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ABSTRACT

Pheochromocytomas and paragangliomas (PHEOs) are rare
neuroendocrine tumors. Clinical manifestations include differ-
ent cardiovascular signs and symptoms, which are related to
excessive secretion of catecholamines. Catecholamine-induced
cardiomyopathy in PHEO (CICMPP) is a rare but dreaded com-
plication of PHEO. Once patient is diagnosed with this condi-
tion, the prognosis is worse and a surgical risk is much higher
than expected. This article focuses on how catecholamines
affect the heart and the pathophysiologic mechanism of CIC-
MPP. The cardiovascular responses to catecholamine depend
mostly on which catecholamine is released as well as the
amount of catecholamine that is released. The acute release of
norepinephrine and epinephrine from PHEO increases heart
rate, systemic vascular resistance, myocardial contractility, and
reduces venous compliance. The excessive adrenergic stimu-
lation by catecholamine results in severe vasoconstriction and
coronary vasospasm, myocardial ischemia, and subsequently
damage, and necrosis. Chronically elevated catecholamine
levels lead to significant desensitization of cardiac f-adreno-
ceptors. The increased levels of the enzyme B-adrenoceptors
kinase (BARK) in the heart seems to mediate these biochemical
and physiological changes that are consistently correlated with
attenuated responsiveness to catecholamine stimulation.
Through these mechanisms different types of cardiomyopathy
(CMP) can be formed. This review discusses extensively the 3
types of cardiomyopathies that can be present in a PHEO pa-
tient. It also provides the clinical presentation and diagnostic
and therapeutic algorithm in managing patients with CICMPP.

Introduction

Pheochromocytomas (PHEOs) are mostly benign neuroendocrine
tumors arising from chromaffin cells within the adrenal medulla,
oranywhere in the plexus of sympathetic nerves for which they are
called paragangliomas or extra-adrenal PHEOs [1]. In this manu-
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script, we use PHEO to cover both pheochromocytoma and para-
ganglioma. PHEOs are rare with an annual incidence of 3-8 cases
per 1 million per year in the general population [2]. Clinical mani-
festations of these tumors include hypertension, tachyarrhythmia,
headache, excessive sweating, tremulousness, chest pain, consti-
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pation, and several other symptoms and signs. The signs and symp-
toms are due to oversecretion of catecholamines [3]. Hyperten-
sion, that is the most common sign is present in 95 % of patients
with PHEO [4-6]. Severe cardiovascular complications are associ-
ated with hypertensive crisis due to sudden and profound catecho-
lamine excess [5]. Acute or chronic hypertension can lead to myo-
cardial hypoxia, which could lead to acute (ischemic, takotsubo) or
chronic (hypertrophic, dilated) cardiomyopathy (CMP) [7-11].

Catecholamine-induced cardiomyopathy in PHEO (CICMPP) is a
comparatively rare but very difficult to manage complication of
PHEO. Retrospective studies reported prevalence of CICMPP at
8-11% of patients with PHEO [12, 13]. CMP as an initial presenta-
tion of PHEO patients is, however, uncommon [13]. but it s still im-
perative to rule out PHEO as one of the causes of heart failure as-
sociated with profuse sweating, hypertension, pallor, and anxiety
because management of such a patient would be different. It is also
important to recognize CICMPP in patients before any surgery to
reduce morbidity and mortality, especially due to catecholamine
excess if anesthetics are given or any surgical procedure is per-
formed [14].

Due to paucity of cases, there is still no specific therapeutic ap-
proach regarding the management of CICMPP. Management strat-
egies are available, but they are based on retrospective studies and
case reports. Thus, based on our experience with these patients
and review of literature, this report outlines recommendations re-
lated to therapeutic approaches of CICMPP.

How Catecholamines Affect the Heart?

Catecholamines (dopamine, norepinephrine, and epinephrine) rep-
resent a group of neurotransmitters and hormones responsible for
regulations of different physiologic processes and contribute to the
pathogenesis of neurological, psychiatric, endocrine, and cardio-
vascular diseases [15]. They are synthesized in the brain, sympa-
thetic nerves, and adrenal medulla [16]. They function both as hor-
mones and neurotransmitters, which are essential in the different
processes involved in cardiovascular system function. The postgan-
glionic endings of sympathetic nervous system predominantly se-
crete norepinephrine, which bears a resemblance to epinephrine;
hence sympathetic postganglionic fibers are usually called adren-
ergic fibers. The a- and B-G proteins-coupled adrenoceptors me-
diate the pharmacological actions and cell responses to catecho-
lamines [17].

Inthe heart, B1-adrenoceptors are present in the sinoatrial node,
atrioventricular node, and atrial and ventricular cardiomyocytes.
B,-Adrenoceptors are also found in the heart, vascular, uterine, and
airway smooth muscle, and are responsible for the relaxation ac-
tivity of this muscles. In myocardium, the activation of G;-adenylyl
cyclase-cAMP-protein kinase A (PKA) through the B-adrenoceptors
leads to anincrease in mitochondrial and cytosolic calcium, which
increases contractility, heart rate, intracardiac pressure (B1), while
the activation of G; proteins through B, adrenoceptors inhibit the
production of cAMP by adenylyl cyclase causing myocardial relax-
ation [17]. Like the B-adrenoceptors, the a-adrenoceptor has two
subtypes, the a;- and o,- adrenoceptors. o;-Adrenoceptors are
further subdivided into three subtypes, the a4, 015, and a;p. The
oqp-adrenoceptor is the most abundant a;-adrenoceptor subtype

in the heart [18]. ay-Adrenoceptors are mainly found in vascular
smooth muscle and few expressions in cardiac muscles. They are
located on the postsynaptic membrane of effector organs, while
o,-adrenoceptors are found also in vascular smooth muscle but lo-
cated on both presynaptic neurons and postsynaptic cells. The ac-
tivation of a-adrenoceptors produces vasoconstriction [17]. Signal
transduction of ay-adrenoceptor leads to increased cardiac con-
tractility in most conditions, but the net effect of different signal-
ing responses is decreased force due to protein kinase C (PKC) ac-
tivation. Moreover, activation of a;-adrenoceptor results in forma-
tion of 1,4,5- inositoltriphosphate and diacyglycerol, and formation
of 1,4,5-inositoltriphosphate results in the release of intracellular
calcium, which is responsible in enhanced contractile force of the
heart. Stimulation of a;,-adrenoceptor also enhances the sensitiv-
ity of myofilaments to calcium, influx of transsarcolemmal calcium,
and leads to intracellular alkalinization through Na*/H* exchang-
er. Chronic stimulation of a;-adrenoceptors may result in hyper-
trophic phenotype. On the other hand, a,-adrenoceptors have 3
different subtypes, the a5, 055, and oc. The ay-adrenoceptors
have significant role inhibition of noradrenaline in the human heart,
which becomes apparent under enhanced sympathetic activity.
Norepinephrine and epinephrine exemplifies their positive iono-
tropic effects through stimulation of B-adrenoceptors, rather than
oy-adrenoceptors [18].

Catecholamines at low concentration stimulate the heart by in-
ducing Ca2* movements, whereas excessive amounts of catecho-
lamines promote cardiac dysfunction through intracellular Ca2*
overload in cardiomyocytes. Catecholamines at high concentration
become oxidized to form aminolutins and produce oxygen free rad-
icals. These oxidation products have been implicated to produce
coronary spasm, arrhythmias, and cardiac dysfunction through sar-
colemmal and sarcoplasmic reticulum Ca2*-handling abnormali-
ties, mitochondrial energy production defects, and myocardial cell
damage [19].

The overall cardiovascular response to norepinephrine through
adrenoceptor activation, preferentially via a-adrenoceptors, is in-
creased in terms of cardiac output and systemic vascular resistance
that leads to elevation in arterial blood pressure. Norepinephrine
increases heart rate initially, but due to activation of baroreceptors
and parasympathetically-mediated slowing of the heart rate, as a
response to blood pressure elevation, there is a subsequent de-
crease in the heart rate [20].

Epinephrine, through the B-adrenoceptor, increases heart rate
and contractility; its effects on a-adrenoceptors produce vasocon-
striction in most systemic arteries and veins. The total cardiovas-
cularresponse of low to moderate concentration of epinephrine in
the circulation is increased in cardiac output, which is redistribut-
ed to muscle and hepatic circulations with only a minimal change
in mean arterial pressure. The minimal change in arterial pressure
despite an increase in cardiac output, is brought about by the de-
crease in systemic vascular resistance secondary to activation of
vascular B,-adrenoceptors. At high plasma concentrations of epi-
nephrine, the arterial pressure increases because of its binding to
a-adrenoceptors on blood vessels, which overdrives the vasodila-
tation mediated by the B,-adrenoceptors [20].

At a low concentration, epinephrine preferentially attaches to
high affinity B,-adrenoceptors, causes vasodilatation, and a de-
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crease in systemic vascular resistance. As circulating epinephrine
concentration increases, lower affinity a-adrenoceptors start to at-
tach epinephrine, which overdrives the B,-adrenoceptor-mediated
vasodilatation. At high concentrations of epinephrine, more
o-adrenoceptors are attached to epinephrine, thus producing a
shift of balance to net vasoconstriction, which increases the sys-
temic vascular resistance [20].

Cardiovascular responses to catecholamine depend mostly on
which catecholamine is released as well as the amount of catecho-
lamine that is released. Acute release of norepinephrine and epi-
nephrine from PHEO increases heart rate, systemic vascular resist-
ance, myocardial contractility, and reduces venous compliance [5].
However, excessive adrenergic stimulation by catecholamine re-
sults in severe vasoconstriction and coronary vasospasm, myocar-
dialischemia [21], and subsequently damage and necrosis [22, 23].
Chronically elevated catecholamine levels lead to significant de-
sensitization of cardiac B-adrenoceptors [24]. The increased levels
of the enzyme B-adrenoceptors kinase in the heart seems to me-
diate these biochemical and physiological changes that are con-
sistently correlated with attenuated responsiveness to catechola-
mine stimulation [25]. The BARK is one of the G protein-coupled
receptor kinases that phosphorylates B-adrenoceptors after they
have been excited, hence leading to their desensitization [26].

Pathophysiology of CICMPP

During physiologic conditions, catecholamine secretion is well con-
trolled and regulated. However, in PHEO, catecholamines are often se-
creted in an uncontrolled and unpredictable manner [27]. The devel-
opment of CMP is a chronic process that requires chronic sustained el-
evation of catecholamines as often seen in PHEO. More specifically,
norepinephrine can augment myocardial oxygen demand, cell death

and injury, attenuates cardiac performance, thus leading to systolic
heart failure and dilated CMP [28]. The disproportion between myocar-
dial oxygen supply and demand leads to subendocardial ischemia [29].

Some of the mechanisms involved in catecholamine-induced
CMPinclude desensitization of B;-adrenoceptors, intracellular cal-
cium overload, oxidative stress, and mitochondrial dysfunction.
The over excitation of B;-adrenoceptors heightens the inotropic
and chronotropic activities of the heart and is accompanied by sec-
ondary rise in myocardial oxygen demand, surpassing the oxygen
delivery often producing hypoxic areas in the heart [30,31]. The
significant elevation in the myocardial cytosolic and mitochondri-
al calcium is the hallmark of sustained catecholamine exposure
[22]. The excessive accumulation of calcium in the mitochondria
initiates oxidative stress and mitochondrial permeability transition
ultimately leading to apoptosis and necrosis (> Fig. 1) [31]. The ox-
idative stress brought about by prolonged exposure to high cat-
echolamine levels initiated by increased mitochondrial calcium oc-
curs via the following mechanisms: 1) during oxidative deamina-
tion of catecholamines, hydrogen peroxide is formed, and through
catalysis, hydrogen peroxide may be transformed to a more reac-
tive hydroxyl radical [30], 2) stimulation of o;-adrenoceptors by
catecholamines activates nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase and consequently the production of super-
oxide anion radicals in heart muscle cells [32], and 3) toxic com-
pounds called “aminochromes” are formed by auto-oxidation (low
rate) of catecholamines. The process of auto-oxidation is signifi-
cantly sped up by the presence of oxygen free radicals and by ca-
talysis brought about by different enzymes such as xanthine oxi-
dase, myeloperoxidase, and cytochrome oxidase.

The oxidation of catecholamines also produces cardiotoxicity
[33]. Several studies elucidated the different cellular toxicity of ami-

Excessive catecholamine seeretion |

Overexcitation of
catecholamine receptors

Desensitization of B adreno-
Ceptors to catecholamine cxposure

Sustained catecholamine

Heightens the inotropic and

| Derangement in the B-AR signaling l

Increased myocardial cytosolic

chronotropic activities of the heart

and mitochondrial calcium

Imbalance between myocardial Heart failure Oxidative stress and mitochondrial
oxygen supply and demand permcability transition
Hypoxic arcas in the heart-ischemia | ] Apoptosis and nccrosis
TAKOTSUBO HYPERTROPHIC AND
CARDIOMYOPATHY DILATED
CARDIOMYOPATHY

» Fig. 1 Pathophysiology of catecholamine-induced cardiomyopathy pheochromocytoma [21,22,29-31,43,44]. B-AR: Beta adrenoceptor.
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nochromes in the cardiac and nervous tissue [34, 35]. In the coro-
nary vasculature, aminochromes employ their direct toxic effects
by vasoconstriction. The adrenochrome, which is formed through
oxidation of epinephrine by tyrosine [36], induced arrhythmias and
sudden cardiac death in anesthetized rats [37]. The rate of reaction
for epinephrine is significantly faster compared to norepinephrine,
thus the reduction peak for adrenochrome is larger for epineph-
rine; it shifts the equilibrium potential favoring more production
of epinephrine. Yates et al. assessed the effects of adrenochrome
and other metabolites of epinephrine on the contractile activity of
the rat’s heart and study showed that those hearts perfused with
adrenochrome showed histologic damages. During higher concen-
trations of adrenochrome and after 10 min of perfusion, there were
alterations in the appearance of the mitochondria characterized by
ultrastructural changes. This study concluded that adrenochromes
were partly responsible for producing heart failure and necrosis fol-
lowing massive catecholamine injections in intact animals [38]. In
the study done in rat by Taam et al., the authors determined the
effects of adrenochrome on myocardial energy production by ex-
amining changes in the content of adenine nucleotide and mito-
chondrial oxidative phosphorylation activities of the heart. The
adrenochrome-perfused rats’ hearts displayed a striking decline in
the contractile force within 5 min and this was coupled with rapid
decreased in ATP/AMP ratio. At higher concentrations of adreno-
chrome, there was inhibition of the mitochondrial oxidative phos-
phorylation activities in the heart. This inhibitory effect strength-
ened the same mechanism involved in the presence of excessive
mitochondrial calcium. The adrenochrome together with excessive
calcium in the cardiac myocytes may weaken the process of ener-
gy production in mitochondria and this may decrease cardiac con-
tractility [39]. Although there are lots of studies involving amino-
chromes, there is still no study involving measurement of amino-
chrome levels in patients diagnosed with PHEOs.

Clinical Presentations of Different Types of
CICMPP

A suspicion of CICMPP should always be made whenever a PHEO
patient presents with symptoms of heart failure, hypotension, and
multisystem crisis in the absence of coronary and valvular heart
disease or with no known definite etiology. There are 3 types of car-
diomyopathies that can be present in a PHEO patient. Zhang et al.
did an analysis on the association of PHEOs and CMP [40]. They in-
cluded 163 cases of PHEO with CMP [63 dilated cardiomyopathy
(DCM), 38 takotsubo cardiomyopathy (TCM), 30 inverted TCM, 10
hypertrophic cardiomyopathy (HCM), 8 myocarditis, and 14 were
of unspecified type]. Hypertension was more prevalent in those
with HCM (80 %) and DCM (83 %) than the classic TCM and invert-
ed TCM, myocarditis and unspecified type of CMP [40]. Hyperten-
sion is common to PHEO and in itself can cause CMP [41]. Moreo-
ver, Fereirra et al. in their study found that previously diagnosed
PHEO patients had a normal left ventricular mass index compared
to their healthy control counterparts, and a lower left ventricular
mass index compared to their hypertensive control counterparts
and newly diagnosed patients preoperatively [42]. Palpitations,
headache and diaphoresis were more prevalent in patients with

HCM, while congestive heart failure at first presentation were com-
mon in those with DCM as compared to other subtypes [40].

Different types of CMP are formed by means of heart adaptation
to catecholamine excess. Heart overstimulation by catecholamine
leads to reversible G, to G; intracellular activation of B, receptors
predominantly in the apex resulting to decreased contractility and
hypokinesia, which automatically returns to G signaling with re-
duced stimulation, characterized TCM. On the other hand, HCM
and DCM involves sympathetic stimulation of cardiac muscles,
which leads to adaptive mechanisms and resulted to B adrenocep-
tors desensitization [40, 43]. In spite of this compensatory mech-
anisms, chronic exposure to catecholamine results to interstitial
fibrosis, cardiac muscles apoptosis, and reduced contractility due
to structural changes leading to CMP as seen in HCM and DCM [44].

As to what type of cardiomyopathy in a patient with untreated
PHEO will develop is still unknown, whether it is related to some
certain biochemical phenotypes is still a question for researchers,
but chronicity of exposure to catecholamine and means of adap-
tations of cardiac myocytes to catecholamine exposure are some
of the factors [40,43].

Dilated cardiomyopathy (DCM)

CICMPP is usually associated with characteristic features of DCM.
Common features of DCM as seen by 2-dimensional (2-D) echocar-
diogram or cardiac MRl include enlarged left ventricle (LV), eccen-
tric hypertrophy with global systolic dysfunction that is not attrib-
utable to ischemic or valvular heart disease. The echocardiogram
may also show dilated left atrium, elevated end diastolic pressure,
and upper normal range or modestly elevated pulmonary artery
pressure [10,45-49].

Takotsubo cardiomyopathy (TCM)

Takotsubo-like CMP presents often with acute chest pain, occasion-
ally with symptoms of heart failure and most commonly with S-T
segment changes mimicking acute coronary syndrome, accompa-
nied with regional LV dysfunction and mildly abnormal cardiac bi-
omarkers [9,50-52]. It is an acute, reversible condition, which in-
volves a stress- or neuroendocrine-mediated process with distinct
echocardiographic findings of apical ballooning (contractile dys-
function most prominent at the apex) and hypercontractility at the
base of the left ventricle. Some patients also present with reversed
TCM characterized by wall motion abnormality of the basal por-
tions of the left ventricle with compensatory hyperkinesia at the
apex [53-55]. The coronary angiography shows no evidence of
acute obstructive coronary artery disease (CAD). The dysfunction
is attributed to catecholamine surge leading to regional microvas-
cular dysfunction accompanied by intracellular calcium overload
[56]. Wittstein et al. also suggested that it may also be related to
catecholamine-induced reversible coronary vasoconstriction lead-
ing to myocardial ischemia [57].

Agarwal et al. performed the analysis of 38 patients with takot-
subo cardiomyopathy in PHEO (TCM-PHEQ) and compared it with
a review, which examined primary takotsubo cardiomyopathy
(TCM-p). They found that unlike in TCM-p, TCM-PHEO have less
common antecedent stressors [58]. Occasionally, they would pres-
ent with severe left ventricular dysfunction, akinetic segments at
base and mid ventricle, and hyperkinetic apex (inverted/reversed
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TCM) [52,59]. Other studies suggested that variations in the anat-
omy of cardiac sympathetic nerves and distributions of adrenocep-
tors might have been the cause of differences in the segmental wall
motion abnormality of the myocardium. Regardless of the pres-
entation, whether classic or inverted/reversed, TCM-PHEO should
be considered in patients diagnosed with acute coronary syndrome
with unremarkable coronary angiogram results but with pro-
nounced blood pressure variability [60].

Hypertrophic cardiomyopathy (HCM)

In patients with HCM, symptoms of heart failure may develop at
any age, with limitation in functional capacity due to fatigue or ex-
ertional dyspnea. In advanced stages, they may be accompanied
by orthopnea or paroxysmal nocturnal dyspnea. Patient may expe-
rience chest pain in the absence of atherosclerotic CAD, and this
may result from structural microvasculature abnormalities. Patient
may have syncope, near-syncope, or light-headedness due to ar-
rhythmias or outflow tract obstruction. Palpitations are usually not
uncommon and may be secondary to ventricular or supraventricu-
lar arrhythmias. Physical examination findings may be variable. A
medium-pitch systolic ejection murmuris present at the lower left
sternal border and apex, which changes in intensity depending on
the magnitude of the subaortic gradient. Increased voltages sec-
ondary to left ventricular hypertrophy, ST-T changes, left atrial en-
largement, deep and narrow Q waves, and diminished R waves in
the lateral precordial leads are the most common electrocardio-
graphic abnormalities [61]. Huddle et al. and Jacob et al. reported
cases of PHEO associated with echocardiographic features simulat-
ing hypertrophic obstructive cardiomyopathy. Both patients have
left ventricular posterior wall and inter-ventricular septal hypertro-
phies, with systolic anterior motion of the anterior mitral valve leaf-
let, elevated mean left ventricular outflow gradient with normal
ejection fraction. Repeat echocardiography several months after
resection of PHEO showed absence (decreased for |acob et. al.) of
systolic anterior motion of the anterior mitral valve leaflet with sig-
nificantly decreased left ventricular outflow gradient and still with
normal ejection fraction [11,62]. The hypertrophic changes arein
part attributable to direct toxic effect of catecholamine in the
myocardium. These echocardiographic features of obstructive
hypertrophic cardiomyopathy frequently disappeared orimproved
after surgical resection of PHEO [63, 64] » Table 1 shows the echo-
cardiographic findings of different types of catecholamine-induced
cardiomyopathy.

Associated Clinical Features, Diagnostic Tests and
Imaging Features that Could be Present in all Three
Types of CICMPP

Left ventricular dysfunction as a feature of CICMPP

Fereirra et al. conducted a prospective study investigating the extent
of cardiac involvement on PHEO patients using cardiac MRI. This
study includes 125 subjects comprising of newly (n=29) and previ-
ously (n=31) diagnosed PHEO patients, age- and sex-matched
healthy control subjects (n=51), and subjects with essential hyper-
tension (n=14). The cardiac MRIfindings of each group of PHEO pa-
tients were compared with both age- and sex-matched healthy con-
trol subjects and hypertensive control subjects. The study revealed
that newly diagnosed PHEO patients had lower mean left ventricular
ejection fraction (LVEF) as compared to both control subjects. Post-
operatively, follow up paired analysis showed an improvement on
the average LVEF. There was mild global left ventricular dysfunction
(LVEF 44 % to 56 %) in 38 % (11 out of 29) of patients, but in those
available for follow up, returned to normal at 1 year post operative-
ly. Impaired peak systolic circumferential strain and diastolic strain
was seen at newly diagnosed patients during baseline interrogations
as compared with both control subjects (both p<0.05). During fol-
low up paired analysis, these dysfunctions still remained [42].

Subjects with previously diagnosed and surgically removed
PHEO had a normal mean LVEF, and higher than the newly diag-
nosed subjects. However, there was no difference when compared
with both control subjects (both p value not significant). Despite
the normal LVEF, these subjects had mildly impaired peak systolic
circumferential strain compared to their healthy control counter-
parts, but there was no significant difference when compared to
the hypertensive control subjects. With regards to their diastolic
strain rate, previously diagnosed and surgically removed PHEO pa-
tients had significantly more impaired diastolic strain rate com-
pared with both control subjects. This impairment was also seen
post operatively in newly diagnosed patients during follow up [42].

In PHEO-induced CMP, ventricular function may be improved
and returned to baseline post surgery, however, the abnormality
with regards to peak systolic strain rate and diastolic strain rate per-
sisted [40].

Acute coronary syndrome-like presentation

PHEO patients could also present with symptoms, laboratory and
ECG findings suggestive of acute coronary syndrome. In some case
studies, patients presented with symptoms of retrosternal pain ra-

» Table 1 Echocardiographic findings of different types of catecholamine-induced cardiomyopathy in pheochromocytoma.

Types of Cardiomyopathy and Echocardiographic Findings

Dilated Takotsubo

Dilatation of LV and possibly RV with no to
minimal wall thickening (eccentric hypertrophy),
with or without LV systolic dysfunction. LV global
hypokinesia is commonly seen however SWMA
may also be present [56]

Classic-apical ballooning (contractile
dysfunction most prominent at the apex) and
basal hyperkinesia [56]. Reversed/inverted- aki- (concentric hypertrophy), with or without
netic segments at base and mid ventricle, and
hyperkinetic apex. [52,59]

Hypertrophic

Typically normal or reduced dimensions of
internal chamber, significant wall thickening

systolic anterior motion of anterior mitral
valve leaflet [61]

LV: Left ventricle; RV: Right ventricle; SWMA: Segmental wall motion abnormality.
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diating to both upper limbs, accompanied by palpitations. The ECG
revealed ST depression in the anterior and inferior aspects, elevated
troponin T, and echocardiogram showed severe hypokinesis of an-
terior septal, basal, inferior, and posterior segments with normal sys-
tolic function [48]. On the other hand, due to high levels of catecho-
lamines, even without myocardial ischemia or infarction, patients
can present with inverted T waves, hyperacute T waves, ST elevation,
abnormal R wave progression, and diffused low voltage [65].

In a study done by Schurmeyer et al. including 106 patients, en-
docrine and cardiologic findings in 106 patients with PHEO were
assessed. It was found that 26 % of patients had symptoms of CAD,
24 % of patients had problems with contractility, 12 % presented
with possible myocardial infarction, 7 % with acute left heart fail-
ure, and 6 % with myocardial infarction [45]. However, several stud-
ies showed that coronary angiography usually revealed no evidence
of significant obstructive CAD even if patients presented with clin-
ical signs and symptoms of myocardial infarction, CAD, or heart
failure [49, 66-69]. Coronary angiography is basically used to es-
tablish the presence and severity of obstructive CAD in a condition
in which a diagnosis is not certain and CAD cannot be ruled out by
non-invasive testing [70]. Unless patients have significant risk fac-
tors for CAD, objective evidence of acute myocardial infarction,
and absolute indications for coronary angiography, coronary angi-
ography is not cost effective in patients with PHEQ, although this
should still be proven in a randomized control study.

Acute pulmonary edema

PHEQ patients could also present with symptoms and signs of pul-
monary edema and/or hypertensive crisis, and rarely with refrac-
tory cardiogenic shock requiring mechanical circulatory support
[51,71]. Acute onset of dyspnea due to pulmonary edema has been
described as the initial presentation of PHEO [72,73]. Pulmonary
edemais believed to be caused by decompensation in the setting
of CMP and severely increased peripheral vascular resistance [72].
Moreover, patients rarely presented with non-cardiogenic pulmo-
nary edema due to catecholamine-induced transient elevation in
pulmonary capillary pressure, and permeability [73, 74] increased
pulmonary neutrophil accumulation [73], increased hydrostatic
pressure due to overfilling or constriction of the pulmonary veins
even in the absence of overt left ventricular dysfunction.

Myocarditis

Chronic exposure to catecholamine leads to downregulation of
B-adrenoceptors leading to suboptimal function of myofibers and
decreased number of contracting units. The histologic changes that
are usually observed include contraction band necrosis, neutrophil
infiltration, and fibrosis. Myocarditis can be also caused by sudden
excessive release of catecholamines, which produces diffused my-
ocardial edema seen on T2 weighted images and focal midwall late
gadolinium enhancement (LGE) on cardiac MRI [47]. Thus, patients
with catecholamine-induced myocarditis usually present with heart
failure symptoms such as easy fatigability, dypnea, paroxysmal noc-
turnal dyspnea, and bipedal edema. This may emulate several car-
diac conditions, rendering difficulty in definitive diagnosis. Diag-
nostics tests like ECG, chest X-ray, and echocardiogram are incon-
clusive of myocarditis compared to cardiac MRI that can show
myocardial changes specific for acute myocarditis.

Fereirra et al. found that there was an increase in the incidence
of focal myocardial fibrosis in both newly diagnosed and previous-
ly diagnosed patients with PHEO. On cardiac MRI, 59 % of newly di-
agnosed PHEO patients exhibited a non-ischemic pattern (midwall,
subepicardial, or patchy) scarring. Native T; mapping can be used
to assess myocardial fibrosis in various cardiomyopathies [75, 76].
The study of Ferreira et al. also revealed that newly diagnosed PHEO
patients had significantly higher average left ventricular myocar-
dial T; values when compared with those of healthy and hyperten-
sive control subjects (both p<0.05). Newly diagnosed PHEO pa-
tients showed significantly larger areas of myocardial involvement
compared to their controlled (healthy and hypertensive) counter-
parts. Moreover, during follow up paired analysis, the area of T; ab-
normality was significantly reduced, although it did not return to
normal compared with healthy control subjects. Subjects with pre-
viously diagnosed, surgically treated PHEO with no evidence of ac-
tive disease also exhibited significantly bigger areas of involvement
of myocardium as detected by native T; mapping as compared with
both control groups. This finding was similar to that observed in
newly diagnosed patients during follow up post operatively [42].

Arrhythmias

In areview done by Lenders et al. it was found that around 50-70 %
of patients with PHEO experienced palpitations [77]. Cardiac ar-
rhythmias may be presentin 20 % of patients with PHEO and include
sinus tachycardia, sick sinus syndrome, supraventricular tachycar-
dia, and ventricular tachycardia [49-55, 57-78]. In a study by Schu-
mayer et al., ECG on admission was recorded in PHEO patients and
it was concluded that there were no typical ECG abnormalities that
would characterize excessive catecholamine secretion [45].

Some ECG findings that may be found in catecholamine-secret-
ing PHEO patients include right axis deviation, generalized low volt-
age [79], ventricular hypertrophy [80], abnormal R wave progres-
sion, abnormally peaked P waves, low amplitude orinverted T waves,
elevation of ST segment, T wave changes, prolonged corrected QT
interval, sick sinus syndrome, supraventricular and ventricular tach-
ycardia, torsades de pointe, and ventricular fibrillation [65, 8 1-84].

PHEO is a rare cause of fatal arrhythmia like ventricular tachy-
cardia and torsades de pointes [85, 86]. There is still no exact data
regarding the incidence of fatal arrhythmias in patients with PHEO.
The prolonged excessive catecholamine secretion from PHEO stim-
ulate the B-adrenoceptors, which could lead to mild or severe ar-
rhythmias [71].

Cardiogenic shock

Hypotension may be also a sign of PHEO and may signify extensive
myocardial involvement [87]. Patients with predominantly epi-
nephrine-secreting tumors may present with hypotension and even
shock in some severe cases [88]. Hypotension may also be second-
ary to sudden cessation of catecholamine secretion by PHEO re-
moval in a patient with very low circulatory volume secondary to
vasoconstriction and desensitized B-adrenoceptors [89]. PHEO
should always be a consideration in patient who presents with se-
vere hypotension especially if this was accompanied by abdominal
pain, dyspnea secondary to pulmonary edema, pupil dilatation un-
responsive to light stimulation, severe weakness, diaphoresis, cy-
anosis, hyperglycemia, and leukocytosis [14,90-92].

Santos |RU et al. Management of Cardiomyopathy in Pheochromocytoma... Horm Metab Res 2019; 51: 458-469 463

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



& Thieme

Twenty percent of patients with PHEO may have hypotension,
and 2% may present with cardiogenic shock [93]. Epinephrine- or
dopamine-secreting PHEOs may present with hypotension since,
specially epinephrine acts mainly on f2-adrenoceptors situated on
smooth muscles or peripheral arteries. On the other hand, norep-
inephrine-secreting PHEO manifests with hypertension due to
al-adrenoceptor mediated peripheral vasoconstriction [94, 95].

Therapeutic Management of CICMPP

The prompt recognition of the condition is important in the man-
agement of CICMPP [96-98]. Preoperative 2D echocardiogram
should be strongly considered to all patients diagnosed with PHEO,
whether or not they present with signs and symptoms of heart fail-
ure because asymptomatic patients may have echocardiographic
evidence of systolic or diastolic dysfunction.

Cardiac magnetic resonance has also emerged as an important
diagnostic imaging in evaluation of metabolic cardiomyopathies
such as caused by PHEOs. The study of Mavrogeni et al. discussed
the role of CMR in the diagnosis, risk stratification and follow up of
metabolic cardiomyopathies. CMR has the ability to accurately as-
sess the anatomy, function, inflammation, rest stress myocardial
perfusion, myocardial perfusion, aortic distensibility, iron and or
fat deposition, thus can be utilized to for early detection of heart
involvement, risk stratification, treatment evaluation and long term
follow up of patient with metabolic cardiomyopathies including
CICMPP [99]. Initial management is very important because it is
related to a patient’s prognosis [100]. Managing CICMPP is depend-
ent on the type of its presentation [101], but clinicians should al-
ways consider specific treatment that will be initiated because
some medical management that are usually given for specific con-
dition may be absolutely contraindicated for PHEO [88]. Since it
presents with various life threatening conditions such as heart fail-
ure, myocardial infarction, arrhythmias and shock, a definite PHEO
diagnosis should be established immediately [101].

Once diagnosis of CICMPP is established, and patient is in acute
decompensated heart failure, patient should be managed in thein-
tensive care unit [97]. Management of CICMPP involves the stabili-
zation of blood pressure by a-adrenoceptor blockers followed by
B-adrenoceptor blockers and surgical resection of PHEO once clini-
cally stable [100]. Central to its therapeutic management is the use
of a-adrenoceptor blockade to inhibit their effects on a-adrenocep-
tors and, therefore, many organ functions. To prevent unopposed
o-adrenergic action, B-adrenoceptor blockers are added to control
tachycardia but only after appropriate a-adrenoceptor blockade
[88]. Target preoperative blood pressure is equal or less than
130/80 mmHg while sitting and about 100 mmHg while standing
(but not less than 80/45 mmHg) and target heart rate of about
60-70 bpm when sitting, and 70-80 bpm when standing [102].

Blood pressure may not be easily controlled. Prolonged
o-adrenoceptor stimulation of increased levels of catecholamine
could lead to intravascular volume contraction, and eventually hy-
potension. Thus, appropriate dosage of a-adrenoceptor blockers
is very important. Inadequate dosage could lead to hypertensive
crisis and eventually hemodynamic instability [103]. In cases of
acute decompensated CMP, intravenous boluses of phentolamine
is preferred over phenoxybenzamine because it has rapid onset of

action, so any adverse effects like hypotension would be short last-
ing. Once cardiovascular status is deemed to be stable after initia-
tion of phentolamine bolus, phenoxybenzamine can be started
with uptitration of dosage in the following days to achieve the tar-
get blood pressure [97]. Phentolamine could also be given as an
intravenous infusion, especially for those with labile blood pres-
sure. Once acute decompensation of CICMPP has resolved, an in-
travenous esmolol infusion could be started for heart rate and
blood pressure control after adequate alpha blockade was given
[103]. The Endocrine Society recommends a personalized approach
in managing patients with PHEO. All patients with hormonally func-
tional PHEO should be given a-adrenoceptor blockade for at least
7 days prior to surgery [88].

Patients with CICMPP who present with acute heart failure
should be given adequate diuretics to prevent respiratory failure.
One of the setback in giving diuretics is when the case is compli-
cated with hypotension, may it be secondary to intravascular vol-
ume contraction or systolic heart failure. A CVP line-guided mon-
itoring of fluid status should be considered, in order to aid the cli-
nician with adequate fluid resuscitation. Vasopressors such as
norepinephrine, epinephrine, and dobutamine may be used, but
may not be effective [91, 104, 105]. Mechanical circulatory support
such as intra-arterial balloon counterpulsation or extracorporeal
life support may be needed in cases of refractory hypotension
[98,106]. Riester et al. did a systematic analysis of case reports of
those patients who presented with life threatening complications
such as CMP, myocardial infarction, pulmonary edema, cerebro-
vascular stroke, ischemic ileus, acute renal failure, and multiple
organ failure. This study included 135 patients in three different
referral centers in Germany in which 15 patients were admitted to
the ICU due to life threatening complications. Among these 15 pa-
tients, three required a cardiac assist device in order for the cardi-
ac output to improve. One of these three patients who had cardiac
assist device had CMP, multiple organ failure (lung and kidneys),
and eventually succumbed to death [51]. Hekimian et al. performed
a prospective and systematic review on patients with PHEO-in-
duced refractory cardiogenic shock treated with venoarterial-ex-
tracorporeal membrane oxygenation (VA-ECMO). The ejection frac-
tion of all patients included was very severe (median LVEF 15 %). Of
the 34 who were placed on VA-ECMO, all survived except for two
patients [52].

ACE inhibitors or angiotensin receptor blockers are part of the
pharmacologic therapy in patients with heart failure. One study,
which used captopril, reported reversal of heart failure in a patient
with PHEO and catecholamine-induced CMP. The signs and symp-
toms of heart failure improved within eight hours of administration
of captopril and normalization of ejection fraction from 46 % to 60 %
after two weeks treatment with captopril and alpha blockade was
noted, however, this may be a class effect [107]. ACE inhibitors in-
hibit the growth and proliferation of myocytes and act as free rad-
ical scavengers, and improved signs of left-sided heart failure
[96, 108]. Until now, there is still no guideline recommending spe-
cific ACE inhibitor or ARB in the treatment of CICMPP.

Myocardial changes in CICMPP are improved in most cases after
the administration of appropriate pharmacologic treatment and
resection of PHEO. Time for improvement of heart changes due to
CICMPP may take as short as 1-2 weeks or may be up to several
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months [71]. » Fig. 2 shows the algorithm on the approach to pa- .
- . Conclusion
tient in management of CICMPP. » Table 2 shows the targeted di
agnostic and therapeutic modalities for catecholamine-induced = Managing CICMPP is very complex. There are still no specific guide-
cardiomyopathy depending on clinical presentation. lines on managing this type of complication; however, there are
some recommendations based on the general principles of man-
aging patients who presented with hypertensive crisis, heart fail-
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> Table 2 Targeted diagnostic and therapeutic modalities for catecholamine-induced cardiomyopathy depending on clinical presentation.

Clinical Presentation

Heart failure symptoms,
pulmonary congestion
(Dilated cardiomyopathy)

Chest pain
(Takotsubo cardiomyo-
pathy)

Left ventricular outflow
tract obstruction
(Hypertrophic
Cardiomyopathy)

Hypertension

Diagnostic

Echocardiogram to assess for systolic and diastol-
ic dysfunction, and wall motion abnormalities
[56]

1. ECG- typically ST elevation in acute phase,
followed by diffuse T wave inversion and QT
prolongation and subsequent resolution

2. Cardiac biomarkers- minimally elevated

3. Echocardiogram- assess for systolic and diastolic
dysfunction, and wall motion abnormalities
(Classic vs. Reversed Takotsubo cardiomyopathy)
4. Coronary angiography- to rule out obstructive
coronary artery disease

Echocardiogram- increased left ventricular mass
with or without systolic anterior motion and
increased left ventricular outflow gradient [61]

Blood pressure monitoring

Therapeutic

Pharmacologic

Alpha blocker [88]

Beta blocker [88]

Calcium channel blocker [88]
ACEI

Diuretics [88]

Alpha blocker
Beta blocker [88]

Cautious diuretic use if
patient also present with
heart failure symptoms
Beta blockers

Alpha blocker [88]

Non Pharmacologic

Surgical resection [88]

Surgical resection [88]

Surgical resection- systolic anterior
motion and elevated left ventricular
outflow gradient will resolve after
resection

Surgical resection [88]

Hypotension Intra-arterial blood pressure monitoring

Central venous pressure monitoring

Arrhythmia ECG
Cardiac monitor
EPS to rule out accessory pathways

Beta blocker [88]
Calcium channel blocker [88]
ACEI [88]

Intravenous hydration Vasopressors (norepinephrine,

[88,97] epinephrine, dobutamine)

Alpha blocker [88] combined with mechanical
circulatory support [103]
Intra-aortic balloon counterpulsa-
tion [98,104]
Veno-arterial-extra corporeal
membrane oxygenation [51, 104]
Left ventricular assist device [50]

Beta blocker [88]
Calcium channel blocker [88]
Antiarrhythmics

ACEIl: Angiotensin converting enzyme inhibitor; ECG: Electrocardiogram; EPS: Electrophysiology.

ure, and cardiogenic shock. Please note that when managing CIC-
MPP, one should take into consideration specific precautions in
terms of intravenous fluid administration, type of antihypertensive
medication that should be used, as well as heart failure medica-
tions, timing of surgery, and use of mechanical circulatory support.

The key to successful management of CICMPP is an urgent rec-
ognition of different clinical signs and symptoms pointing to this
diagnosis and the detection of PHEO, requesting the appropriate
diagnostic procedures, suitable administration of appropriate med-
ical therapy, and definitive surgical therapy once clinical stabiliza-
tion is achieved.

Follow up of these patients is also very important as part of its
management so as to detect early recurrence of disease even if pa-
tients are asymptomatic to avoid life threatening complication due
to sudden catecholamine release. Although in most cases of CIC-
MPP there is a recovery of systolic function with improvement of

in terms of wall motion abnormalities and ejection fraction, there
may be residual subclinical impairment as demonstrated by peak
systolic strain rate and diastolic strain rate resulting in suboptimal
long-term cardiac function [42].
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