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What do we know about the subject matter of this study?

Pheochromocytoma in pediatric patients may occur in genetic di-
sorders such as Von Hippel-Lindau disease. It can potentially lead
to a lethal hypertensive emergency caused by the effects of excessive
catecholamine release.

What does this study contribute to what is already known?

Meticulous preoperative medical preparation is essential for a suc-
cessful intraoperative and postoperative course. Optimal periope-
rative pharmacologic control of blood pressure and heart rate is
essential.
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Pheochromocytoma is a rare neuroendocrine tumor in pediatrics. It usually appears in the context  v/op, Hippel-Lindau

of a genetic syndrome and is a potentially curable cause of secondary arterial hypertension. Perio-  jsease;

perative management of blood pressure (BP), as well as other clinical aspects, is a challenge for the A rterial hypertension;

health team. Objective: To emphasize therapeutic particularities specific to Intensive Care and pe-  Catecholamines;

rioperative care of patients with pheochromocytoma. Clinical Case: An 8-year-old schoolboy with Metanephrines

a one-year history of headache associated with precordalgia and hyperhidrosis. He was hospitalized
for hypertensive emergency secondary to a confirmed diagnosis of right pheochromocytoma. Six
weeks later, a successful laparoscopic adrenalectomy was performed after alpha adrenergic bloc-
kade with doxazosin associated with propranolol and calcium antagonists. Von Hippel-Lindau
disease (type 2C) was confirmed, heterozygous variant c.482G>A in the VHL gene. The patient had
an uneventful evolution until the time of follow-up, one year after surgery. Conclusion: BP con-
trol is crucial prior to surgery, with ol adrenergic blockers and calcium channel antagonists being
the fundamental therapeutic measures. B-blockers are reserved for the management of secondary
tachycardia. Intraoperatively, it is essential to be prepared for variations in heart rate and BP both
during anesthetic induction and tumor manipulation.
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Introduction

The prevalence of clinical arterial hypertension
(AHT) in children is 3.5%' and secondary causes are
frequent. Only 6% of them have endocrinological eti-
ology, including pheochromocytoma and paragangli-
oma*’.

Pheochromocytoma is a neuroendocrine tumor
located in the adrenal medulla arising from the chro-
maffin cells of the neural crest cells and commonly
secreting one or more catecholamines (epinephrine,
norepinephrine, and dopamine), which are responsi-
ble for most of the clinical manifestations. Catechol-
amines are partially or totally converted within the
tumor by catechol-O-methyltransferase into inactive
metabolites, metanephrines, and normetanephrine.
Consequently, the release of active catecholamines
into the circulation may be scanty, absent, or parox-
ysmal.

Although pheochromocytoma is a pathology of
very low frequency in the pediatric population, with a
prevalence of 0.2 to 0.5 cases per million?, it is the most
frequent endocrine tumor in childhood. Approximately
20% of pheochromocytomas and paragangliomas oc-
cur in the pediatric age group®. In this population, the
highest incidence is found between 11 and 13 years of
age with a preponderance of male patients (2:1), with a
significant percentage of bilateral involvement and the
existence of a genetic mutation, thus up to 80% of pedi-
atric pheochromocytomas are associated with a genetic
origin®*.

Von Hippel-Lindau syndrome (VHL) is an autoso-
mal dominant inherited disorder characterized by the
development of multiple tumors in different organs,
including pheochromocytomas, hemangioblastomas,
neuroendocrine tumors, and central nervous system
tumors, among others. It is caused by mutations in the
VHL tumor suppressor gene located on chromosome
3p25-26°.

Due to surveillance in individuals with VHL syn-
drome, pheochromocytoma related to this condition
is more likely to be detected incidentally by abdominal
imaging in asymptomatic individuals with normal lev-
els of blood pressure®.

The perioperative management of blood pressure
(BP), considering the risk of catecholaminergic release
secondary to the administration of some drugs and in-
traoperative tumor manipulation, as well as other clin-
ical aspects of this infrequent pathology, is a challenge
for the treating multidisciplinary team.

The objective of this report is to emphasize the
therapeutic special characteristics of intensive care and
perioperative management of the patient with pheo-
chromocytoma.

CLINICAL CASE

Clinical Case

8-year-old male patient, 28 kg, eutrophic, with no
known morbid history, who consulted the emergency
department due to occipital headache, photophobia,
and drowsiness. The patient’s mother reported that in
the last year, he had presented episodes of headaches of
similar characteristics associated with precordial pain
and hyperhidrosis, for which he was prescribed parac-
etamol.

On admission, the patient had no fever, with blood
pressure (BP) 196/120 mmHg, mean arterial pressure
150 mmHg (p95+12, 126/86 mmHg), heart rate 112/
min, respiratory rate 24/min, oxygen saturation 100%
with ambient air FiO,. Physical examination showed
a Glasgow Coma Scale score of 15, mid-systolic mur-
mur II/VI without irradiation, lungs with a normal ve-
sicular murmur, liver under costal ridge, no palpable
abdominal mass, firm symmetrical pulses, and normal
capillary refill time.

Electrocardiogram showed sinus rhythm, heart
rate 110/min, with signs of left ventricular hypertro-
phy. Initial laboratory parameters showed normal
renal function, and normal blood count, without el-
evation of acute phase reactants. Plasma sodium and
potassium 138 and 3.6 mEq/L, respectively. Complete
urine analysis without alterations. Urine screening for
drug abuse was negative (including amphetamines, tri-
cyclic antidepressants, barbiturates, benzodiazepines,
cocaine, methamphetamine, opiates, tetrahydrocan-
nabinoids, methylenedioxymethamphetamine). A
brain CT scan (without contrast) showed no findings
of pathological significance.

The patient was admitted to the Intensive Care
Unit (ICU) for study and antihypertensive therapy was
started with continuous infusion of labetalol at 0.36
mg/kg/h, remaining with BP > 95th percentile (p),
without involvement of other target organs. Echocar-
diogram showed a slightly dilated left ventricle, with
good biventricular function. Fundus examination was
normal. On the second day of hospitalization, a chest
CT scan was performed, which showed no pathological
findings, and abdominal CT showed a hypervascular
right adrenal mass (4x3 cm), compatible with pheo-
chromocytoma (Figure 1). Given this finding, antihy-
pertensive therapy was modified (48 hours after ad-
mission) to sodium nitroprusside and doxazosin (o1
blocker) and propranolol was added 24 hours later due
to a tendency to sustained sinus tachycardia.

After 5 days, nitroprusside was discontinued, and
the patient remained with propranolol, doxazosin,
and amlodipine for BP p90 and adequate heart rate.
The suspicion of pheochromocytoma was confirmed
by urinary metanephrines test which showed: urinary
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metanephrines 140 ug/24 hours (NV: 49-408 ug/24
hours), urinary normetanephrines 14,400 ug/24 hours
(NV: 31.8-398 ug/24 hours), and 3-Methoxytyramine
949 ug/24 hours (NV: 90-400 ug/24 hours).

The study was extended with brain and spinal cord
MRI, which showed no alterations.

The mother indicated that she was unaware of the
patient’s father’s morbid antecedents; however, upon
direct questioning in an interview with the paternal
grandmother, we obtained the antecedent that two of
her daughters and their respective sons had a genet-
ic study confirming VHL disease. A genetic study was
performed on the patient (sequencing of the c.482G>A
mutation) which was positive for the heterozygous
variant in the VHL gene. VHL disease type 2C (pheo-
chromocytoma as the only manifestation of VHL dis-
ease) was concluded.

On the 17th day after admission, BP stabilization
was achieved. On the 19th day of hospitalization, the
patient was discharged asymptomatic, with normal BP,
receiving doxazosin (12 mg/day), amlodipine (10 mg/
day), and propranolol (90 mg/day) with indication to
maintain a diet rich in sodium (3-5 g/day), abundant
fluid intake, and relative rest to reduce the risk of or-
thostatic hypotension.
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Perioperative stages

Preoperative management: after 3 weeks of out-
patient management with o and P, associated with
calcium channel blockers, the patient was admitted
for elective surgery. He received 0.9% saline infusion
(2,300 ml/m?*d) for 48 hours before surgery.

Intraoperative management (laparoscopic right
adrenalectomy): the patient entered the operating
room awake, calm, and cooperative. Non-invasive
BP measurement system (PANI), electrocardiogram
DII, saturometer, and depth of anesthesia monitor
(Bispectral Index, BIS) were installed. His vital signs
were: PANI 152/80 mmHg, heart rate 70 bpm, and O,
saturation 98% with ambient air FiO,. Before pre-ox-
ygenation, anesthesia induction was performed with
remifentanil, propofol, and rocuronium. Post induc-
tion PANI 125/65 mmHg, heart rate 80 bpm. Before
gentle laryngoscopy, nitroglycerin 0.2 mcg/kg/min was
administered, and endotracheal intubation was per-
formed. Post intubation PANI 127/70 mmHg, heart
rate 85 bpm. Invasive mechanical ventilation was
started. A left radial arterial line and ultrasound-guid-
ed right jugular central venous catheter (CVC) were
placed. To achieve multimodal analgesia and reduce

Figure 1. Abdominal
CT scan. A hetero-
geneous hypervascu-
lar right adrenal mass
measuring 4 x 3 cm
is observed (white
arrow).
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the need for remifentanil, the following drugs were
added: methadone, ketorolac, paracetamol, and met-
amizole. Dexamethasone was used as prophylaxis for
nausea and vomiting. Before the surgical incision,
dexmedetomidine 1mcg/kg/h with bolus 0.5 mcg/kg
was started, well tolerated hemodynamically. Trocars
were inserted into the peritoneum with slow CO, in-
sufflation but when the adrenal gland was handled, the
patient responded with hypertension, maximal systolic
BP 173 mmHg and maximal diastolic BP 98 mmHg, so
nitroglycerin was increased to 0.5 mcg/kg/min and so-
dium nitroprusside was added at 4 mcg/kg/min. When
dissecting the adrenal vein, the patient presented
bleeding of approximately 500 ml, thus was managed
with 100 ml of lactated Ringer’s solution (LRS) and 1
unit of red blood cells. After adrenal vein clamping,
he presented with arterial hypotension, so the use of
hypotensors was suspended, 500 ml LRS was admin-
istered, and noradrenaline was started at 0.15 mcg/kg/
min. Given the successful completion of surgery, sus-
tained hemodynamics with moderate requirement of
noradrenaline in the context of abrupt suppression of

CLINICAL CASE

catecholamines, and no ventilatory impairment, it was
decided to extubate. He was transferred after 3 hours
and 30 minutes to the ICU under sedation with dex-
medetomidine, ventilating spontaneously, and with
noradrenaline at 0.12 mcg/kg/min (Figure 2).

Early postoperative management: On admission
to ICU with central venous oxygen saturation of 75%,
lactatemia 7.5 mg/dL (NV: 5-15 mg/dL). After 12
hours, noradrenaline infusion was suspended and dox-
azosin was restarted with good BP control (p50-90) at
48 hours. Analgesia with continuous infusion of met-
amizole and paracetamol by schedule. Postoperative
glycemia always remained in a normal range.

Hospital discharge and outpatient follow-up

The patient was discharged on day 7 of hospital-
ization. In the postoperative check-up, the patient was
asymptomatic and with BP values in p50, therefore
the use of hypotensive drugs was suspended. Urine
normetanephrine values at 10 days postoperative were
151 mcg/24 h and at 6 weeks 115 mcg/24 h (NV: 31.8-
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398 ug/24 hours). The evolution was successful at one
year of follow-up after surgery.

The anatomopathological study confirmed right
adrenal pheochromocytoma. Macroscopically, a yellow
nodule of 4 x 3 x 2 cm was recognized. Microscopically,
it showed nests and trabeculae of cells with granular
amphophilic cytoplasm, nuclei with prominent nucle-
oli, and some cells with enlarged and hyperchromatic
nuclei (Figure 3). The immunohistochemical study
was positive for S100 and Ki-67 (Pheochromocytoma
of the adrenal gland Scale Score 4).

Discussion

In our patient, the long-standing symptomatology
derived from sympathetic hyperactivity, consisting of
headache, sweating, and tachycardia, should have al-
lowed a firm diagnostic suspicion to be established on
time before the hypertensive emergency that led to his
hospitalization developed. In addition, on reviewing
the BP values at that time, these were at p95. The prev-
alence of the symptomatic triad of headache, hyperhi-
drosis, and palpitations has been observed in 47-77%
of pediatric patients*®’.

Other symptoms include pallor, visual disturbanc-
es, nausea, diarrhea, vomiting, abdominal pain, trem-
ors, and weight loss’. High BP is usually sustained® and
does not occur as a crisis as in adults, although it may
present episodes of exacerbation.

The diagnosis of pheochromocytoma may be de-
layed due to several reasons. First, high BP may be ab-
sent for prolonged periods since active catecholamines
may be converted to biologically inactive metaneph-
rines within the tumor. Second, both symptoms and
signs are nonspecific, as the release of catecholamines
may be due to neurogenic causes (anxiety or panic
episode, cerebral vascular accident), all of which may
delay diagnosis, and it is not unusual for the tumor to
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Figure 3. Histopathological study of surgical
specimen. Histological specimen at 10x mag-
nification, hematoxylin and eosin staining
showing adrenal gland tissue with development
of neoplasia made up of cells with granular am-
phophilic cytoplasm, round to oval nuclei with
prominent nucleoli.

be discovered incidentally during studies not necessar-
ily related to the adrenal gland®'’. In addition, in this
patient, there was the particularity of not knowing the
family history of VHL disease.

After clinical suspicion of pheochromocytoma, the
next step is its biochemical confirmation by a 24-hour
urinary- or plasma-free metanephrines test, which
are more sensitive (~100%) and specific (~95%) than
urinary or plasma catecholamines or urinary vanillyl-
mandelic acid (VMA) tests, being currently the gold
standard for its diagnosis®. For tumor localization, the
initial imaging study, either by CT scan or MRI, should
be of the abdomen and pelvis, as this is where most
tumors are located'’.

After identification by laboratory tests and imag-
ing, the definitive treatment of pheochromocytoma
is surgical. Perioperative mortality is currently low
(< 3%), so it is essential to have less invasive surgical
techniques and the optimization of the perioperative
management of BP'2, as follows:

Preoperative stage. Management in ICU.

BP should be normalized as soon as possible after
surgery since the incidence of perioperative complica-
tions is strongly related to preoperative BP values'.

The first aspect to recognize is that the develop-
ment of hypertension is primarily caused by the in-
crease in total peripheral vascular resistance mediat-
ed by noradrenaline on adrenergic receptors, which
is secreted by most pheochromocytomas'®. However,
when measuring plasma catecholamines, the cor-
relation between BP and circulating noradrenaline
is poor'*. Based on the above, B blocking treatment
should never be used before effective o blockade has
been achieved due to the risk of triggering a hyperten-
sive crisis given the unopposed action on the o recep-
tors. This situation was corrected when tests sugges-
tive of pheochromocytoma were obtained (Table 1),
modifying the initial therapy.
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Blocking the effect caused by excess catecholamines
is the cornerstone of antihypertensive control using an
o adrenergic receptor antagonist such as doxazosin
(selective all-postsynaptic). However, the o blockade
sometimes causes tachycardia secondary to 3 stimula-
tion, which requires the addition of a B blocker to the
therapy (Table 2). In the case reports of Deregibus et
al.” the preoperative therapeutic option of doxazosin
+ atenolol for 7-14 days was chosen. It has been point-
ed out that pediatric patients sometimes may require
a longer treatment time to achieve the desired heart
rate and blood pressure (p50-90 and close to p50 in the
days before surgery)®. If this scheme is insufficient, a
dihydropyridine can be added (Table 2). It is suggested
to monitor the response to antihypertensive therapy
with outpatient BP follow-up.

It is recommended that patients receive a sodium
intake between 6-10 g/day and be hydrated with in-
travenous fluids (1.5 times the maintenance fluids)
to prevent the occurrence of postural hypotension
or post-resection arterial hypotension caused by the
o blockade (condition of relative hypovolemia). Re-
cently, the real usefulness of this measure has been
questioned, since it has not shown a beneficial effect
on perioperative hemodynamics or early progno-
sis'>'®. However, this issue has not yet been explained.
The patient should be admitted to the ICU 48 hours
before surgery for evaluation, monitoring of hemo-
dynamic parameters, and intravenous fluids before
surgery.

Intraoperative stage

Invasive hemodynamic monitoring devices such
as arterial line and CVC should ideally be placed
after anesthesia induction, with propofol together
with fentanyl being an option for this, as both have
a good hemodynamic profile. Vecuronium is the
preferred muscle relaxant given its cardiovascular
stability.

During anesthesia induction, as well as during en-
dotracheal intubation and surgery itself, large varia-
tions in BP (hypertensive crisis) and heart rate can oc-
cur', so the anesthesiologist must be prepared to use a
short half-life vasodilator or other drugs with hypoten-
sive effect (Table 2). In addition, it is important to be
attentive to control glycemia fluctuations.

Itis necessary to consider not using drugs that cause
histamine release (morphine, atracurium, among oth-
ers) since they can cause a hypertensive crisis because
of the increase of circulating catecholamines. It is rec-
ommended not to use halothane due to its myocardial
sensitization effect on catecholamines'.

Laparoscopic surgery is the treatment of choice and
is curative, with up to 90% of complete remission de-
scribed”. In case of unilateral pathology, total adrenal-

CLINICAL CASE

ectomy is performed and subtotal surgery is reserved
for tumors smaller than 5 cm. In case of bilateral in-
volvement, subtotal adrenalectomy or unilateral total
adrenalectomy plus contralateral subtotal adrenalecto-
my are performed.

Surgical manipulation can cause a massive release
of catecholamines, leading to complications such as
stroke, arrhythmias, myocardial ischemia, or pulmo-
nary edema®. Once the tumor is removed, significant
arterial hypotension may occur when the catecholami-
nergic load is eliminated”'. An epidural infusion of bu-
pivacaine plus fentanyl can be used for postoperative
analgesia.

ICU management

Once the patient is admitted to the ICU, careful
monitoring is required for potential vasopressor sup-
port due to the appearance of arterial hypotension,
which may be due to the abrupt drop in circulating
catecholamines, a decrease in cellular adrenergic re-
ceptors, residual effect of the adrenergic antagonists
used, or hypovolemia. Another possible immediate
complication (< 6 h) is the appearance of hypoglyce-
mia due to hyperinsulinism due to the end of pancre-
atic 3 suppression®.

In the first days after surgery, the patient may con-
tinue with hypertension caused by the increase in cir-
culating catecholamines, but this should not last more
than a few weeks unless there is functional residual
disease, extra-adrenal tumor, or metastasis?®>. Normal-
ization of plasma or urinary metanephrines should be
measured 10 days after surgery. If the concentration
remains high, functional imaging could be considered
in the suspicion of occult metastases, recurrence, and/
or multiple tumors*.

Given the relapse of this pathology (16% at ten
years)®?, patients who have undergone surgery should
have a prolonged follow-up, with annual measurement
of urinary metanephrines. Younger patients with large
tumors and familial genetic syndromes are at higher
risk®.

Conclusion

Pheochromocytoma is an uncommon cause of
secondary HT in childhood. It is in this age group
where the association with genetic familial syn-
dromes is relevant. BP monitoring is crucial before
surgery. At present, this is based on catecholamin-
ergic blockade through o adrenergic receptor an-
tagonist, where doxazosin is the first option. Once
this therapy is established, § blockade can be added,
which is determined by the magnitude of the exist-
ing tachycardia.
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