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a b s t r a c t

Objective: Pheochromocytoma (PCC) crisis caused by acute catecholamine release from an adrenal PCC or
extra-adrenal paraganglioma can be difficult to diagnose and may require an unconventional manage-
ment strategy to achieve good outcomes. We describe a case of PCC crisis presenting with acute respi-
ratory distress syndrome (ARDS) that resolved with stabilization on veno-venous (VV) extracorporeal
membrane oxygenation (ECMO) during adrenalectomy.
Case Description: A 30-year-old man with a history of severe alcohol use disorder and a prior hospital
admission for alcohol withdrawal syndrome presented with sudden-onset hemoptysis, altered mental
status, and severe dyspnea that rapidly deteriorated to ARDS requiring ECMO support. He demonstrated
hemodynamic collapse after cannulation for VV-ECMO and stabilized after conversion to veno-arterial-
ECMO, but ARDS persisted and he developed acute renal failure. Computed tomography without contrast
done as part of work-up for a presumed infection revealed a 6.9 � 6.4 cm right adrenal mass suspicious
for pheochromocytoma. Plasma and random urine metanephrine levels were markedly elevated. ARDS
persisted despite a- and b-adrenoreceptor blockade, and he underwent laparoscopic right adrenalectomy
with VV-ECMO support. Pathology confirmed PCC with intermediate risk for malignancy. Post-
operatively, he was weaned off respiratory and renal support within 10 days, showed rapid clinical
improvement, and was discharged 1 month later.
Conclusion: This case highlights diagnostic and management challenges associated with patients with
PCC crisis presenting with ARDS. A multidisciplinary team approach is critical to identifying appropriate
treatment strategies.
Published by Elsevier Inc. on behalf of the AACE. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Pheochromocytoma (PCC) crisis is caused by rapid release of cat-
echolamines from a PCC or paraganglioma, neuroendocrine tumors
arising fromtheadrenalmedulla orparaganglionic chromaffincells of
the neural crest, respectively.1 PCC crisis often presents acutely with
hemodynamic instability, severe hyper- or hypotension, and cardiac
ndrome; AWS, alcohol with-
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AACE. This is an open access artic
failure, leading to multiorgan dysfunction and death in 6% to 18% of
patients.1 Surgical resection of the whole tumor can provide cure;
however, medical therapy with a-adrenoreceptor blockers is rec-
ommended for patients with PCC, followed by b-adrenoreceptor
blockers as needed to stabilize the patient before surgical resection is
attempted.1,2 Such hemodynamic stabilization is critical to avoid
associated perioperative surgical complications and mortality in the
setting of PCC crisis and can be achieved in most patients.3 However,
patients who exhibit uncommon signs and symptoms of PCC crisis
may have delayed diagnosis and deteriorate rapidly without appro-
priate management.

PCC crisis commonly manifests with cardiogenic shock, neces-
sitating hemodynamic support. Veno-arterial extracorporeal
membrane oxygenation (VA-ECMO), which pressurizes and
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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Table 1
Key Laboratory Test Results Upon Initial Presentation

Test Result Reference range

WBC 25.5 4-11 �103/mL
Glucose 561 70-99 mg/dL
Creatinine 1.7 0.72-1.25 mg/dL
Lactic acid 19.3 0.5-2.2 mmol/L
Troponin I 2.21 <0.04 ng/mL
Ethanol None detected 0 g/dL
Toxicology Positive for cannabinoids

Abbreviation: WBC ¼ white blood cells.

M. Choudhary, Y. Chen, O. Friedman et al. AACE Clinical Case Rep. 7 (2021) 310e314
oxygenates venous blood and returns oxygenated blood to the
arterial system, has provenbeneficial as a bridge to surgery, allowing
time for patient hemodynamic stabilization and initiation of
a-adrenoreceptor blockade prior to surgical removal of the PCC.4-7

In cases of persistent hypoxemic respiratory failure and acute
respiratory distress syndrome (ARDS), veno-venous (VV) ECMO can
be used as respiratory support for gas exchange alone, in which
venous blood is oxygenated and returned to the venous system.8We
report a case of PCC crisis with an uncommon presentation of
sudden-onset hemoptysis and dyspnea that progressed to
treatment-resistant and persistent ARDS. To our knowledge, this is
the first report of a patient with PCC crisis requiring VV-ECMO
stabilization for ARDS that allowed for successful adrenalectomy
to remove the tumor.
Case Report

A 30-year-old manwith a 14-year history of alcohol use disorder
and prior hospitalization for alcohol withdrawal syndrome (AWS)
was brought to the emergency department with sudden-onset
severe dyspnea, significant hemoptysis, and altered mental status.
He reportedly was drinking heavily (5-6 bottles of wine daily) until
his last drink the day before and was exercising at the gym a few
Fig. 1. Imaging tests. A, Coronal view of chest computed tomography (CT) with extensive bil
right adrenal gland 6.9 � 6.4 cm heterogeneous mass with hyperdense central component

311
hours prior to presentation. A 10-year history of untreated hyper-
tension and anxiety were also reported later during hospitalization.

Upon exam, he was febrile (38.4�C), hypoxemic (SaO2 86% on
room air), and tachycardic (148 beats/min), with mild systolic hy-
pertension (140/80 mm Hg) and mottled skin. Key laboratory test
results upon initial presentation are shown in Table 1.

Computed tomography (CT) of the chest showed bilateral lung
reticular and airspace opacities, suspicious for ARDS (Fig. 1 A). The
patientwas intubated and sedatedwith propofol andmidazolam for
suspected AWS. Despite 100% inspired oxygen, high (20 mm Hg)
positive end expiratory pressure, deep sedation, and paralysis, he
continued to be profoundly hypoxemic and was cannulated for VV-
ECMO to provide respiratory support. However, soon after, he
developed hemodynamic collapse and cardiac arrest. Despite
resuscitation and rapid up-titration in pressor and inotropic sup-
port, return of spontaneous circulation could not be achieved, and
he was converted to VA-ECMO for hemodynamic support. Trans-
thoracic echocardiography revealed severe biventricular dysfunc-
tion, with left ventricular ejection fraction 5% to 10% and minimal
pulsatility on arterial waveform, suggesting profound cardiogenic
shock. Within 24 hours of VA-ECMO support, cardiac function
improved; 4 days later, VA-ECMO was removed and he showed re-
covery of left ventricular ejection fraction to 60% by hospital day 10.
Hewasweaned from inotropic support but continued to experience
severe ARDS, requiring 100% oxygen, high positive end expiratory
pressure, prone positioning, and paralysis, and developed acute
renal failure requiring continuous renal replacement therapy.

Treatment for AWS was continued with propofol, fentanyl, and
lorazepam; broad-spectrum antibiotics were added for a presumed
infection, and stress-dose glucocorticoids were given. High fevers
(>40�C), sinus tachycardia, mild-moderate systolic hypertension,
and leukocytosis persisted, but blood and bronchial cultures were
consistently negative.

Once he demonstrated relatively stable oxygenation upon repo-
sitioning, CT of the chest, abdomen, and pelvis without contrast was
ateral lower lobe consolidations. B, Axial and C, coronal view of abdominal CT showing
s.



Table 2
Plasma and Urine Metanephrine Levels

Test Result Reference range

Plasma fractionated
free

Metanephrine 5.4 <0.50 nmol/L
Normetanephrine 18 <0.90 nmol/L

Random urine Metanephrine 9798 94-445 mg/g creatinine
Normetanephrine 6251 67-390 mg/g creatinine
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done as part of the work-up for presumed infection. A 6.9 � 6.4 cm
unilateral right adrenal mass was detected, with hyperdense central
components, possibly representing hemorrhage and suspicious for
PCC (Fig. 1 B,C). Plasma and random urine metanephrine levels were
elevated more than 10-fold (Table 2), confirming a diagnosis of PCC.

a-Adrenoreceptor blockade with oral phenoxybenzamine was
initiated, with dose escalation over 10 days up to 160 mg daily.
Dihydropyridine calcium-channel blockers were added for mostly
mild systolic hypertension, and b1-adrenoreceptor blockers were
used to control tachycardia. The central a2 adrenoreceptor agonist
clonidine was given both for hypertension and presumed AWS.
Despite treatment, the patient showed persistent ARDS, requiring
continuous use of deep sedation and neuromuscular blockade, with
FiO2 requirements between 40% and 100%. He had persistent
tachycardia, large fluctuations in blood pressure, and worsening
lung infiltrates. Hemodynamic status through hospitalization and
significant interventions with emphasis on the first 2 days are
shown in Figure 2.

After multidisciplinary discussions with critical care, endocri-
nology, cardiology, and surgery, the patient was again placed on
VV-ECMO. He underwent VV-ECMOesupported laparoscopic right
adrenalectomy 1 week later, on hospital day 37. The patient toler-
ated the procedure and was transferred back to the intensive care
unit. Within the first 24 hours, he displayed evidence of post-
operative intra-abdominal bleeding, and a reoperation with
abdominal packing was performed. However, this was only a
temporary measure, as the abdominal packing also compressed his
inferior vena cava, restricting flow from his venous cannula. The
patient was transfused and resuscitated and laparotomy the
following day was able to successfully achieve hemostasis.

On pathology, the resected pheochromocytoma scored 5 of 20
on the Pheochromocytoma of the Adrenal Gland Scoring Scale
(PASS) and 3 of 10 on the Grading of Adrenal Pheochromocytoma
and Paraganglioma (GAPP) scale, consistent with a pheochromo-
cytoma with intermediate risk for malignancy. Succinate dehy-
drogenase B was present on tumor immunostaining.

Within 10 days of tumor resection, the patient showed reso-
lution of ARDS and normalization of vital signs and plasma and
urine metanephrine levels, and he was weaned off both VV-ECMO
and continuous renal replacement therapy. Tracheostomy was
placed for gradual ventilator weaning and removed prior to
discharge to an acute rehabilitation unit just over 1 month after
surgery.

On outpatient follow-up 6 months after discharge, the patient
was asymptomatic, sober, and normotensive without tachycardia
after discontinuing all medications and had returned to work.
Plasma and urinemetanephrine levels were normal. CTof the chest,
abdomen, and pelvis did not reveal additional lesions.

Discussion

PCC crisis is potentially fatal if left untreated. Patients typically
present with hemodynamic instability and cardiac failure from
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excessive acute catecholamine release. Treatment with a- and b-
adrenergic blockade, and, occasionally VA-ECMO, is successful in
these cases to provide hemodynamic stabilization prior to surgical
resection of the PCC.1,2 Our patient presented with persistent ARDS.
His long history of alcohol use disorder and a toxicology screen
positive for cannabinoids led to a suspected diagnosis of aspiration
pneumonitis and/or bacterial or viral pneumonia with contribution
of septic shock in the setting of AWS and illicit drug use,9,10 rather
than an uncommon presentation of PCC crisis.

A number of other underlying causes were considered in the
differential diagnosis. Pulmonary embolism might have explained
the tachycardia and severe hypoxemia, but not the severe left
ventricular dysfunction seen on echocardiography; as a precaution,
he was empirically treated with anticoagulation while on VA-
ECMO. Acute coronary syndrome was thought to be unlikely
given the lack of significant troponin elevation or specific risk fac-
tors. Diabetic ketoacidosis can trigger ARDS,11 but although he
showed elevated blood glucose levels at presentation, he had no
prior history of diabetes mellitus, and urine was negative for
ketones.

New-onset hemoptysis and acute respiratory failure as initial
signs and symptoms of PCC crisis have been reported, with a sug-
gestion that pulmonary venous congestion secondary to high blood
pressure leads to pulmonary edema and hemorrhage.12-14 Our pa-
tient, however, developed treatment-resistant ARDS that only
resolved after adrenalectomy, indicating that factors other than
pulmonary edema contributed to the ARDS. Possible causes for this
presentation could include catecholamine surge-induced vascular
lung injury and constriction,15,16 increased alveolar fluid reab-
sorption via Na,K-adenosine triphosphate activity,17 and activation
of the lung immune system.18,19

To our knowledge, this is the first report of VV-ECMOeassisted
adrenalectomy in a patient with PCC crisis and resistant ARDS.
VA-ECMO has been used in PCC crisis with severe cardiogenic
shock to allow cardiopulmonary support and hemodynamic sta-
bilization prior to adrenalectomy. However, only rarely is surgery
performed while on VA-ECMO, as most patients receiving medical
therapy experience clinical improvement prior to surgery.4-7 In a
recent report, adrenalectomy was performed immediately after
VA-ECMO cannulation without preoperative a-adrenoreceptor
blockade in 4 patients with presumed PCC crisis, but feasibility of
such an approach is unclear, as metanephrine levels were not
reported and only 2 of 4 patients had pathology confirmation of
PCC.20

Importantly, although ECMO can stabilize patients with PCC
during surgery in critically ill patients such as ours, its use should
be considered very judiciously. Excess bleeding or clotting as well
as vascular injury and ischemia have all been reported and can
exacerbate the course of disease.21,22

Conclusion

This case highlights diagnostic and management challenges
associated with PCC crisis in a patient with persistent ARDS.
Medical therapy with a- and b-adrenoreceptor blockade was un-
successful in resolving ARDS, ultimately necessitating VV-ECMO
support while undergoing adrenalectomy and PCC resection, with
full and rapid recovery. Given the complexity of such cases, a
multidisciplinary team approach comprising critical care pulmo-
nology specialists, cardiologists, endocrinologists, and surgeons can
help identify appropriate treatment strategies that yield good
outcomes.



Fig. 2. Vital signs and critical events from initial presentation (Day 1) until discharge (Day 75). A, Summary of Days 1 through 75. B, Days 1 and 2 shown in detail.
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