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Blasting off: persistent hypertension in a child with neuroblastoma
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Abstract

Hypertension in children with neuroblastoma is uncommon and can be difficult to control due to the potential for multiple
underlying causes. We present the case of a pediatric patient with high-grade neuroblastoma which was complicated by
hypertensive emergency. The patient had imaging suggestive of renal artery compression, as well as significantly elevated
normetaphrine levels. Multiple anti-hypertensive agents, including an angiotensin converting enzyme inhibitor, a- and
p-adrenergic receptor blockers, and a tyrosine hydroxylase inhibitor, were initiated prior to tumor excision. While her blood
pressure improved during the post-operative period, she continued to require multiple antihypertensive medications due to
residual tumor burden. In this report, we highlight the importance of careful, multidisciplinary management to avoid peri-

operative complications in patients with catecholamine-producing tumors.
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Case
Initial presentation

An 8-year-old female who recently emigrated to a new
country to seek treatment for an intra-abdominal high-risk
neuroblastoma presented to the emergency department
with elevated blood pressure (BP), headache, and confu-
sion. Her parents report that she had been diagnosed with
hypertension and started on captopril 2 months prior at the
time of her oncologic diagnosis in their home country. While
arranging subspecialty appointments in this new country,
her parents had been monitoring BP at home and stated that
her systolic pressures typically ranged from 140-160 mmHg
but have been higher in the past 24 h. She was not seen by
a Pediatric Nephrologist before this presentation and had
no prior workup for secondary causes of her hypertension.
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In the emergency department, her initial BP was
185/130 mmHg when using an auscultatory device and
appropriately sized cuff on the right arm. She complained
of a headache and was slow to respond to questions, but
a review of the systems was otherwise negative for vision
changes, sweating, palpitations, abdominal pain, nausea,
vomiting, diarrhea, and hematuria.

Hospital course

Due to concern for hypertensive emergency, she was trans-
ferred to the intensive care unit. Initial workup for etiology
of hypertension revealed serum potassium was 4.1 mmol/L,
bicarbonate level was 26 mmol/L, and serum creatinine level
was 0.38 mg/dL. Urinalysis had no protein or blood. Plasma
renin activity was 0.88 ng/mL/hr (normal 0.25-5.82) and
plasma aldosterone concentration was undetectable (nor-
mal <9 ng/dL). Spectral Doppler ultrasound of the left kid-
ney was abnormal with elevated peak systolic velocity of
822 cm/s (normal 100-180) in the left renal artery and an
elevated renal to aortic ratio of 7.1 (normal < 3.5). Spectral
Doppler of the right kidney was normal with peak systolic
velocity of 157 cm/s. The resistive indices of right and left
renal arteries were normal at 0.62 and 0.55 (normal 0.5-0.7),
respectively. This suggested left renal artery compression by
the tumor as a potential cause of hypertension.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-023-06188-2&domain=pdf
http://orcid.org/0000-0001-6935-7831

1086

Pediatric Nephrology (2024) 39:1085-1088

To safely lower blood pressure in the setting of hyper-
tensive emergency, the patient was first treated with a nica-
rdipine drip. Once BP had stabilized, enteral medications
were titrated to sustain normotension. In addition, she was
continued on captopril due to beneficial effects in the set-
ting of suspected unilateral renal artery compression. At this
time, she was receiving amlodipine 0.5 mg/kg every 12 h,
labetalol 15 mg/kg/day, captopril 0.75 mg/kg every 8 h, and
a 0.2 mg/day clonidine patch.

Computed tomography scan imaging of the tumor showed
a large, multi-lobulated, retroperitoneal mass that was encas-
ing major vasculature including the aorta and bilateral renal
arteries. The patient was started on induction chemotherapy
(including cyclophosphamide, topotecan, cisplatin, etopo-
side, vincristine, doxorubicin, and dexrazoxane). Upon com-
pletion of induction, it was determined that the tumor could
not be completely resected due to its relationship with major
blood vessels. She was scheduled for surgical debulking of
the mass with a plan for eventual stem cell collection and
tandem autologous stem cell transplant.

Despite improvement in overall blood pressure con-
trol during her hospitalization, the patient continued to
have intermittent episodes of extreme hypertension last-
ing between 5 min and several hours. These episodes were
accompanied by severe headaches, altered mental status,
and facial flushing. Based on these symptoms, the decision
was made to evaluate for excess catecholamine production.
Laboratory testing of fractionated plasma metanephrine
levels revealed normal free metanephrine level 0.39 nmol/L
(normal < 0.5 nmol/L) and elevated free normetanephrine
levels 24 nmol/L (normal < 0.9 nmol/L). The episodes of
symptomatic hypertension responded well to treatment with
intravenous phentolamine (0.02 mg/kg).

To prepare this patient with multifactorial hypertension
for surgical tumor debulking, multi-disciplinary discussions
took place between Anesthesia, Critical care, Nephrology,
Endocrinology, General surgery, and Pharmacy. The surgical
team anticipated that complete resection would be impos-
sible due to the tumor’s relationship to major abdominal vas-
culature and a left nephrectomy would be required. Resect-
ing a large portion of the tumor would hopefully decrease,
although not completely eliminate, the exogenous catechola-
mine production. The nephrology team recommended a radi-
onucleotide study with Tc-99 m MAGS3 to assess the contri-
bution of the patient’s left kidney to overall renal function.
It showed differential renal function of 89% on the right and
11% on the left with a calculated glomerular filtration rate of
60.2 ml/min/1.73 m>. This suggested that the patient could
likely tolerate a left nephrectomy without a large decrease
in kidney function. Discussion with the anesthesia and
endocrinology teams emphasized the importance of mini-
mizing the physiologic impact of catecholamine release by
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maximizing pharmacologic a-adrenergic and B-adrenergic
blockade because manipulation of the tumor during surgical
resection can cause additional catecholamine release and
dangerous hypertension. With this in mind, the critical care
team altered the patient’s existing antihypertensive medica-
tion regimen using guidance from an institutional algorithm
for peri-operative management of catecholamine-secreting
tumors (Fig. 1). This included starting doxazosin (a selec-
tive o) blocker) and titrating her other anti-hypertensives to
target BP between 25 and 50th percentile, minimize tachy-
cardia, and allow for normalization of intravascular volume.
Despite maximally tolerated doses of these medications, the
patient continued to have hypertension > 95th percentile, so
she was initiated on metyrosine for catecholamine deple-
tion 12 days prior to surgery. Metyrosine was up-titrated
in accordance with institutional protocol until the patient
had an acute dystonic reaction with neck stiffening. At this
point, metyrosine was held for 24 h and then restarted at the
previously tolerated dose without further up-titration. Her
final doses of anti-hypertensive medications prior to surgery
were as follows: metyrosine 155 mg every 6 h, labetalol
15 mg/kg/day, doxazosin 1 mg every 8 h, captopril 0.75 mg/
kg every 8 h, and 0.1 mg/day clonidine patch. She was no
longer receiving amlodipine. Peri-operative, her blood pres-
sure ranged from 94 to 112/50 to 73 mmHg.

The patient received all of her enteral antihypertensive
medications on the morning of the procedure. She under-
went partial tumor resection (greater than 50% tumor burden
was removed) and left nephrectomy without intra-operative
hemodynamic instability. Post-operatively, she remained per-
sistently hypertensive and BP was controlled with esmolol
and nicardipine drips until she could tolerate oral medica-
tions. After recovery from surgery, her antihypertensive regi-
men included amlodipine 0.5 mg/kg/day, labetalol 15 mg/kg/
day, doxazosin 2 mg twice a day, and a 0.1 mg/day clonidine
patch. Her blood pressures 2 weeks after surgery ranged from
92 to 124/49 to 85 mmHg without episodes concerning for
catecholamine surge.

Discussion

We describe the case of a child with neuroblastoma com-
plicated by hypertension due to catecholamine release and
left renal artery compression. Throughout her hospital
course, she received multiple classes of medications aimed
at controlling her multifactorial hypertension, including
an angiotensin converting enzyme (ACE) inhibitor, a- and
B-adrenergic receptor blockers, a calcium channel blocker,
an a,-agonist, and a tyrosine hydroxylase inhibitor.

The initial medication started in this patient by previ-
ous providers was captopril, an ACE inhibitor. Common
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Fig. 1 Suggested approach for

Step 1: Alpha-blockade

peri-operative blood pressure

management in patients with .
catecholamine-secreting neuro- o
blastomas o

Initiate selective a1-blocker (such as doxazosin) about 2 weeks pre-operatively.
Titrate dose for a target blood pressure between the 251-50" percentile
Monitor blood pressure, heart rate, and orthostasis.

Increase salt and fluid intake to avoid orthostatic symptoms.

Step 2: Consider additional antihypertensives

If blood pressure is persistently elevated above goal, consider the addition of additional
antihypertensives.
e Calcium channel blockers (such as amlodipine)
¢ Angiotensin converting enzyme inhibitor, especially if concern for renal artery
stenosis/ compression (such as captopril)

Step 3: Beta-blockade

Once BP is within goal, or if BP remains elevated after maximum tolerated dose of a-
blockade and calcium channel blocker, initiate 3-blocker.

o Start only after adequately alpha-blockade

e Must start at least 3 days prior to surgery.

Step 4: Consider tyrosine hydroxylase inhibitors

If BP is persistently elevated above goal, consider the addition of a tyrosine
hydroxylase inhibitor (like metyrosine)
e Must start 7-10 days prior to surgery
e Can also consider in patients with large tumor burden, large catecholamine
production, or if the patient is unable to tolerate alpha-blockade due to
cardiopulmonary status
¢ Dose to be up titrated slowly while watching for side effects, including
extrapyramidal reaction, diarrhea, and hallucinations.
o Extrapyramidal symptoms can be managed with benzodiazepine and
slower up-titration of metyrosine

After reaching a goal dose of tyrosine hydroxylase inhibitor, consider discontinuing the
a-blocker in the immediate pre-operative period. This can help to lower the risk of
hypotension after tumor removal.

first-line medications for primary hypertension include ACE
inhibitors, angiotensin receptor blockers, or calcium chan-
nel blockers [1]. However, medication choice may differ if
secondary hypertension due to a specific cause is suspected.
As in this patient with imaging findings suggestive of uni-
lateral renal artery compression, renin—angiotensin—aldos-
terone—system blockade may be considered for first-line
therapy [2].

Despite initial improvement in overall blood pressure
control, this patient continued to have frequent short bouts
of severe and symptomatic hypertension during the time
that she remained inpatient for chemotherapy. The classic
triad of episodic headache, sweating, and tachycardia with
paroxysmal hypertension should prompt evaluation for a
catecholamine-secreting tumor [3]. Although catecholamine
excess is more commonly associated with pheochromocy-
tomas or paragangliomas, neuroblastomas have also been
associated with hypertension due to elevated circulating
catecholamines [4, 5]. In addition, catecholamine release
peaks more frequently during chemotherapy due to tumor
tissue remodeling [3].

Hospitals commonly utilize an algorithm or standardized
protocol for peri-operative blood pressure management in
patients with catecholamine-secreting tumors (Fig. 1).

However, this patient had hypertension due to multiple eti-
ologies and she was already receiving an extensive regimen
of antihypertensive medications when excess catecholamine
production was diagnosed. This made it less straightforward
to follow the algorithm and necessitated careful interdisci-
plinary discussions. Multi-disciplinary care is essential for
the management of patients with severe hypertension due
to neuroblastoma to minimize the increased risk of peri-
operative morbidity and mortality.

Summary

What is new?

e Rarely, neuroblastomas can be catecholamine-secreting
tumors. Prior to tumor removal, patients require optimal
a-adrenergic blockade and catecholamine depletion. Care-
ful, multidisciplinary peri-operative management is essen-
tial in avoiding complications.
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