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Abstract

Background Pheochromocytoma is a rare catecholamine-producing tumour originating from adrenal chromaffin
cells. Classic clinical presentation includes headache, diaphoresis and palpitation. Syncope is uncommon and may
result from hypotension or arrhythmia. We report a case of neurally mediated syncope in pheochromocytoma associ-
ated with cardiac repolarization abnormalities, a unique presentation of the disease.

Case presentation This case report presents a 28 year-old woman, describing recurrent syncope usually preceded
by prodromes such as headache, visual blurring, heart palpitations and psychomotor agitation. Firstly she was diag-
nosed with anxiety and depression, but there was no improvement of symptoms with psychiatric treatment. Previous
Holter revealed long QT interval. Echocardiogram showed normal dimensions, preserved left ventricular function

and no valvopathies. The patient was referred for a Head-up tilt test (HUTT) in order to investigate reflex syncope.

The electrocardiogram (ECG) exhibited normal sinus rhythm and diffuse cardiac repolarisation abnormalities. HUTT
was positive for vasodepressor type neurally mediated syncope and ECG showed U waves after a syncope episode.
This electrocardiographic finding motivated further clinical investigation. The patient also described abdominal pain,
increased abdominal volume, weight loss and blood pressure instability. Based on clinical history and ventricular repo-
larisation abnormalities uncovered by HUTT, pheochromocytoma was suspected. Urinary test was positive for cat-
echolamines and the abdominal imaging revelead expansive lesion. She underwent surgery to remove the pheochro-
mocytoma, confirmed by immunohistochemistry.

Conclusions After surgery she had no recurrency of symptoms, remaining asymptomatic after six years of follow-up,
suggesting a cause-effect relationship between neurally mediated syncope and pheochromocytoma.
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Background

Pheochromocytoma is a rare neuroendocrine tumour
that produce catecholamines and originate from the
chromaffin cells of the adrenal medulla. It may be caused
hereditarily, associated or not with genetic syndromes
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ondary hypertension is frequent. Syncope is uncommon
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and usually is a consequence from orthostatic hypoten-
sion or arrhythmias. These arrhythmias include sinus
tachycardia, atrial fibrillation and ventricular tachycar-
dia [2]. This case report presents a patient with recur-
rent syncope and cardiac repolarisation abnormalities+
due to pheochromocytoma, a unique presentation of the
disease.

Case presentation

Patient information and clinical findings

A 28-year-old woman, reporting more than 20 episodes
of syncopes started one year before referral to our ser-
vice. Events were preceded by visual blurring, nausea
and sudden heart palpitations and were not related with
body position changes. At the time, she sought medical
care several times, receiving a diagnosis of major depres-
sive disorder and generalized anxiety disorder with a
prescription for neuroleptics (10 mg of Escitalopram and
2 mg of Clonazepam per day for a few weeks). As the
symptoms persisted despite treatment, she was referred
for a Head-up Tilt Test (HUTT) by the assistant neurolo-
gist to investigate reflex syncope. Medications were dis-
continued several days before HUTT.

Diagnostic assessment

A previous Holter, requested by patient’s assistant neu-
rologist and performed in another healthcare clinic
(prior to HUTT execution), described a long QT and
QTc interval. Though, the electrocardiogram at rest done
just before HUTT showed a normal sinus rhythm (heart
rate was 105 bpm), nonspecific ventricular repolarisa-
tion abnormalities (Fig. 1A) and normal QT interval of
320 ms (QTc 423 ms). Then, QT prolongation was not
confirmed by our assessment. Echocardiogram showed
normal dimensions and preserved left ventricular func-
tion without structural disease.

The HUTT was performed in the morning, in a calm
environment, with an 8-h fast and consisted of a rest
phase in a supine position for 10 min followed by the
baseline phase with passive inclination of the table with
plantar support at 70° (20 min). The sensitisation phase,
that normally occurs in the tenth minute, using 1.25 mg
of isosorbide dinitrate (if the patient remains asymp-
tomatic in the first phase) was not necessary, because
patient presented symptoms during orthostatic stress
(between sixth and eighth minute).

In the resting phase, the blood pressure (BP) and heart
rate (HR) were 110/70 mmHg and 98 beats per minute
(bpm), respectively. After adopting orthostatic pos-
ture, there was an immediate and rapid drop in BP and
significant increase in HR. It reached 90/50 mmHg in
the second minute, 70/50 mmHg in the fourth min-
ute and 60/30 mmHg in the sixth minute. Regarding
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the behaviour of heart rate, during orthostatic stress,
it reached out 137 bpm in the second minute, 151 bpm
in the fourth minute and 157 bpm in the sixth minute
(Fig. 2A).

Syncope happened around sixth and eighth minute
and it was preceded by an increase in heart rate (sinus
tachycardia). After assuming a lying position, electrocar-
diography revealed a junctional rhythm and even more
evident abnormalities in ventricular repolarization with
the presence of U wave (Fig. 1B) and ventricular ectopy
(Fig. 1C) after syncopal event. Thus, HUTT was positive
for vasodepressor type neurally mediated syncope.

These electrocardiographic peculiarities unmasked
by HUTT motivated further clinical investigation. In a
more detailed anamnesis, the patient complained about
abdominal pain, increased abdominal volume, uninten-
tional weight loss, sugar craving, blood pressure instabil-
ity and burning chest pain not associated with exertion.
Physical examination showed a palpable abdominal mass.

Based on clinical history and ventricular repolarisation
abnormalities uncovered by HUTT, urinary catechola-
mines, thyroid function and abdominal ultrasound (US)
were requested. One month later, the patient underwent
laboratory and imaging tests. US showed a large hetero-
geneous expansive lesion occupying the right flank, with
the hypothesis of pheochromocytoma being suspected.
Abdominal computed tomography (CT) scan confirmed
the US finding, revealing solid-cystic lesion located in
the right adrenal gland (Fig. 3A). Urine normetanephrine
was 5.693 mcg/24 h (reference<732), metanephrine
213,8 (reference <280), adrenaline 13,8 (reference<27),
noradrenaline 1.154,7 (reference<97) and dopamine
330,4 (reference <540). Patient was hospitalised for sur-
gery. At admission she did not have any hydro electrolyte
disorder. During hospitalization, she presented a syncope
episode with undocumented ventricular tachycardia only
seen on the cardiac monitor in the intensive care unit.
The pre-operative preparation included alfa (12 mg of
prazosin) and beta (200 mg of metoprolol) blockade last-
ing for 37 days prior to surgery. In the subsequent pre-
operative care, the 15X20 cm in diameter tumour was
removed (Fig. 3B). The diagnoses of pheochromocytoma
were endorsed by immunohistochemistry.

Follow-up and outcomes

After surgery the patient had no recurrency of symp-
toms, including no other episodes of syncopes, remaining
asymptomatic after six years of follow-up, without need-
ing any medication.

At the present time, a second HUTT was performed.
It showed regular hemodynamic parameters during
orthostatic stress (Fig. 2B) and no signs of neurally medi-
ated syncope. It also exposed normal sinus rhythm and
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Fig. 1 A Resting electrocardiogram shows normal sinus rhythm with nonspecific ventricular repolarisation abnormalities and normal QTc (423 ms).
B HUTT's electrocardiographic registry shows junctional rhythm with the presence of U wave. C Junctional rhythm with ventricular ectopy
after syncopal event. D Normal sinus rhythm at recovery phase of the follow-up head-up tilt test, six years after tumour removal

no evidence of ventricular repolarizations irregularities
(Fig. 1D).

Discussion and conclusions

Cardiac manifestations related to pheochromocytoma
result from exaggerated, continuous or episodic release
of catecholamines by the tumour. They are noradrena-
line, epinephrine and dopamine.

The main effect of catecholamines on peripheral ves-
sels is vasoconstriction through activation of alpha
receptors. This phenomenon of elevated vascular tone
results in increased peripheral resistance and higher
BP levels, although the relationship between circulating

catecholamine levels and BP is not direct [3]. On the
other hand, the action of catecholamines on beta-
adrenergic receptors may result in increased HR and
inotropism when beta 1 receptors in the myocardium are
activated, favouring the occurrence of tachycardia. The
beta 2 receptors in the peripheral vascular bed activa-
tion can lead to vasodilation and, therefore, a reduction
in vascular resistance and hypotension.

A prior case report associated the occurrence of syn-
cope caused by postural hypotension to pheochromocy-
toma [4]. However, until the present time, there are no
reports that documented the presence of neurally medi-
ated syncope in pheochromocytoma.



Cotias et al. International Journal of Arrhythmia (2024) 25:8

Page 4 of 6

—4— SystolicBP
—@— Dyastolic BP

A B
160 120 =
140
- H—M S
120
Horizontal decubitus
80 /
100 15 ————
80 60 - a
60 4
40
40 / syncope.
20 20
o 0 R— — —— — —

N g 0 0 O N 9 W
- -

1 2 3 4 5 6 7 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 41

Fig.2 A and B.Blood pressure (BP) and heart rate (HR) curves during first and second head-up tilt test, respectively. A Shows rapid drop in BP
and significant increase in HR followed by syncope. B Exhibits normal hemodynamic behaviour during orthostatic stress after six years of tumour

removal

Fig. 3 A CT scan shows solid-cystic lesion located in the right adrenal gland causing compression of the right hepatic lobe, gallbladder, inferior

vena cava and right kidney. B Surgical specimens weighing 6 kg

HUTT can play an interesting role in the evaluation
of syncopal mechanisms in pheochromocytoma and
may help to distinguish neurally mediated syncope
from cardiovascular autonomic neuropathy (dysau-
tonomia). In this case report, we considered HUTT
was positive for vasodepressor type neurally medi-
ated syncope. Although the drop in BP levels occurred
in an early phase of HUTT, which may favour ortho-
static hypotension diagnosis, BP falling was rapid and
accompanied by increase in HR, condition not seen in

neurogenic orthostatic hypotension characterized by
inability to increment HR [5].

Some mechanisms can be postulated to explain the
hypotension: desensitisation of peripheral vessels to
catecholamines; reduced circulatory volume; epineph-
rine-induced vasodilation with increased epinephrine/
noradrenaline secretion rate; and adrenal insufficiency
[6]. The first and second mechanisms cited above are the
most likely to justify the occurrence of hypotension in
the current case.
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The desensitisation of blood vessels to catecholamines
can be explained by recurrent exposure to these neuro-
transmitters during adrenergic crises, resulting in down
regulation of receptors and shifts in their metabolic path-
ways. The reduction in circulating volume could occur
due to an adaptive response to sustained vasoconstric-
tion [4].

The correlation between arterial hypertension and
pheochromocytoma is already well established [7]. It can
lead to hypertensive emergencies that along with ventric-
ular arrhythmias, are responsible for significant mortality
rates [8]. Around 50 to 70% of patients with pheochro-
mocytoma complain of palpitations and 10% have cardiac
arrhythmias [9]. Sinus tachycardia and atrial fibrillation
are the most common ones. Ventricular arrhythmias and
bradyarrhythmias are less frequent. Prolongation of the
QT interval is observed in 16% to 35% of patients that
have pheochromocytomas [9, 10]. The mechanism of
the prolonged QT is still unclear. Also, it can manifest
as sudden cardiac death. These manifestations depend
on tumour phenotype, since noradrenergic, adrenergic,
dopaminergic or mixed release may happen [8].

Abnormalities in ventricular repolarisation are
described in patients presenting with pheochromocy-
toma. A retrospective study published in 2019 evaluated
U wave presence in patients with pheochromocytoma
and the occurrence of this finding before and after sur-
gery to remove the tumour. More than 80% of patients
had U wave before surgery, but only 37% maintained this
abnormality after tumour extraction. Furthermore, an
interesting correlation was identified between urinary
metanephrine levels, tumour size and U wave amount.
Thus, the larger the tumour and the higher the urinary
metanephrine levels, the greater the U wave load [9].

The U wave is the last electrical event of the cardiac
cycle detectable on the electrocardiogram [9]. Three the-
ories seek to explain the pathophysiological mechanisms
of U wave genesis: electro-mechanical stretch; activation
of M cells and depolarisation of the papillary muscles
delays the onset of the action potential [5].

U wave presence associated with pheochromocytoma
could be explained by increases in systemic blood pres-
sure and heart rate. It may overstretch cardiac cells,
leading to microcirculation dysfunction and ischemia,
which can also delay depolarisation of papillary mus-
cles and adjacent tissues [5, 11]. Nevertheless, in this
case report, U waves became more evident just after the
syncopal event, while the patient was in a supine posi-
tion. Also, she was in a bradycardic junctional rhythm
at that moment. Thereby, U wave occurrence cannot be
explained by standard mechanisms in this case.

Finally, regarding the second HUTT, it is important to
emphasize that the patient did not remember how the

Page 5 of 6

test worked, given the time that passed between the two
HUTT. This, as a matter of fact, excludes confusion bias.

This case reports the occurrence of cardiac repolariza-
tion abnormalities and neurally mediated syncope in a
patient with pheochromocytoma. There was a resolution
of syncope after surgery to remove the tumour confirmed
by a second HUTT performed after six years of follow-
up, which could indicate a causal relationship between
the tumour and the neurally mediated syncope. How-
ever, this connection and its mechanisms are not yet fully
elucidated, and further studies are needed for a better
understanding.
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