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1 A 21-year-old man with a history of hypertension pre-
— sented to the emergency department with four days of
generalized abdominal pain, nausea, and vomiting as well as
one month of loose stools. He also had a headache (not fur-
ther specified) for one day. Due to his nausea, he had been
unable to take his medications for two days. Home blood
pressure measurements over the preceding two days re-
vealed systolic pressures exceeding 200 mm Hg. He did not
experience fever, dyspnea, chest pain, vision changes, numb-
ness, weakness, diaphoresis, or palpitations.

Abdominal pain with vomiting and diarrhea is often caused
by a self-limited gastroenteritis. However, the priority initially
is to exclude serious intraabdominal processes including ar-
terial insufficiency, bowel obstruction, organ perforation, or
organ-based infection or inflammation (eg, appendicitis, cho-
lecystitis, pancreatitis). Essential hypertension accounts for
95% of cases of hypertension in the United States, but given
this patient's young age, secondary causes should be evaluat-
ed. These include primary aldosteronism (the most common
endocrine cause for hypertension in young patients), chronic
kidney disease, fibromuscular dysplasia, illicit drug use, hyper-
cortisolism, pheochromocytoma, and coarctation of the aorta.
Thyrotoxicosis can elevate blood pressure (although usually
not to this extent) and cause hyperdefecation. While the eti-
ology of the chronic hypertension is uncertain, the proximate
cause of the acute rise in blood pressure is likely the stress of
his acute illness and the inability to take his prescribed antihy-
pertensive medications. In the setting of severe hypertension,
his headache may reflect an intracranial hemorrhage and his
abdominal pain could signal an aortic dissection.

r_} His medical history included hypertension diagnosed at
— age 16 as well as anxiety diagnosed following a panic
attack at age 19. Over the past year, he had also developed
persistent nausea, which was attributed to gastroesophageal
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reflux disease. His medications included metoprolol 50 mg
daily, amlodipine 5 mg daily, hydrochlorothiazide 12.5 mg
daily, escitalopram 20 mg daily, and omeprazole 20 mg daily.
His father and 15-year-old brother also had hypertension. He
was a part-time student while working at a car dealership. He
did not smoke or use drugs and he rarely drank alcohol.

The need for three antihypertensive medications (albeit at
submaximal doses) reflects the severity of his hypertension
(provided challenges with medication adherence have been
excluded). His family history, especially that of his brother who
was diagnosed with hypertension at an early age, and the pa-
tient's own early onset hypertension point toward an inherited
form of hypertension. Autosomal dominant polycystic kidney
disease often results in hypertension before chronic kidney
disease develops. Rare inherited forms of hypertension in-
clude familial hyperaldosteronism, apparent mineralocorticoid
excess, Liddle syndrome, or a hereditary endocrine tumor
syndrome predisposing to pheochromocytoma. Even among
patients who report classic pheochromocytoma symptoms,
such as headache and anxiety, the diagnosis remains unlikely
as these symptoms are nonspecific and highly prevalent in the
general population. However, once secondary hypertension
is plausible or suspected, testing for hyperadrenergic states,
which can also cause nausea and vomiting during times of cat-
echolamine excess, should be pursued.

r_} His temperature was 97.5°F, heart rate 95 beats per min-
— ute and regular, respiratory rate 18 breaths per minute,
blood pressure 181/118 mm Hg (systolic and diastolic pres-
sures in each arm were within 10 mm Hg), and oxygen satura-
tion 100% on room air. Systolic and diastolic pressures did not
decrease by more than 20 mm Hg and 10 mm Hg, respective-
ly, after he stood for two minutes. His body mass index was 24
kg/m?. He was alert and appeared slightly anxious. There was
a bounding point of maximal impulse in the fifth intercostal
space at the midclavicular line and a 3/6 systolic murmur at
the left upper sternal border with radiation to the carotid ar-
teries. His abdomen was soft with generalized tenderness to
palpation and without rebound tenderness, masses, organo-
megaly, or bruits. There was no costovertebral angle tender-
ness. No lymphadenopathy was present. His fundoscopic,
pulmonary, skin and neurologic examinations were normal.
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FIG 1. Two coronal computed tomography images of the abdomen and pelvis with oral and intravenous con-
trast revealed right-sided ureterectasis (one arrow), right-sided pelvicaliectasis (two arrows), and an enhancing
mass in the bladder (asterisk).

Laboratory studies revealed a white blood cell count
of 13.3 x 10%uL with a normal differential, hemoglobin
13.9 g/dL, platelet count 373 x 10%/uL, sodium 142 mmol/L,
potassium 3.8 mmol/L, chloride 103 mmol/L, bicarbonate
25 mmol/L, blood urea nitrogen 12 mg/dL, creatinine
1.3 mg/dL (a baseline creatinine level was not available),
glucose 88 mg/dL, calcium 10.6 mg/dL, albumin 4.9 g/dL,
aspartate aminotransferase 27 IU/L, alanine aminotransfer-
ase 371U/L, andlipase 401U/L. Urinalysis revealed 5-10 white
blood cells per high power field without casts and 10 mg/dL
protein. Urine toxicology was not performed. Electrocar-
diogram (ECG) showed left ventricular hypertrophy (LVH).
Chest radiography was normal.

The abdominal examination does not suggest peritonitis. The
laboratory tests do not suggest inflammation of the liver, pan-
creas, or biliary tree as the cause of his abdominal pain or diar-
rhea. The murmur may indicate hypertrophic cardiomyopathy
or a congenital anomaly such as bicuspid aortic valve; but nei-
ther would explain hypertension unless they were associated
with another developmental abnormality, such as coarctation
of the aorta. Tricuspid regurgitation is conceivable and if con-
firmed, might raise concern for carcinoid syndrome, which can
cause diarrhea. The normal neurologic examination, including
the absence of papilledema, lowers suspicion of intracranial
hemorrhage as a cause of his headache.

The albumin of 4.9 g/dL likely reflects hypovolemia resulting
from vomiting and diarrhea. Vasoconstriction associated with
pheochromocytoma can cause pressure diuresis and resultant
hypovolemia. Hyperaldosteronism arising from bilateral adre-
nal hyperplasia or adrenal adenoma commonly causes hypo-
kalemia, although this is not a universal feature.

The duration of his mildly decreased glomerular filtration
rate is uncertain. He may have chronic kidney disease from
sustained hypertension, or acute kidney injury from hypovo-
lemia. The mild pyuria could indicate infection or renal calculi,
either of which could account for generalized abdominal pain
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or could reflect an acute renal injury
from acute interstitial nephritis from his
proton pump inhibitor or hydrochloro-
thiazide.

LVH on the ECG indicates long-
standing hypertension. The chest ra-
diograph does not reveal clues to the
etiology of or sequelae from hyperten-
sion. In particular, there is no widened
aorta to suggest aortic dissection, no
pulmonary edema to indicate heart
failure, and no rib notching that points
toward aortic coarctation. A transtho-
racic echocardiogram to assess for val-
vular and other structural abnormalities
is warranted.

Tests for secondary hypertension
should be sent, including serum aldo-
sterone and renin levels to assess for
primary aldosteronism and plasma or 24-hour urine normeta-
nephrine and metanephrine levels to assess for pheochromo-
cytoma. Biochemical evaluation is the mainstay for endocrine
hypertension evaluation and should be followed by imaging if
abnormal results are found.

Intact parathyroid hormone (PTH) was 78 pg/mL (nor-
mal, 10-65 pg/mL), thyroid stimulating hormone 3.6 ml-
U/L (normal, 0.30-5.50 mlIU/L), and morning cortisol 4.1 ug/
dL (normal, >7.0 ug/dL). Plasma aldosterone was 14.6 ng/dL
(normal, 1-16 ng/dL), plasma renin activity 3.6 ng/mL/hr (nor-
mal, 0.5-3.5 ng/mL/hr), and aldosterone-renin ratio 4.1 (nor-
mal, <20). Transthoracic echocardiogram showed LVH with
normal valves, wall motion, and proximal aorta; the left ven-
tricular ejection fraction was 70%. Magnetic resonance angi-
ography of the renal vessels demonstrated no abnormalities.
Computed tomography (CT) of the abdomen and pelvis
with oral and intravenous contrast revealed a 5 cm het-
erogeneous enhancing mass associated with the prostate
gland extending into the base of the bladder. The mass ob-
structed the right renal collecting system and ureter causing
severe right-sided ureterectasis and hydronephrosis. There
was also 2.8 cm right-sided paracaval lymph node enlarge-
ment and 2.1 cm right-sided and 1.5 cm left-sided exter-
nal iliac lymph node enlargement (Figure 1). There were no
adrenal masses.

He is young for prostate, bladder, or colorectal cancer, but
early onset variations of these tumors, along with metastatic
testicular cancer, must be considered for the pelvic mass and
associated lymphadenopathy. Prostatic masses can be infec-
tious (eg, abscess) or malignant (eg, adenocarcinoma, small
cell carcinoma). Additional considerations for abdominopelvic
cancer are sarcomas, germ cell tumors, or lymphoma. A low
aldosterone-renin ratio coupled with a normal potassium level
makes primary aldosteronism unlikely. The normal angiogra-
phy excludes renovascular hypertension.
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His abdominal pain and gastrointestinal symptoms could
arise from irritation of the bowel, distension of the right-sid-
ed urinary collecting system, or products secreted from the
mass (eg, catecholamines). The hyperdynamic precordium, el-
evated ejection fraction, and murmur may reflect augmented
blood flow from a hyperadrenergic state. A unifying diagnosis
would be a pheochromocytoma. However, given the normal
appearance of the adrenal glands on CT imaging, catechol-
amines arising from a paraganglioma, a tumor of the autonom-
ic nervous system, is more likely. These tumors often secrete
catecholamines and can be metastatic (suggested here by the
lymphadenopathy). Functional imaging or biopsy of either the
mass or an adjacent lymph node is indicated. However, be-
cause of the possibility of a catecholamine-secreting tumor, he
should be treated with an alpha-adrenergic receptor antago-
nist before undergoing a biopsy to prevent unopposed vaso-
constriction from catecholamine leakage.

r_} Scrotal ultrasound revealed no evidence of a testicular
— tumor. Lactate dehydrogenase (LDH) was 179 IU/L (nor-
mal, 120-240 1U/L) and prostate specific antigen (PSA) was
0.7 ng/mL (normal, <2.5 ng/mL). The patient was given am-
lodipine and labetalol with improvement of blood pressures
to 160s/100s. His creatinine decreased to 1.1 mg/dL. He un-
derwent CT-guided biopsy of a pelvic lymph node. CT of the
head without intravenous contrast demonstrated no intracra-
nial abnormalities. His headache resolved with improvement
in blood pressure, and he had minimal gastrointestinal symp-
toms during his hospitalization. No stool studies were sent. A
right-sided percutaneous nephrostomy was placed which
yielded >15 L of urine from the tube over the next four days.

Upon the first episode of micturition through the urethra
four days after percutaneous nephrostomy placement, he
experienced severe lightheadedness, diaphoresis, and palpi-
tations. These symptoms prompted him to recall similar ep-
isodes following micturition for several months prior to his
hospitalization.

It is likely that contraction of the bladder during episodes of
urination caused irritation of the pelvic mass, leading to cat-
echolamine secretion. Another explanation for his recurrent
lightheadedness would be a neurocardiogenic reflex with mic-
turition (which when it culminates with loss of consciousness
is called micturition syncope), but this would not explain his
hypertension or bladder mass.

r_} Biochemical tests that were ordered on admission but
— sent to a reference lab then returned. Plasma metaneph-
rine was 0.2 nmol/L (normal, <0.5 nmol/L) and plasma norme-
tanephrine 34.6 nmol/L (normal, <0.9 nmol/L). His 24-hour
urine metanephrine was 72 ug/24 hr (normal, 0-300 ug/24 hr)
and normetanephrine 8,511 ug/24 hr (normal, 50-800 ug/
24 hr).

The markedly elevated plasma and urine normetanephrine
levels confirm a diagnosis of a catecholamine-secreting tu-

An Official Publication of the Society of Hospital Medicine

A Branching Algorithm | Pedersen et al

mor (paraganglioma). The tissue obtained from the CT-guided
lymph node biopsy should be sent for markers of neuroendo-
crine tumors including chromogranin.

r_} Lymph node biopsy revealed metastatic paraganglioma
— that was chromogranin A and synaptophysin positive
(Figure 2). A fluorodeoxyglucose positron emission tomogra-
phy (FDG-PET) scan disclosed skull metastases. He was treat-
ed with phenoxybenzamine, amlodipine, and labetalol. Surgi-
cal resection of the pelvic mass was discussed, but the patient
elected to defer surgery as the location of the primary tumor
made it challenging to resect and would have required an ile-
al conduit.

After the diagnosis was made, the patient’s family recalled
that a maternal uncle had been diagnosed with a paragangli-
oma of the carotid body. Genetic testing of the patient iden-
tified a succinate dehydrogenase complex subunit B (SDHB)
pathogenic variant and confirmed hereditary paraganglioma
syndrome (HPGL). One year after the diagnosis, liver and
lung metastases developed. He was treated with lanreotide
(somatostatin analogue), capecitabine, and temozolomide,
as well as a craniotomy and radiotherapy for palliation of
bony metastases. The patient died less than two years after
diagnosis.

DISCUSSION
Most patients with hypertension (defined as blood pressure
>130/80 mm Hg') do not have an identifiable etiology (primary
hypertension). Many components of this patient’s history, how-
ever, including his young age of onset, a teenage sibling with
hypertension, lack of obesity, hypertension refractory to multi-
ple medications, and LVH suggested secondary hypertension.
Hypertension onset at an age less than 30 years, resistance to
three or more medications,’? and/or acute onset hypertension at
any age should prompt an evaluation for secondary causes.! The
prevalence of secondary hypertension is approximately 30% in
hypertensive patients ages 18 to 40 years compared with 5%-10%
in the overall adult population with hypertension.> Among chil-
dren and adolescents ages 0 to 19 years with hypertension, the
prevalence of secondary hypertension may be as high as 57%.*
The most common etiology of secondary hypertension is
primary aldosteronism.>® However, in young adults (ages 19
to 39 years), common etiologies also include renovascular dis-
ease and renal parenchymal disease.” Other causes include
obstructive sleep apnea, medications, stimulants (cocaine and
amphetamines),® and endocrinopathies such as thyrotoxico-
sis, Cushing syndrome, and catecholamine-secreting tumors.’
Less than 1% of secondary hypertension in all adults is due to
catecholamine-secreting tumors, and the minority of those
catecholamine-secreting tumors are paragangliomas.’
Paragangliomas are tumors of the peripheral autonomic
nervous system. These neoplasms arise in the sympathetic and
parasympathetic chains along the paravertebral and paraaor-
tic axes. They are closely related to pheochromocytomas,
which arise in the adrenal medulla.” Most head and neck para-
gangliomas are biochemically silent and are generally discov-
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FIG 2. Surgical biopsy of the left external iliac lymph node demonstrated tumor cells within the lymph node (A). Tumor cells were characterized by nests of uniform
cells with round nuclei and coarsely stippled chromatin (B) consistent with a well-differentiated neuroendocrine tumor. Immunohistochemical staining for chromogr-

anin A (C) and synaptophysin (D) confirmed a paraganglioma.

ered due to mass effect.”® The subset of paragangliomas that
secrete catecholamines most often arise in the abdomen and
pelvis, and their clinical presentation mimics that of pheochro-
mocytomas, including episodic hypertension, palpitations,
pallor, and diaphoresis.

This patient had persistent, nonepisodic hypertension, while
palpitations and diaphoresis only manifested following mic-
turition. Other cases of urinary bladder paragangliomas have
described micturition-associated symptoms and hypertensive
crises. Three-fold increases of catecholamine secretion after
micturition have been observed in these patients, likely due to
muscle contraction and pressure changes in the bladder lead-
ing to the systemic release of catecholamines.™

Epinephrine and norepinephrine are monoamine neu-
rotransmitters that activate alpha-adrenergic and beta-ad-
renergic receptors. Adrenergic receptors are present in all
tissues of the body but have prominent effects on the smooth
muscle in the vasculature, gastrointestinal tract, urinary tract,
and airways."” Alpha-adrenergic vasoconstriction causes hy-
pertension, which is commonly observed in patients with cat-
echolamine-secreting tumors.”® Catecholamine excess due
to secretion from these tumors causes headache in 60%-80%
of patients, tachycardia/palpitations in 50%-70%, anxiety in
20%-40%, and nausea in 20%-25%."° Other symptoms include
sweating, pallor, dyspnea, and vertigo.”'® This patient’s chronic
nausea, which was attributed to gastroesophageal reflux, and
his anxiety, attributed to generalized anxiety disorder, were
likely symptoms of catecholamine excess.”

The best test for the diagnosis of paragangliomas and
pheochromocytomas is the measurement of plasma free or
24-hour urinary fractionated metanephrines (test sensitivity of
>90% and >90%, respectively).™* Screening for pheochromocy-
toma should be considered in hypertensive patients who have
symptoms of catecholamine excess, refractory or paroxysmal
hypertension, and/or familial pheochromocytoma/paragangli-
oma syndromes." Screening for pheochromocytoma should
also be performed in children and adolescents with systolic or
diastolic blood pressure that is greater than the 95th percentile
for their age plus 5 mm Hg."

While a typical tumor location and elevated metanephrine
levels are sufficient to make the diagnosis of a pheochromo-
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cytoma or catecholamine-secreting paraganglioma, functional
imaging with FDG-PET, Ga-DOTATATE-PET, or 123|-meta-io-
dobenzylguanidine (123I-MIBG) can further confirm the diag-
nosis and detect distant metastases. However, imaging has
low sensitivity for these tumors and thus should only be con-
sidered for patients in whom metastatic disease is suspected.’
Biopsy is rarely needed and should be reserved for unusual
metastatic locations. Treatment with an alpha-adrenergic re-
ceptor antagonist often reduces symptoms and lowers blood
pressure. Definitive management typically involves surgical re-
section for benign disease. Surgery, radionuclide therapy, or
chemotherapy is used for malignant disease.

While most pheochromocytomas are sporadic, up to 40%
of paragangliomas are due to germline pathogenic variants."”
Mutations in the succinate dehydrogenase (SDH) group of
genes are the most common germline pathogenic variants in
the autosomal dominant hereditary paraganglioma syndrome
(HPGL). Most paragangliomas and pheochromocytomas are
localized and benign, but 10%-15% are metastatic.'® SDHB
mutations are associated with a high risk of metastasis.”” Thus,
genetic testing for patients and subsequent cascade testing
to identify at-risk family members is advised in all patients
with pheochromocytomas or paragangliomas.® This patient’s
younger brother and mother were both found to carry the
same pathogenic SDHB variant, but neither was found to have
paragangliomas. Annual metanephrine levels (urine or plasma)
and every other year whole-body magnetic resonance imaging
(MRI) scans were recommended for tumor surveillance.

The clinician team followed a logical branching algorithm for
the diagnosis of severe hypertension with biochemical testing,
advanced imaging, histology, and genetic testing to arrive at
the final diagnosis of hereditary paraganglioma syndrome. Al-
though this patient presented for urgent care because of the
acute effects of catecholamine excess, he suffered from chronic
effects (nausea, anxiety, and hypertension) for years. Each symp-
tom had been diagnosed and treated in isolation, but the com-
bination and severity in a young patient suggested a unifying
diagnosis. The family history of hypertension (brother and fa-
ther) suggested an inherited diagnosis from the father's family,
but the final answer rested on the other branch (maternal uncle)
of the family tree.
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KEY TEACHING POINTS

Hypertension in a young adult is due to a secondary cause in
up to 30% of patients.

Pathologic catecholamine excess leads to hypertension,
tachycardia, pallor, sweating, anxiety, and nausea. A sus-
tained and unexplained combination of these symptoms
should prompt a biochemical evaluation for pheochromocy-
toma or paraganglioma.

Paragangliomas are tumors of the autonomic nervous sys-
tem. The frequency of catecholamine secretion depends on
their location in the body, and they are commonly caused by
germline pathogenic variants.
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