
Introduction

Learning Objectives

Paragangliomas are rare neuroendocrine tumors related to pheochromocytomas that 
instead originate from extra-adrenal paraganglia. Functional catecholamine-secreting 
paragangliomas offer unique challenges to the anesthesia provider given their potential to 
cause life-threatening malignant hypertension, tachyarrhythmias, and subsequent 
myocardial ischemia, cardiomyopathy and pulmonary edema. The case presented here 
describes the successful anesthetic management of a pediatric patient with retroperitoneal 
aortocaval and bladder norepinephrine-secreting paragangliomas using multimodal 
antihypertensive therapies. Discussion will focus on specific drug selection, including the use 
of clevidipine for managing hemodynamic instability during intraoperative robotic resection.

• Outline the expected hemodynamic changes that occur during the resection of a 
catecholamine-secreting tumor

• Discuss pharmacologic options for hemodynamic management
• Describe the utility of clevidipine as a rapid-onset antihypertensive 
• Discuss the effectiveness of our multimodal anesthetic strategy in the management of a 

pediatric paraganglioma
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Case Presentation
A 13 year old male with a past medical history of ADHD presented to Children’s Hospital of Colorado 
with high blood pressure initially thought to be medication induced secondary to lisdexamfetamine
(Vyvanse). However, this hypertension persisted after holding the medication for several weeks and 
further workup included a renal ultrasound which demonstrated a ~3 cm bladder mass with otherwise 
normal kidneys and renal arteries. Plasma normetanephrine levels were found to be significantly 
elevated to 13 nmol/L (ULN 0.89). A DOTATATE PET/CT scan showed the bladder mass was non-avid 
but revealed a separate retroperitoneal aortocaval paraganglioma. The presence of these masses 
accompanied by increased levels of plasma normetanephrines was concerning for norepinephrine 
secreting paragangliomas. The patient was subsequently referred to urology for robotic resection of 
the retroperitoneal aortocaval mass, cystoscopy and transurethral resection of the bladder tumor. 

Weeks prior to his surgery, the patient was managed by endocrinology and started on doxazosin 
which was slowly uptitrated. Once adequate alpha-blockade had been achieved, a beta blocker, 
metoprolol, was initiated and uptitrated. A careful log of blood pressures was kept during this time 
and the day of surgery, the patient was pre-admitted for aggressive IV fluid hydration and additional IV 
alpha and beta-blockade, as patient had not completely met the blood pressure target.

In the operating room, standard ASA monitors were applied and an awake preinduction arterial line 
was placed for close hemodynamic monitoring peri-intubation. Large bore PIVs were placed for 
resuscitation given the proximity of the planned surgical resection to the IVC and aorta. General 
anesthesia was induced with lidocaine, fentanyl, propofol, and rocuronium. Given the risk for 
significant stimulation and potential tumor secretion of norepinephrine during laryngoscopy, 
videolaryngoscopy was performed to minimize neck excursion and excess stimulation. Maintenance of 
anesthesia was primarily achieved with sevoflurane, as well as propofol, dexmedetomidine, 
magnesium, and clevidipine infusions, all of which were started on induction to blunt any 
hemodynamic response to laryngoscopy, intubation, insufflation, and/or tumor manipulation.

Fentanyl and hydromorphone were used as the primary analgesics and a multimodal 
antihypertensive strategy was utilized with the aforementioned infusions during resection of the 
aortocaval and bladder masses.  Though phentolamine, nicardipine, esmolol, and nitroprusside was 
available for use, the patient’s blood pressures were kept within the target range with intermittent 
titration of clevidipine, dexmedetomidine and magnesium alone. Following resection of the aortocaval 
tumor, the antihypertensive medications were stopped and norepinephrine and vasopressin infusions 
were used to maintain adequate blood pressure and end-organ perfusion.

Despite the PET/CT demonstrating a non-avid bladder mass, during the TURBT, the patient’s blood 
pressure dramatically increased, but responded well to re-initiation of the clevidipine infusion. Upon 
completion of the procedure, the patient was successfully extubated and transported to PACU. He 
remained stable and was later weaned off pressors prior to transfer to the floor. His was discharged the 
following day on low-dose metoprolol until follow-up with endocrinology. Surgical pathology 
demonstrated both the retroperitoneal and bladder masses were paragangliomas.
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Paraganglioma Definition: Rare neuroendocrine chromaffin cell tumors, which can secrete 
catecholamines similarly to pheochromocytomas, but are extra-adrenal in origin

Symptoms:
• Hypertension is present in 90% of norepinephrine secreting paragangliomas

• Hypertension may be sustained or paroxysmal
• Patients experience hypertension as headache, palpitations, and sweating 

Diagnosis and Associated Disorders: 
• Initial testing: elevated plasma free metanephrines or urine fractionated metanephrines1

• Plasma free metanephrines are a breakdown product of catecholamines1

• Metanephrines are sustained even with intermittent secretion of catecholamines.1
• CT/PET is used to identify tumors and metastases.7
• Testing for associated heritable disorders including Succinate Dehydrogenase mutations 

and Von Hippel Lindau is advisable7

Preoperative Optimization: 
• Preoperative goals are to normalize blood pressure, blood sugar, and hematocrit.1,5,8,9

• Cardiac workup is suggested because LVH is common with secreting paragangliomas1

• Alpha-blockade with phenoxybenzamine or doxazosin is started first,1,2
• Beta-block may be used to treat tachycardia, but not hypertension.1,
• The alpha block must always be done before beta blockade to prevent hypertensive 

crisis.1,2,5 

• Volume resuscitation before and during surgery helps reduce post-excision hypotension.1
• Tumor ligation may reduce operative time and blood loss, but may also cause hypertensive 

crisis1

Biphasic Hemodynamic Course: 

Clevidipine: 
• Dihydropyridine antagonist of L-type calcium channels 10
• Shortest onset and offset among calcium channel blockers10

• Reported use in pediatric cases, including one pheochromocytoma6

• Not yet FDA approved for pediatrics or in widespread pediatric use6,10

• May prevent catecholamine associated coronary vasospasm8

Dexmedetomidine: 
• A2 agonist, commonly used as a sedative
• May prevent hypertensive spikes1,11

• Can reduce circulating levels of norepinephrine by up to 49%2,11

Magnesium: 
• Antagonizes L-type calcium channels2,3

• Reduces alpha-receptor activity2,3

• Reduces MAC and has analgesic activity3

• One pediatric pheochromocytoma case report details markedly reduced catecholamine excretion4

• Has been used as primary antihypertensive in several reported pheochromocytoma resections.4

Post-Excision Hypotension Management: 
• During the hypotensive phase patients should be treated with decreased anesthetic depth, 

volume expansion, and vasopressors.1
• Optimized patients may be resistant to alpha agonists 2
• Vasopressin is a good option because of it’s alpha-independent activity on V2 receptors.2

Discussion Our multimodal strategy for managing unpredictable hemodynamic swings focused on 
limiting catecholamine secretion and mitigating the downstream effects of catecholamine 
stimulation. Continuous dexmedetomidine and magnesium infusions were useful in reducing the 
release of exogenous catecholamines and clevidipine was successfully utilized to manage severe 
hypertension related to catecholamine surges during tumor manipulation. Though many studies 
report the effective use of the calcium channel blocker nicardipine in the management of severe 
range blood pressures, clevidipine was specifically selected in this case for its more rapid onset and 
shorter half-life which allowed for tighter control of the short bursts of catecholamine release during 
intubation, insufflation, and tumor manipulation without any risk of prolonged effect and subsequent 
hypotension. We found that the patient was quickly stabilized with the clevidipine infusion during 
times of catecholamine excess. Systolic pressure only surpassed 200 mm Hg during resection of the 
bladder tumor, when an actively secreting tumor was not expected given the non-avidity on PET/CT. 
However, this was quickly mitigated with re-initiation of clevidipine. To our knowledge, though 
clevidipine has been reported to be successfully used in the management of pheochromocytomas, 
this is the first reported case of the use of clevidipine as part of a multimodal antihypertensive strategy 
in the management of catecholamine-secreting paragangliomas in a pediatric patient.
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Name Action Onset (min) Duration (min)

Clevidipine Calcium Channel 
Blocker

2-4 2-15 

Nicardipine Calcium Channel 
Blocker

10 <8 (Hr)

Nitroglycerine NO Donor 2-5 5-10

Sodium 
Nitroprusside

NO Donor 1 3-5

Esmolol Beta-1 Blocker 2-10 10-30

Labetalol Alpha and Beta 
Blocker

2-5 2-12 (Hr)
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