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Pheochromocytoma/paraganglioma (PPGL)-related hypercatecholaminemic crisis is a rare
lethal condition caused by uncontrolled catecholamine secretion, occasionally leading to
critical fluctuation in blood pressure (BP). Emergent transcatheter arterial embolization
(TAE) has been employed for spontaneous PPGL rupture, but never, to our knowledge, for
critical fluctuation in BP associated with PPGL-related hypercatecholaminemic crisis. We
describe here our experience utilizing this method to control critical fluctuation in BP as-
sociated with this crisis in a 44-year-old man with an unruptured retroperitoneal paragan-
glioma. The patient experienced sudden severe left abdominal pain and came to our emer-
gency department, where he exhibited severe fluctuation in BP and underwent laboratory
testing that showed hypercatecholaminuria and computed tomography (CT) that revealed
a left retroperitoneal tumor with no apparent intra- or retroperitoneal hematoma. We per-
formed emergent TAE from the left inferior phrenic artery using gelatin sponge, which sta-
bilized his BP and relieved his abdominal pain. Histologic examination following elective
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surgical resection of the tumor confirmed our diagnosis of unruptured retroperitoneal para-

ganglioma. We believe that TAE represents an important option for the emergent treatment

of the critical BP fluctuation associated with PPGL-related hypercatecholaminemic crisis.
© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Pheochromocytomas and paragangliomas (PPGLs) are rare
catecholamine-secreting neuroendocrine tumors that origi-
nate from chromaffin cells in the adrenal medulla (pheochro-
mocytomas) and the extra-adrenal autonomic ganglia (para-
gangliomas) [1-6]. PPGL-associated hypercatecholaminemic
crisis is a rare lethal condition resulting from uncontrolled
catecholamine secretion, which may lead to severe hyper-
and/or hypotension, multisystem organ failure, and, less
frequently, critical fluctuation in blood pressure (BP) [6-14].
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Generally, the first-line treatment for PPGLs is elective surgical
tumor resection preceded by antihypertensive therapy using
alpha-1 blockade [15]. Surgery carries a high risk of intra- and
perioperative morbidity and mortality, whereas patients ex-
periencing hypercatecholaminemic crisis may require emer-
gency surgery [16-20]. In patients with critical fluctuation in
BP, particularly with episodes of severe hypotension, medi-
cal control using alpha-1 blockade may be contraindicated
[11-14]. Emergent transcatheter arterial embolization (TAE)
has been sometimes performed for spontaneous rupture
of PPGLs, but we believe it has not been utilized in pa-
tients manifesting severe BP fluctuation associated with
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Fig. 1 - Pre- (a) and postcontrast computed tomography (CT) on admission (b) disclose a left retroperitoneal tumor of 4-cm
diameter with mild hyperattenuation (arrow in a) that shows an area of strong enhancement in its dorsal-dominant part
(arrowhead in b) but otherwise poor enhancement (arrow in b). Noncontrast CT the next day (c) reveals increased
attenuation of peritumoral fat without apparent intra- or retroperitoneal hematoma. Following transcatheter arterial
embolization (TAE) for the tumor, posteroanterior view of 122 I-metaiodobenzylguanidine (MIBG) scintigraphy (d) detects its
uptake into the tumor (arrow), and noncontrast T1- (e) and T2-weighted magnetic resonance imaging (MRI) (f) disclose
peripheral-dominant T1 shortening and T2 elongation throughout most of the mass (arrow) that shows poor enhancement
on the postcontrast CT (b) except the dorsal-dominant part (arrowhead), strong enhancement.
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Fig. 2 - Selective left inferior phrenic arteriography reveals
tumor stain (open circle) corresponding to the left
retroperitoneal tumor without extravasation or
pseudoaneurysm.

hypercatecholaminemic crisis in the absence of rupture
[21-23]. We present the case of a patient with an unruptured
retroperitoneal paraganglioma who underwent emergent
TAE that successfully controlled critical fluctuation in his BP
associated with hypercatecholaminemic crisis.

Case report

A 44-year-old Japanese man with no notable medical history
suddenly experienced severe left abdominal pain when he
bent forward during a morning train ride. On admission to our
emergency department, he demonstrated peripheral coldness
and clamminess in his extremities, and his systolic BP showed
severe fluctuation, between 80 and 200 mmHg, with tachycar-
dia of 160 bpm. Blood tests revealed elevated levels of leuko-
cytes (22,400 /uL) and troponin I (927.1 pg/mL), hypokalemia
(2.9 mEg/L), and hyperglycemia (368 mg/dL). Pre- and post-
contrast computed tomography (CT) disclosed a left retroperi-
toneal tumor of 4-cm diameter with mild hyperattenuation
that showed an area of strong enhancement in its dorsal-
dominant part but otherwise poor enhancement (Figs. 1a and

1b). We suspected the patient was experiencing hypercat-
echolaminemic crisis associated with PPGL and transferred
him to our intensive care unit. Twenty-four-hour urinaly-
sis revealed elevated levels of metanephrine (52.7 ng/mgCre)
and normetanephrine (34.5 pg/mgCre); his BP continued to
demonstrate critical fluctuation with episodes of severe hy-
potension; and abdominal pain was uncontrolled by anal-
gesics. On Day 2, noncontrast CT disclosed increased attenua-
tion of the peritumoral fat with no apparent intra- or retroperi-
toneal hematoma, suggesting impending rupture of the PPGL
(Figure 1c). Considering the risks associated with both emer-
gent surgical resection of the tumor and medical control us-
ing alpha-1 blockade in this patient, we decided to perform
emergent TAE under strict monitoring by anesthesiologists
as follows. Although selective left inferior phrenic arteriog-
raphy with a 4-F shepherd hook catheter and a 1.7-F micro-
catheter inserted via the right common femoral artery re-
vealed no extravasation or pseudoaneurysm, we injected one-
mm? gelatin sponge from the left inferior phrenic artery via
the left inferior adrenal artery and then completely elimi-
nated the tumor stain in order to decrease blood flow to the
tumor and suppress catecholamine secretion (Fig. 2). During
and just after the procedure, the patient’s BP continued to
fluctuate; but four hours after the procedure, his BP had sta-
bilized, and he reported relief of his abdominal pain (Fig. 3).
He then received alpha-1 blockade (doxazosin, 1-6 mg/day) by
mouth for 3 weeks and underwent elective surgical tumor re-
section on Day 24. On Day 4, his levels of urine metanephrine
and normetanephrine had returned to normal. On Day 12,
123]-metaiodobenzylguanidine (MIBG) scintigraphy detected
its uptake into the tumor (Fig. 1d). On Day 13, noncontrast
magnetic resonance imaging (MRI) disclosed T1 shortening
primarily in the periphery and T2 elongation throughout most
of the mass that had shown poor enhancement on the previ-
ous CT (Figs. 1e and 1f). The tumor was histologically diag-
nosed as an unruptured retroperitoneal paraganglioma with
large coagulative necrosis and dorsal-dominant viable cells,
no hemorrhage, and peritumoral inflammation (Fig. 4). The
patient’s postoperative BP remained stable, and he was un-
eventfully discharged on Day 29.

Discussion

Hypercatecholaminemic crisis associated with PPGL is a rare
and potentially lethal condition that results from uncon-
trolled catecholamine secretion. Various triggers, including
a forward-bending posture, can induce this crisis and occa-
sionally lead to critical fluctuation in BP, such as that mani-
fested by our patient [12-14,24,25]. Ohara and colleagues re-
ported acute attacks of critical fluctuation in BP in a patient
with a pheochromocytoma with spontaneous large coagula-
tive necrosis [11]. They surmised that catecholamine-induced
vasoconstriction had produced acute infarcts in the tumor un-
der chronic ischemia that progressed through repetitive mas-
sive releases of catecholamines into the circulation, result-
ing in extensive necrosis [11]. Similarly in our patient, his-
tological examination confirmed a large area of coagulative
necrosis without hemorrhage within the paraganglioma. CT
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of the necrosis showed mild hyperattenuation and poor en-
hancement, and MRI following TAE demonstrated peripheral-
dominant T1 shortening. Indeed, increased attenuation in CT
has been associated with increased cellular density without
liquefaction in coagulative necrosis, and extensive coagulative
necrosis without hemorrhage can show entire T1 shortening,
such as that reported in uterine leiomyomas with red degener-
ation [26,27]. In our patient, the viable area of the tumor that
showed strong enhancement on CT on admission preserved
its uptake of MIBG even after TAE, so we speculate that the
necrosis might not be attributable to the non-superselective
TAE using the temporary embolic material.

Prior to surgical tumor resection, spontaneous remission
of hypercatecholaminemic crisis associated with pheochro-
mocytomas with extensive necrosis has been attributed to
exhaustion of catecholamine secretion [11]. Ohara and col-
leagues reported spontaneous resolution of severe BP fluc-
tuation within 2 weeks after the onset, with normalization
of plasma catecholamine levels and no uptake of MIBG into
the tumor, secondary to completion of the extensive necro-
sis [11]. Otherwise, particularly when emergent surgery and
medical control using alpha-1 blockade bear high risk, treat-
ment might comprise mechanical circulatory support with a
cardiopulmonary device or intra-aortic balloon pump and/or
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removal of catecholamines by continuous hemodiafiltration
[28-32]. Alternatively, we chose to perform emergent TAE,
which swiftly controlled the critical BP fluctuation, and ul-
timately performed elective surgical tumor resection. To our
knowledge, emergent TAE has never been performed to ad-
dress the critical BP fluctuation associated with unruptured
PPGL-related hypercatecholaminemic crisis, but we believe its
use could rapidly decrease blood flow to the paraganglioma
and suppress catecholamine secretion, leading to swift stabi-
lization of BP and symptom relief. Thus, though TAE is theoret-
ically regarded as a potential trigger of hypercatecholamine-
mic crisis, in this clinical scenario in which other methods
are contraindicated, emergent TAE under strict monitoring
may represent an important treatment option [28]. Actually,
similarly in our patient, this procedure has been described to
successfully rescue unruptured PPGL-related catecholamine-
induced cardiogenic shock as a bridge to surgical tumor re-
section [28]. We used gelatin sponge as temporary embolic
material instead of polyvinyl alcohol as permanent embolic
material, because the latter was not clinically approved in our
country. Although critical BP fluctuation associated with hy-
percatecholaminemic crisis can recur following TAE using the
temporary embolic material, this procedure appears accept-
able at least as a bridge to elective surgical tumor resection.

Day 4
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Fig. 3 - Line charts representing systolic (red line) and diastolic blood pressure (BP) (blue line) and heart rate (HR) (gray line)
before and after transcatheter arterial embolization (TAE) for the tumor. Severe BP fluctuation is noted before the TAE that

rapidly disappears thereafter. ICU = intensive care unit.
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Fig. 4 - Pathologic findings of the resected retroperitoneal paraganglioma. Macroscopically, the tumor (4.0 x 2.5 x 5.0 cm? in
the diameter) adjacent to the left adrenal gland (arrowhead) shows extensive coagulative necrosis (arrow) with a viable
component in the dorsal part (asterisk) (a). Histologically (hematoxylin-eosin stain), tumor cells with amphophilic
cytoplasm grow in a nested pattern (b). Ghost tumor cells are noted in the necrotic area with inflammatory reaction at the
periphery (left) (c). Peritumoral inflammation and fibrosis are apparent without hemorrhage (d).

Conclusion
2

We believe this is the first report of emergent TAE performed
to control critical fluctuation in BP associated with hypercate-
cholaminemic crisis in a patient with an unruptured retroperi-
toneal paraganglioma and that TAE represents an important 3
treatment option for such cases by rapidly decreasing blood
flow to the tumor and thus suppressing catecholamine secre-
tion, particularly when emergent surgery and medical control
using alpha-1 blockade bear high risk.
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