a patient with
unsuspected pheochromocytoma carries a high risk for morbidity and
mortality.

Emergency situations can occur owing to high levels of catecholamines
secreted by the tumor (an overview of the organ-specific responses mediated
by adrenergic receptors is shown in Table 1), or they can be the consequence
of complications related to a local tumor mass effect. Symptoms related to
tumor localization are not discussed herein because they are often nonspe-
cific and similar in management to that of any other tumor at such
a location.

The different ways in which a pheochromocytoma can occur as an emer-
gency are discussed according to the following clinical settings: pheochromo-
cytoma multisystem failure, cardiovascular emergencies, pulmonary
emergencies, abdominal emergencies, neurologic emergencies, renal emergen-
cies, andmetabolic emergencies (Table 2). Treatment for these emergencies in
patients with pheochromocytoma is only discussed if it is different from
standard practice. In addition, a separate section describes the general peri-
operative management of patients with pheochromocytoma. Lastly,
pheochromocytoma in pregnancy is discussed. This presentation is associated
with a high morbidity and mortality if pheochromocytoma is unsuspected.

Multisystem failure

Even though multisystem failure is a rare presentation of pheochromocy-
toma, with few cases discussed in the literature to date [4–11], this entity is
discussed first herein because early detection is crucial to improve the pa-
tient’s chances of survival. Pheochromocytoma multisystem crisis is defined
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Table 1

Organ-specific responses mediated by adrenergic receptors

Adrenergic impulses Cholinergic impulses

Effector organs

Receptor

type Responses Responses

Eye

Radial muscle, iris a1 Contraction (mydriasis)

þ þ
�

Sphincter muscle, iris � Contraction (miosis)

þþþ
Ciliary muscle b2 Relaxation for far

vision þ
Contraction for near

vision þþþ

Heart

SA node b1, b2 Increase in heart rate

þþ
Decrease in heart rate;

vagal arrest þþþ
Atria b1, b2 Increase in contractility

and conduction

velocity þþ

Decrease in contractility,

shortened AP duration

þþþ
AV node b1, b2 Increase in automaticity

and conduction

velocity þþþ

Decrease in conduction

velocity, AV block

þþþ
His-Purkinje system b1, b2 Increase in automaticity

and conduction

velocity þþþ

Little effect

Ventricles b1, b2 Increase in contractility,

conduction velocity,

automaticity, and rate

of idioventricular

pacemakers þþþ

Slight decrease in

contractility

Arterioles

Coronary a1, a2; b2 Constriction þ,
dilations þþ

Constriction þ

Skin and mucosa a1, a2 Constriction þþþ Dilation

Skeletal muscle a; b2 Constriction þþ,
dilations þþ

Dilation þ

Cerebral a1 Constriction (slight) Dilation

Pulmonary a1, b2 Constriction þ, dilations Dilation

Abdominal viscera a1, b2 Constriction þþþ,
dilations þ

�

Salivary glands a1, a2 Constriction þþþ Dilation þþ
Renal a1, a2; b1, b2 Constriction þþþ,

dilations þ
�

Veins (systemic) a1, a2; b2 Constriction þþ,
dilations þþ

�

Lung

Tracheal and

bronchial muscle

b2 Relaxation þ Contraction þþ

Bronchial glands a1; b2 Decreased secretion;

increased secretion

Stimulation þþþ

(continued on next page)
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Table 1 (continued )

Adrenergic impulses Cholinergic impulses

Effector organs

Receptor

type Responses Responses

Stomach

Motility and tone a1 a2; b2 Decrease (usually) þ Increase þþ
Sphincters a1 Contraction (usually) þ Relaxation (usually) þ
Secretion Inhibition (?) Stimulation þþþ

Intestine

Motility and tone a1, a2; b1, b2 Decrease þ Increase þþþ
Sphincters a1 Contraction (usually) þ Relaxation (usually) þ
Secretion a2 Inhibition Stimulation þþ

Gallbladder and ducts b2 Relaxation þ Contraction þ

Kidney

Renin secretion a1; b1 Decrease þ, increase þþ �

Urinary bladder

Detrusor b2 Relaxation (usually) þ Contraction þþþ
Trigone and sphincter a1 Contraction þþ Relaxation þþ

Ureter

Motility and tone a1 Increase Increase (?)

Uterus a1; b2 Pregnant: contraction

(a1), relaxation (b2)

Nonpregnant:

relaxation (b2)

Variable

Sex organs, male a1 Ejaculation þþ Erection þþþ

Skin

Pilomotor muscles a1 Contraction þþ �
Sweat glands a1 Localized secretion þ Generalized secretion

þþþ
Spleen capsule a1; b2 Contraction þþþ,

relaxation þ
�

Adrenal medulla � Secretion of epinephrine

and norepinephrine

(primarily nicotinic

and secondarily

muscarinic)

Skeletal muscle b2 Increased contractility,

glycogenolysis, Kþ

uptake

�

Liver a1; b2 Glycogenolysis and

gluconeogenesis þþþ
�

Pancreas

Acini a Decreased secretion þ Secretion þþ
Islets (b cells) a2 Decreased secretion

þþþ
�

b2 Increased secretion þ �
(continued on next page)
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as multiple organ failure, a temperature often greater than 40�C, encepha-
lopathy, and hypertension or hypotension [4]. Similar to hypertensive crises
due to pheochromocytoma, the multisystem crisis may be provoked in a pa-
tient with unsuspected and untreated pheochromocytoma by manipulation
of the tumor, by anesthetic agents at the induction of anesthesia, or by cer-
tain other drugs (corticosteroids, antiemetics [metoclopramide], imipra-
mine). Patients often have pulmonary edema, sometimes necessitating
ventilation [6,7,9–11], and acute (anuric) renal failure requiring hemodialysis
[5,9,11]. Some patients also have intravascular disseminated coagulation
[7,9]. The clinical presentation can be mistaken for septicemia, in which
case appropriate treatment is delayed [5,7,10,12–14]. Fever and acute in-
flammatory symptoms may be due to interleukin-6 production by the tumor
[15]; therefore, a pheochromocytoma should be included in the differential
diagnosis if a patient with suspected septicemic shock is refractory to fluid
and inotropic agents.

If the patient deteriorates despite vigorous medical treatment appropriate
for pheochromocytoma, emergency tumor removal is indicated, even if the
patient’s condition is critical, because this may increase the chances for sur-
vival. If the patient can be stabilized, surgery should be delayed to allow
adequate medical preparation because this improves survival [16,17]. The
prognosis for these patients is grave if diagnosis is delayed.

Cardiovascular emergencies

Pheochromocytomas can present with a variety of life-threatening car-
diovascular symptoms, such as hypertensive crisis, shock or profound

Table 1 (continued )

Adrenergic impulses Cholinergic impulses

Effector organs

Receptor

type Responses Responses

Fat cells a2; b1, (b3) Lipolysis þþþ
(thermogenesis)

�

Salivary glands a1 Kþ and water secretion

þ
Kþ and water secretion

þþþ
b Amylase secretion þ

Lacrimal glands a Secretion þ Secretion þþþ
Nasopharyngeal

glands

� Secretion þþ

Pineal gland b Melatonin synthesis �
Posterior pituitary b1 Antidiuretic hormone

secretion

�

þ/� indicates response and its intensity.

Abbreviations: AV, atrioventricular; SA, sinoatrial.

Adapted from Pacak K, Keiser HR, Eisenhofer G. Pheochromocytoma. In: DeGroot LJ,

Jameson JL, editors. Endocrinology. 5th edition. Philadelphia: Elsevier Saunders; 2006.

p. 2501–34.
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hypotension, acute heart failure, myocardial infarction, arrhythmia, car-
diomyopathy, myocarditis, dissection of an aortic aneurysm, and acute pe-
ripheral ischemia.

Hypertensive crisis
Most patients with pheochromocytoma have hypertension, which can be

sustained or paroxysmal. The latter is a result of episodic secretion of cate-
cholamines by the tumor. In 75% of patients, paroxysms with severe

Table 2

Emergencies due to pheochromocytoma

Clinical setting Most prominent symptoms/signs

Pheochromocytoma

multisystem crisis

Multiple organ failure, temperature R40�C, hypertension and/or

hypotension [4–12,14]

Cardiovascular Collapse [180,181]

Hypertensive crisis

Upon induction of anesthesia [182–184]

Medication induced or through other mechanisms [22,25,182,185–190]

Shock or severe hypotension [8,13,22,24,26–30,87,102,111,191–194]

Acute heart failure [44]

Myocardial infarction [69,70,190,195–198]

Arrhythmia [35–38,40,47]

Cardiomyopathy [33,50,52,60,65,79,199–203]

Myocarditis [204,205]

Dissecting aortic aneurysm [80]

Limb ischemia, digital necrosis or gangrene [74,77,78]

Deep vein thrombosis [206]

Pulmonary Acute pulmonary edema [31,64,83–85,190,207–212]

Adult respiratory distress syndrome [14,213]

Abdominal Abdominal bleeding [89,90,97,108,214,215]

Paralytic ileus [74,95,96,216]

Acute intestinal obstruction [94,217]

Severe enterocolitis and peritonitis [99]

Colon perforation [74,100,218–220]

Bowel ischemia [50,218,221,222]

Mesenteric vascular occlusion [223]

Acute pancreatitis [104,224]

Cholecystitis [102,103]

Megacolon [225]

Watery diarrhea syndrome with hypokalemia [91,226]

Neurologic Hemiplegia [79,114–117,121]

General muscle weakness [226,227]

Generalized seizures [124,125]

Renal Acute renal failure [33,49,106,109,111]

Acute pyelonephritis [107]

Severe hematuria [228]

Renal artery stenosis by compression of tumor [112,113]

Metabolic Diabetic ketoacidosis [229]

Lactic acidosis [230]

Adapted from Brouwers FM, Lenders JW, Eisenhofer G, et al. Pheochromocytoma as an

endocrine emergency. Rev Endocr Metab Disord 2003;4:126–8.
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hypertension occur at least weekly [18]. Often, these paroxysms may be pre-
cipitated by postural changes, exertion, intake of certain foods or beverages,
emotion, and urination. Furthermore, they may be provoked by direct tu-
mor stimulation and the use of certain drugs (eg, histamine, adrenocortico-
tropic hormone [ACTH], metoclopramide, phenothiazine, tricyclic
antidepressants, or anesthetic agents). Intravenous urographic contrast me-
dia have also been implicated in such provocation; however, in a small
study, the nonionic contrast medium iohexol did not appear to increase cat-
echolamine levels significantly [19]. Blood pressure can reach high values.
Such a situation is termed a hypertensive crisis when it is life threatening
or compromises vital organ function. In all of the previously mentioned sit-
uations, the hypertensive crises are the result of a rapid and marked release
of catecholamines from the tumor. Hypertensive crises may also develop as
a consequence of administration of a beta-adrenoceptor blocker in patients
who have a pheochromocytoma who are not on alpha-adrenoceptor block-
ing agents. In such a situation, unopposed stimulation of alpha-adrenocep-
tors could lead to a rise in blood pressure.

Patients may experience hypertensive crises in different ways. Some
report severe headaches or diaphoresis, whereas others have visual distur-
bances, palpitations, encephalopathy, acute myocardial infarction,
congestive heart failure, or cerebrovascular accidents. It is crucial to start
proper antihypertensive therapy immediately.

Treatment of a hypertensive crisis due to pheochromocytoma should be
based on administration of phentolamine. This drug is usually given as an
intravenous bolus of 2.5 to 5 mg at 1 mg/min. The short half-life of phen-
tolamine allows this dose to be repeated every 3 to 5 minutes until hyperten-
sion is adequately controlled. Phentolamine can also be given as
a continuous infusion (100 mg of phentolamine in 500 mL of 5% dextrose
in water) with an infusion rate adjusted to the patient’s blood pressure dur-
ing continuous blood pressure monitoring. Alternatively, control of blood
pressure may be achieved by a continuous infusion of sodium nitroprusside
(preparation similar to phentolamine) at 0.5 to 10.0 mg/kg per minute (with
the infusion stopped if no results are seen after 10 minutes) [20,21].

Shock and hypotension
Severe hypotension is seen infrequently in patients who have pheochro-

mocytoma and may be preceded by a paroxysm of hypertension. A few
patients have been described in whom severe hypotension or shock occurred
after treatment with imipramine [22,23], metoclopramide [24,25], or dexa-
methasone [26]. Hypotension may be accompanied by syncope and may
be episodic [27]. In less than 2% of patients, profound shock is the
presenting manifestation [28]. In these patients, shock is accompanied by
significant abdominal pain, signs consistent with pulmonary edema, intense
mydriasis unresponsive to stimulus, profound weakness, diaphoresis,
cyanosis, hyperglycemia, and leukocytosis [28].
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Although hypotension was thought to occur only in patients with pre-
dominantly epinephrine-secreting tumors [29,30], it has also been described
in norepinephrine-secreting tumors [31]. The mechanisms that lead to hypo-
tension and shock in patients with pheochromocytoma are not understood.
Hypovolemia, impairment of the peripheral response to catecholamines, the
ratio of epinephrine and norepinephrine secreted by the tumor (epinephrine-
induced vasodilatation), myocardial contractile dysfunction, and baroreflex
failure may all contribute to hypotension [27,32].

In some patients, severe hypotension occurs in the postoperative period
following resection of a pheochromocytoma. This hypotension is thought
to be the result of the sudden depletion of circulating catecholamines in
the continuing presence of alpha-adrenoceptor blockade and can be treated
by fluid replacement and rarely by intravenous ephedrine or vasopressin [33].

Arrhythmia
Stimulation of beta-adrenoceptors by high levels of catecholamines

released from the tumor may result in severe arrhythmia. Although sinus
tachycardia occurs most frequently, pheochromocytomas have been associ-
ated with a wide variety of arrhythmias, including supraventricular [34],
nodal [35], broad complex [36], ventricular tachycardia [37–39], torsade de
pointes [40], and Wolff-Parkinson-White syndrome [41]. Furthermore, atrial
fibrillation [42] and ventricular fibrillation [5,43,44] have been reported. Be-
cause arrhythmias are associated with many other diseases, patients who har-
bor a pheochromocytoma may undergo multiple tests and examinations by
multiple specialists to identify the cause of the arrhythmia. Clinicians should
consider a pheochromocytoma if the arrhythmia is paroxysmal, or if it is
accompanied with sweating, hypertension, anxiety, nervousness, or pallor.

For rapid control of tachycardia due to atrial fibrillation or flutter, intra-
venous esmolol, a cardioselective short-acting beta 1 blocker, can be used
(0.5 mg/kg intravenously over 1 minute, followed by an intravenous infusion
of 0.1–0.3 mg/kg/min [45]). Caution is warranted if alpha blockade has not
been achieved before the use of beta blockers, because unopposed alpha-
receptor stimulation can result in a hypertensive crisis. Ventricular arrhyth-
mias can be treated with lidocaine [46].

Some patients who have pheochromocytoma present with bradyarrhyth-
mia or asystolic arrest [10,47,48]. These situations are the result of a reflex
mechanism in which sinus slowing occurs at the onset of a sudden rise in
blood pressure during a paroxysm [48]. Rarely, atrioventricular dissociation
and bigeminy [34,40], right bundle branch block [49], and sick sinus syn-
drome [50] occur in patients with pheochromocytoma. Their treatment is
similar to that in patients who do not have pheochromocytoma.

Catecholamine-induced myocarditis and cardiomyopathy
In addition to the previously discussed changes in heart rate and rhythm,

hypercatecholemia can also cause sterile myocarditis and cardiomyopathy.
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Catecholamine-induced dilating cardiomyopathy is most frequently re-
ported [51–55]; however, some patients may present with a catecholamine-
induced obstructive hypertrophic cardiomyopathy [50,56,57]. Acute heart
failure or pulmonary edema requires immediate treatment, because the
prognosis for patients with pheochromocytoma presenting with acute heart
failure is poor, and death due to pulmonary edema may occur within 24
hours of the onset of such complaints [58]. Cardiac changes were found to
be reversible in most cases after the institution of appropriate medication
or excision of the pheochromocytoma [33,59–63]. Improvement can occur
shortly after treatment [53,64,65], but recovery can also be more slow and
take over 2 years [57,62]. The mechanisms for catecholamine-induced
myocarditis and cardiomyopathy have been studied extensively; the impor-
tance of the different factors contributing to myocardial injury is still de-
bated. Myocardial ischemia is thought to be most important, together
with direct toxic effects of catecholamine oxidation products [66]. Further-
more, cardiac contractility may be decreased by compensatory downregula-
tion of beta receptors on the heart owing to chronic elevation of epinephrine
levels. Cardiac contractility may be further compromised by pheochromocy-
toma-induced hypocalcemia (through calcium sequestration), resulting in
cardiogenic shock [67].

Myocardial ischemia and myocardial infarction
Some patients who have pheochromocytoma present with symptoms as-

sociated with myocardial ischemia or myocardial infarction [43,68–70]. They
may experience chest discomfort, tachycardia, sweating, and anxiousness.
These symptoms are caused by catecholamines, which induce vasoconstric-
tion of the coronary arteries while simultaneously increasing myocardial ox-
ygen demand through stimulation of heart rate and cardiac contractility.
The presentation and electrocardiographic changes, such as ST-segment
elevation or depression [69,71,72], negative T-waves, and a prolonged QT-
interval (present in 7%–35% of patients [40,73]), may resemble those of
patients with myocardial ischemia or infarction due to heart disease; how-
ever, patients with pheochromocytoma may also have other symptoms
due to catecholamine excess, such as severe hypertension or headache, pro-
fuse sweating, or intense pallor. A history of episodic attacks is even more
helpful. Most importantly, if the coronary arteries appear normal at angiog-
raphy and no changes over time can be observed in cardiac enzymes despite
a severe initial presentation, pheochromocytoma should be suspected [39].

Acute peripheral ischemia
In rare instances, pheochromocytoma causes sudden peripheral ischemia,

resulting in necrosis or gangrene [74–77]. In most cases, this ischemia is due
to extreme vasoconstriction or diffuse arterial vasospasms induced by cate-
cholamine overload. Some patients may already have a history of intermit-
tent claudication [76,78]. Catecholamine-induced vasospasms are easily
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overlooked if patients report no other symptoms characteristic for pheo-
chromocytoma. Such patients may undergo extensive operations including
amputation [58]. This treatment is very dangerous because any surgery in
a patient with unsuspected pheochromocytoma carries a high risk for mor-
bidity and mortality.

Ischemia may also be due to arterial occlusion as a result of embolisms of
cardiac thrombi in patients with catecholamine-induced arrhythmia [79];
however, this is a rare event. Occasionally, pheochromocytoma is found
during the evaluation or emergency surgery for suspected ruptured aneu-
rysms of the abdominal aorta [76]. Both dissecting and obstructive aneu-
rysms of the abdominal aorta have been found in patients who have
pheochromocytoma [80–82].

Pulmonary emergencies

Infrequently, pulmonary edema is the presenting feature of pheochromo-
cytoma [31,83–85]. This event has even been documented following surgery
for an unrelated illness [86]. More often, pulmonary edema occurs during
the course of the disease and in some patients becomes manifest after tumor
resection [43]. Although pulmonary edema is cardiogenic in origin in most
patients, some patients have noncardiogenic pulmonary edema [31,84].
This edema is thought to be the result of a catecholamine-induced transient
increase in pulmonary capillary pressure owing to pulmonary venoconstric-
tion and increased pulmonary capillary permeability [31,43,87]. Recently, it
has been suggested that increased pulmonary neutrophil accumulation
caused by catecholamine excess may have a pathophysiologic role in the de-
velopment of pulmonary edema. Neutrophil-mediated injury would, in turn,
lead to increased vascular protein permeability and promote lung edema [85].

Gastrointestinal emergencies

Patients who have pheochromocytomas who present with an acute onset
of abdominal symptoms can pose a real challenge. Generally, they experi-
ence severe abdominal pain and vomiting. Close monitoring is important,
because the abdominal symptoms may indicate hemorrhage of the tumor,
which could be accompanied by the excretion of vast amounts of catechol-
amines. This excretion, in turn, could result in hypertensive crisis [88,89],
shock, and rapid deterioration of the patient. Moreover, emergency surgery
may be required to stop associated arterial bleeding. Alternatively, angio-
graphic embolization may be employed to stop bleeding [88,90].

Other abdominal catastrophes are the result of prolonged catecholamine
excess. Emergency surgery could be indicated if vasoconstriction or spasms
of the mesenterial arteries cause bowel ischemia. In other patients, high cate-
cholamine levels seem to affect predominantly gastrointestinal motility. Peri-
stalsis is inhibited through relaxation of the gastrointestinal muscles and
contraction of the pyloric and ileocecal sphincters, resulting in constipation.
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Conversely, patients with a composite pheochromocytoma that is also
secreting vasoactive intestinal polypeptide can present with acute and severe
secretory diarrheas, resulting in dehydration, acidosis, and hypokalemia [91].

Patients may also present with intestinal pseudo-obstruction [92,93], ab-
dominal distension [94], severe paralytic ileus [74,89,95,96], dilated small
bowel loops [97], or megacolon [94,98]. The latter may be complicated by
enterocolitis [98,99], volvulus or colonic rupture [100], and fecal peritonitis
[101]. Other abdominal emergencies in patients who have pheochromocy-
toma include acute cholecystitis [102,103], acute pancreatitis [104], and rup-
tured aneurysm of the abdominal aorta [82].

Nephrologic emergencies

Rarely, a pheochromocytoma manifests with the clinical presentation of
acute renal failure [105,106] or acute pyelonephritis [107]. Acute renal failure
is associated with rhabdomyolysis, which may occur after ischemia owing to
extreme catecholamine-induced vasoconstriction. The rhabdomyolysis leads
to acute myoglobinuric renal failure [105]. More frequently, renal failure oc-
curs as a complication during the course of the disease [5,49,108–111]. Other
complications include renal infarction as a consequence of renal ischemia
due to (deep) systemic shock, vasoconstriction, or tumor compression of
the renal artery [112,113]. In some patients, hemodialysis is required [111].

Neurologic emergencies

Cerebrovascular accidents are most frequently responsible for the neuro-
logic symptoms seen in patients who have pheochromocytoma [79,114–121].
In some patients, cerebral hemorrhage has been reported during paroxysmal
attacks of hypertension. In rare cases, subarachnoidal bleeding is found [118].
Hemiparesis, sometimes together with homonymous hemianopsy, is reported
most frequently [117]. Cerebral bleeding may be accompanied by seizures
[18,116,122,123]. Generalized seizures can also occur as a result of cerebral
ischemia caused by vasospasm of the cerebral circulation owing to high levels
of circulating catecholamines and may be the presenting symptom [124,125].
In young patients with cerebral hemorrhage without an apparent cause,
pheochromocytoma should be suspected. Rarely, neurologic symptoms
such as paresis occur due to spinal cord compression by metastases.

Management

Management of pheochromocytoma-related emergencies depends on the
symptoms; however, it should always include pharmacologic treatment to
block the effects of high levels of circulating catecholamines and prevent
life-threatening catecholamine-induced complications.

The most effective drug regimen to prepare patients for surgery has not
been established, and, currently, several approaches are used to stabilize
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patients and prepare them for (elective) surgery [2]. Patients must be pre-
pared using pharmacologic blockade of adrenoceptors. Phenoxybenzamine
is the drug of choice for alpha-adrenoceptor blockade. It is usually given in
a starting dose of 10 mg two times a day and is gradually increased up to 1
mg/kg/d given in three to four separate doses [2,126]. Doses higher than 100
mg per day are necessary in a few patients. Adequate alpha-receptor block-
ade will be achieved within 10 to 14 days. Beta-adrenoceptor blockade (usu-
ally, atenolol, 25 mg once daily, or propranolol, 40 mg three times daily) is
added after appropriate alpha blockade to prevent reflex tachycardia asso-
ciated with alpha blockade [2,126]. It can also be indicated if arrhythmia or
angina is present after alpha blockade has been achieved. In rare cases,
successful selective alpha-adrenoceptor blockade can lead to unopposed
beta-adrenergic overactivity that affects multiple organ systems. Patients
may experience tachycardia, diastolic dysfunction, diffuse edema (heart),
peripheral vasodilatation and hypotension (vascular system), somnolence
owing to cerebral hypoperfusion, and oliguria owing to renal hypoperfusion
[127]. Treatment consists of beta blockade tapered to alleviate clinical
symptoms.

Other approaches to prepare patients for surgery include the use of other
alpha 1-adrenoceptor blockers, calcium channel blockers alone or in combi-
nation with alpha-receptor blockade [51,128], or labetalol (a combined
alpha- and beta-adrenoceptor blocker).

To assess whether a patient is adequately prepared for surgery, the fol-
lowing criteria have been proposed: blood pressure below 160/90 mm Hg
for at least 24 hours; the presence of orthostatic hypotension, but with blood
pressure in the upright position remaining above 80/45 mm Hg; no more
than one ventricular extrasystole every 5 minutes; and no S-T segment
changes and T-wave inversions on echocardiography for 1 week [129].

Postoperatively, patients should be monitored closely for 24 hours in an
intensive or immediate care unit. Hypotension and hypoglycemia are the
two most common major complications seen at this time [2]. Rarely, patients
experience pulmonary edema or cardiomyopathy following surgery [43,63].

Pheochromocytoma in pregnancy

Pheochromocytoma in pregnancy warrants special consideration, be-
cause it is associated with high morbidity and mortality if pheochromocy-
toma is unsuspected (40.3% maternal mortality and 56% fetal mortality).
Pregnancy-related life-threatening situations can occur owing to tumor
stimulation by pressure from the enlarging uterus, by fetal movements, or
during labor in a patient with unsuspected pheochromocytoma. If the diag-
nosis is made antenatal, maternal and fetal mortality can be greatly reduced
[130,131]. Nevertheless, in two series, pheochromocytoma remained unrec-
ognized antepartum in 47% to 65% of patients [130,131]. Diagnosis of
pheochromocytoma during pregnancy can be difficult because the clinical
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presentation may resemble pre-eclampsia. Whereas pre-eclampsia occurs af-
ter the twentieth week of gestation and is associated with hypertension in
combination with proteinuria, hypertension caused by pheochromocytoma
can occur throughout the entire pregnancy, and proteinuria and edema
are often absent. Furthermore, pheochromocytoma-associated hypertension
can be paroxysmal and may be accompanied by postural hypotension [132].

Hypertensive crisis owing to pheochromocytoma in pregnancy is highly
unpredictable. Direct tumor stimulation leading to marked catecholamine
release can occur as the result of examination, postural changes, pressure
from the uterus, labor contractions, fetal movements, and tumor hemor-
rhage. It is most frequently seen in the period surrounding delivery. Acute
hypertensive crisis may manifest as severely elevated blood pressure,
arrhythmia, or pulmonary edema.

The diagnosis can be confirmed biochemically. Biochemical diagnosis can
be hindered if the patient is on methyldopa to control blood pressure during
pregnancy, because this drug can result in a false-positive test. If pheochro-
mocytoma is suspected, treatment with methyldopa should be suspended or
delayed for the measurement of metanephrines.

Once the diagnosis of pheochromocytoma is confirmed, appropriate ad-
renergic blockade should be initiated in all patients regardless of gestational
age, because maternal hypertensive crisis is always dangerous for the fetus.
Commonly, it results in uteroplacental insufficiency, early separation of the
placenta, or fetal death [133]. In situations of hypertensive crisis, intrave-
nous phentolamine as a bolus of 1 to 5 mg or as a continuous infusion of
1 mg/min can be used to control blood pressure. As a final resort, sodium
nitroprusside may be used, but this has to be infused at a rate of less than
1 mg/kg/min to avoid fetal cyanide toxicity [134].

To prevent hypertensive crisis or to treat catecholamine-induced high
blood pressure in pregnancy, phenoxybenzamine is most commonly used.
With the exception of mild perinatal depression and transient hypotension
in the newborn, there have been no reports of adverse fetal effects during
treatment [135]. If beta blockade is indicated, a selective beta-blocking agent
is preferred to lessen the chances of fetal growth retardation.

The timing of tumor excision depends on the duration of pregnancy at
the time of diagnosis. Early in pregnancy, the tumor can be resected after
suction and curettage or with preservation of the fetus. After the twenty-
fourth week of pregnancy, long-term blockade with phenoxybenzamine,
combined with a beta blocker if clinically indicated, should be attempted
to bring the fetus to term [134,135]. This treatment is not without risks,
because blockade does not always prevent acute crisis. Labor and vaginal
delivery should be avoided, because this may cause tumor stimulation and
further catecholamine secretion with severe hypertensive crisis despite
adrenergic blockade. Cesarean section and simultaneous removal of the tu-
mor is the recommended approach [135]. Anesthetic management for this
situation is discussed in detail in the article by Dugas and colleagues [136].
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Neuroblastoma

Neuroblastomas and ganglioneuroblastomas (a more mature form of
neuroblastoma) are tumors that derive from primitive cells (neuroblasts)
from the sympathetic nervous system. These tumors comprise the most com-
mon malignant disease of childhood and account for 7% to 10% of all
childhood cancers [137,138]. The prevalence is uniform throughout the (in-
dustrialized) world, occurring in 1 in 7000 live births [137,139]. Neuroblas-
toma is predominantly a tumor of young children, with a median age at
diagnosis of 18 months (40% are diagnosed by 1 year of age, 75% by 4 years
of age, and 98% by 10 years of age) [139,140].

Approximately 65% of neuroblastomas are located in the abdomen, most
commonly in the adrenal medulla. Other tumor locations are the chest
(20%), pelvis (2% to 3%), neck (1% to 5%), and other locations (6% to
12%) [141–143]. The tumor typically spreads to regional lymph nodes,
bone, and bone marrow, but can also metastasize to skin, liver, and soft tis-
sues. Approximately 50% of patients have disseminated disease (lymph
node involvement outside the cavity of origin) at presentation [143].

Symptoms and signs at presentation depend on the size and location of
the primary tumor and on whether the tumor has metastasized. They are of-
ten related to a local mass effect of the tumor or metastasis and include
paraplegia (paraspinal tumors, sometimes extending through intervertebral
foramina [‘‘dumbbell tumors’’]), Horner’s syndrome (ie, ptosis, miosis, and
anhydrosis owing to cervical masses), ecchymotic proptosis (‘‘raccoon eyes’’
owing to orbital involvement), and limping (involvement of long bones).
Furthermore, in some cases, the tumor is accompanied by remote effects
called paraneoplastic phenomena, such as opsoclonus-myoclonus ataxia
syndrome caused by an autoimmune process (2% to 3% of patients)
[144], or secretory diarrhea if the tumor is producing vasoactive intestinal
peptide. Rarely, catecholamines secreted by the tumor (approximately
92% of neuroblastomas have elevated levels of catecholamines) contribute
to symptoms and signs at presentation (hypertension or paroxysmal phe-
nomena like flushing or tachycardia). Neuroblastomas are clinically hetero-
geneous, and disease progression varies widely according to age and disease
burden at diagnosis [138].

To stage neuroblastomas, a set of international criteria has been devel-
opeddthe International Neuroblastoma Staging System (INSS) [145,146].
There are four stages in the INSS classification. The disease is localized in
stages 1 to 3, with the stage depending on the extent of lymph node involve-
ment and the presence of midline extension of the disease. In stage 4, the dis-
ease is disseminated [146]. Stage 4S is a special subcategory that applies to
children under 1 year of age with a distinct pattern of disseminated disease
(dissemination limited to skin, liver, or bone marrow) that is associated with
spontaneous regression and a high cure rate with or without nonsurgical
treatment [147,148].
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Prognosis and treatment options are determined predominantly by pa-
tient age at diagnosis, INSS stage, tumor histopathology (Shimada system),
and biologic features of the tumor, such as the MYCN status (whether or
not MYCN amplification is present), the DNA index (near diploid or hyper-
diploid karyotype), and the presence or absence of deletions at 1p36 or
11q23 [138,149]. Treatment options include surgery (performed in almost
all patients to establish the diagnosis and procure tissue for staging and bi-
ologic studies), chemotherapy (the principal treatment modality) with or
without supplemental radiotherapy and autologous bone marrow transplan-
tation, radionuclide therapy with 131I-labeled meta-iodo-benzyl-guanidine
(131I-MIBG), retinoid therapy, and immunotherapy [140,150].

Emergency conditions related to neuroblastoma

Emergency situations that occur owing to neuroblastomas are not com-
mon. When they occur, they are often the result of catecholamine excess,
paraneoplastic phenomena, or related to local mass effects of the tumor.

In rare cases, patients who have neuroblastoma experience symptoms and
signs owing to catecholamine excess requiring emergency intervention sim-
ilar to patients with pheochromocytoma. Because the mechanisms behind
these conditions are the same as discussed for pheochromocytoma, they
are not discussed separately herein. Cardiovascular events are described
most frequently as emergency situations owing to catecholamine excess in
neuroblastoma. Hypertensive encephalopathy accompanied by seizures
[151], cardiogenic shock requiring respiratory ventilation [152], or cardiac
failure [153,154] accompanied by coagulopathy and acute renal and hepatic
failure [155] have all been described. Furthermore, one patient presented
with a condition mimicking sepsis, with hypertension, vasoconstriction,
multiorgan failure, and metabolic acidosis [156].

Sometimes paraneoplastic phenomena can lead to emergency conditions.
These paraneoplastic manifestations have an immunologic basis and are as-
sociated with IgG and IgM antibodies that bind to the cytoplasm of cerebel-
lar Purkinje’s cells and to some axons of the peripheral nerves [157]. In one
patient with occult neuroblastoma, encephalitis-like features of ataxia, gen-
eralized seizures, decreased consciousness, and involuntary movements were
seen; however, this patient did not have any signs of opsoclonus-myoclonus
at any time during his illness [158]. Less urgent paraneoplastic manifesta-
tions of neuroblastoma include paraneoplastic papilloedema with blurring
of vision [159] and bilateral ptosis and muscle weakness [160].

A local mass effect of the tumor can also lead to emergency presentations.
One patient with a rapidly increasing massive hepatomegaly owing to met-
astatic infiltration of the liver required mechanical ventilation and urgent
surgical decompression for severe respiratory embarrassment [161]. Other
treatment options successfully applied to patients with life-threatening ab-
dominal distension owing to liver involvement include chemotherapy and
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radiotherapy [150]. Patients may present with leg palsy or weakness of the
lower extremities if the tumor involves the spinal cord or results in spinal
cord compression [162,163]. Other tumor mass–related presentations include
blindness owing to metastatic neuroblastoma [164] and protein-losing enter-
opathy as the result of lymphatic obstruction [165] or elevated catechol-
amines [166], resulting in periorbital edema and severe hypoproteinemia.

Early diagnosis of these cases may improve the outcome [162]. For exam-
ple, the blindness due to metastatic neuroblastoma was reversed by surgery
7 days after onset [164].

Ganglioneuroma

Ganglioneuroma is a rare benign tumor that derives from the sympa-
thetic chain. Controversy exists as to whether it may occur de novo (primary
ganglioneuroma) or whether it is a result of maturation and differentiation
of neuroblastomas, as suggested by the International Neuroblastoma Pa-
thology Committee [167,168]. Ganglioneuromas occur most frequent in
the posterior mediastinum (38%), followed by a retroperitoneal site. As
many as half of patients are asymptomatic [169–171], and if patients do
experience symptoms, these are often caused by a mass effect of the tumor.
Infrequently, patients may have hypertension owing to excessive
catecholamine secretion by the tumor (only 20% to 39% of ganglioneuro-
mas are reported to secrete catecholamines or catecholamine metabolites
[172–174]), or they can have watery diarrhea owing to the secretion of vaso-
active intestinal protein by the tumor [175–177]. Patients can be cured by the
complete excision of the tumor; however, even if resection of the ganglio-
neuroma is incomplete, the prognosis usually remains good.

Endocrine emergencies related to ganglioneuroma are rare. In one pa-
tient, a membranous glomerulonephritis resulting in nephrotic syndrome
was associated with a ganglioneuroma. A circulating tumor antigen–specific
antibody was detected in the patient’s serum that cross-reacted with an
antigen present on the podocyte membrane of the renal glomeruli [178].

Summary

Pheochromocytoma may lead to important emergency situations. It is vi-
tal to think about this disease in any emergency situation when conventional
therapy fails to achieve control or symptoms occur that do not fit the initial
diagnosis, especially if signs and symptoms occur paroxysmal. The crucial
role of keeping this diagnosis in mind is made clear by the fact that, in
50% of patients who have pheochromocytoma, the diagnosis is initially
overlooked. When pheochromocytoma is considered, appropriate ap-
proaches must be used for its diagnosis and localization. These approaches
include measurement of urinary and plasma catecholamines and
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metanephrines and imaging techniques such as CT, MRI, and 123I- or 131I-
labeled MIBG scintigraphy. Measurement of plasma metanephrines is the
biochemical test of choice [179]. MRI is the recommended imaging modality
in emergency situations, because it has a high sensitivity for localizing adre-
nal and extra-adrenal pheochromocytoma.

Occasionally, neuroblastoma and ganglioneuroma may cause emergency
situations. These situations are related to catecholamine excess, paraneo-
plastic phenomena, or local tumor mass effects. Diagnosis of neuroblastoma
can be confirmed by biopsy and measurement of urinary catecholamines
[146]. Many imaging modalities are used for localization and assessment
of the extent of the disease, including MRI or CT and 123I- or 131I-labeled
MIBG scintigraphy [140,146,150].
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