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ABSTRACT

Obijective: To describe a rare single-stage surgical approach for vertebral metastatic pheochromocytoma in a middle-aged adult and review
perioperative management strategies. Introduction Pheochromocytomas are rare neuroendocrine tumors (incidence 0.2-0.9/100,000/year), and
about 10% develop metastases. Bone involvement— especially in the spine —is common in malignant cases. Spinal metastases from pheo-
chromocytoma present hemodynamic challenges due to catecholamine secretion, and no consensus exists on treatment. Case presentation: A
38-year-old man with right adrenal pheochromocytoma on doxazosin reported severe low back pain and an L4 sensorimotor deficit. CT and MRI
revealed an osteolytic lesion at L4 with epidural extension and additional metastatic foci at T11 and L1. Declining staged procedures, he underwent
single-stage oblique anterolateral L4 corpectomy and fusion with an expandable cage. Preoperative preparation: a-blockade (doxazosin 2 mg/day),
B-blockade, and fluoroscopic tumor embolization. Discussion: Vertebral metastasis from pheochromocytoma is rare, with male predominance and
frequent involvement of the thoracic spine. Diagnosis is based on adrenergic symptoms, neurological deficits, elevated metanephrines, and imaging
(CT/MRY). Biopsy is avoided due to bleeding risk. Surgical preparation includes o/p-adrenergic blockade and embolization. For management, en bloc
resection with stabilization is preferred, with a challenging postoperative period requiring intensive care due to hemodynamic instability. Conclusion:
Single-stage vertebral resection for metastatic pheochromocytoma is feasible when accompanied by adequate adrenergic blockade, preoperative
embolization, and multidisciplinary support. Despite aggressive intervention, recurrence and neurological decline are common, underscoring the
importance of early diagnosis and individualized perioperative planning. Level of Evidence IV; Case-Report.
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RESUMO

Objetivo: Descrever uma abordagem cirdrgica rara em tempo unico para feocromocitoma metastatico vertebral em um adulto de meia-idade
e revisar estratégias de manejo perioperatorio. Introdugdo: Feocromocitomas sao tumores neuroenddcrinos raros (incidéncia de 0,2-0,9/100.000/
ano), com cerca de 10% evoluindo com metastases. O acometimento ésseo — especialmente da coluna vertebral — é comum nos casos
malignos. Metastases espinhais por feocromocitoma apresentam desafios hemodinémicos devido a secregdo de catecolaminas, e n&o ha
consenso sobre o tratamento. Apresentagéo do caso: Homem de 38 anos com feocromocitorna adrenal direito em uso de doxazosina relatava
dor lombar intensa e déficit sensitivo-motor em L4. Tomografia e ressonéncia revelaram leséo osteolitica em L4 com extenséo epidural e focos
metastaticos adicionais em T11 e L1. Apds recusar cirurgia em estagios, foi submetido a corpectomia obliqua antero-lateral de L4 e artrodese
com uso de cage expansivel. A preparacao pré-operatoria incluiu bloqueio alfa (doxazosina 2 mg/dia), bloqueio beta e embolizacao tumoral
fluoroscépica. Discussdo: A metastase vertebral de feocromocitoma é rara, com predominio em homens e acometimento frequente da coluna
toracica. O diagndstico baseia-se em sintomas adrenérgicos, déficit neuroldgico, metanefrinas elevadas e imagem (TC/RM). A biépsia é
evitada pelo risco de sangramento. O preparo cirtrgico inclui bloqueio a/p-adrenérgico e embolizagéo. Para 0 manejo, a ressec¢ao em bloco
com estabilizagéo é preferivel, com pds-operatdrio dificil exigindo cuidados intensivos devido a instabilidade hemodindmica. Concluséo: A
resseccao vertebral em tempo Unico para feocromocitoma metastatico é viavel quando acompanhada de bloqueio adrenérgico adequado,
embolizagao pré-operatoria e suporte multidisciplinar. Apesar da intervengdo agressiva, a recorréncia e o declinio neurolégico s&o comuns,
ressaltando a importancia do diagndstico precoce e do planejamento perioperatério individualizado. Nivel de Evidéncia IV; Relato de Caso.

Descritores: Feocromocitoma; Metastase Espinhal; Lombossacral; Descompressdo, Embolizacao Terapéutica; Corpectomia Vertebral.

RESUMEN

Objetivo: Describir un abordaje quirdrgico raro en un solo tiempo para feocromocitora metastasico vertebral en un adulto de mediana edad y
revisar estrategias de manejo perioperatorio. Introduccion: Los feocromocitornas son tumores neuroendocrinos raros (incidencia de 0,2-0,9/100.000/
ano), y aproximadamente el 10% desarrolla metastasis. El compromiso 6seo —especialmente de la columna vertebral— es comdn en los casos
malignos. Las metastasis espinales por feocromocitoma presentan desafios hemodinamicos debido a la secrecion de catecolaminas, y no existe un
consenso sobre el tratamiento. Discusion: La metastasis vertebral por feocromocitoma es rara, con predominio en hombres y afectacion frecuente
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de la columna toracica. El diagndstico se basa en sintomas adrenérgicos, déficit neuroldgico, metanefrinas elevadas e imagenes (TC/RM). La
biopsia se evita por riesgo de sangrado. La preparacion quirdrgica incluye bloqueo adrenérgico o/f y embolizacion. Para el manejo, se prefiere
la reseccion en bloque con estabilizacion, con un postoperatorio complejo que requiere cuidados intensivos por inestabilidad hemodinamica.
Resultados: Pérdida sanguinea estimada de 5.000 mL, se transfundieron tres unidades de concentrado de hematies. La histopatologia confirmd
feocromocitoma metastasico con tincién positiva para cromogranina A, inhibina, sinaptofisina y TFE3. En el posoperatorio, presentd taquicardia
supraventricular, shock séptico y trombosis venosa profunda. Posteriormente, una estenosis traqueal requirié tubo en T de Montgomery. Estudios
de control mostraron recidiva en L4y progresion en T3, T11 y L1, por lo que se inici6 radioterapia paliativa. Evolucioné con empeoramiento de
la debilidad en extremidades inferiores e incontinencia urinaria, requiriendo cuidados intensivos prolongados. Conclusion: La reseccion vertebral
en un solo tiempo para feocromocitoma metastasico es factible cuando se acompara de un bloqueo adrenérgico adecuado, embolizacion
preoperatoria y apoyo multidisciplinario. A pesar de una intervencion agresiva, son frecuentes la recurrencia y el deterioro neurolégico, lo que
subraya la importancia del diagndstico temprano y de una planificacion perioperatoria individualizada. Nivel de Evidencia IV; Reporte de Caso.

Descriptores: Feocromocitoma,; Metastasis Espinal; Lumbosacra; Descompresion; Embolizacién Terapéutica; Corpectomia Vertebral.

INTRODUCTION intralesional necrosis, and soft-tissue attenuation, without significant
periosteal reaction (Figure 2). MRI showed infiltration of the right
posterior element at T3; T11 retropulsion with cord compression
(Figure 3); a pathologic L4 fracture with < 50 % lateral height loss
and cauda equina compression to L5 (Figure 4); and signs of prior
L4 laminectomy and left medial facetectomy. Abdominal MRI sho-
wed an 8.5 x 7.3 cm right adrenal mass with retrohepatic tumor
thrombus and greater than 180° renal artery encasement. (Figure 5)

Pheochromocytomas and paragangliomas are neuroendocrine
tumors of chromaffin cells: pheochromocytomas arise in the adrenal
medulla, and paragangliomas originate in sympathetic ganglia of the
thorax, abdomen, and pelvis'. The annual incidence of pheochro-
mocytoma is 0.2 — 0.9/100 0002 and approximately 10 % become
malignant®. Up to 71% of those develop bone metastases — mainly in
the spine, sacrum, and pelvis — with 38% presenting synchronously*.

Diagnosis is based on plasma or urinary metanephrine levels,
followed by CT or MRI (sensitivities of 89% and 98%, respectively),
although specificity is limited®®. If imaging does not allow for a
definitive diagnosis, positron emission tomography - computed
tomography (PET-CT) with metaiodobenzylguanidine (MIBG) or
fluorodeoxyglucose (FDG) is indicated’.

Primary treatment includes o/p-blockade and surgical resection.
In spinal metastases, vertebroplasty or open surgery with preop-
erative embolization and neoadjuvant therapy are common, but
no consensus exists®®. We report a vertebral metastatic pheochro-
mocytoma in an adult male to expand the literature and discuss
perioperative management.

CASE PRESENTATION

History and Examination

A 31-year-old man with right adrenal pheochromocytoma on
doxazosin and prior L4 decompression with L3-L5 fusion reported
one year of severe low back pain and progressive L4 sensorimotor
deficit (paresis, hypoesthesia) without sphincter involvement.

Radiograph demonstrated L3-L5 fusion with bilateral pedicle
screws and rods (Figure 1). Non-contrast CT revealed an expansile
osteolytic lesion at L4 with left epidural extension, infiltrative margins,

Source: Instituto do Céancer do Estado de S&o Paulo.

Figure 2. Sagittal and axial non-contrast computed tomography (CT)
showing an expansile, osteolytic lesion with ill-defined margins in the L4
vertebral body, along with signs of prior instrumentation at L3 and L5 using
bilateral pedicle screws and rods.

Source: Instituto do Cancer do Estado de Sao Paulo. Source: Instituto do Cancer do Estado de Sao Paulo.
Figure 1. Anteroposterior (A) and lateral (B) radiographs of the lumbar  Figure 3. Preoperative sagittal and axial T2-weighted magnetic resonance

spine obtained postoperatively following decompressive surgery performed imaging revealing vertebral metastases and spinal cord compression at
at an outside facility. the T11 level.
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Source: Instituto do Céancer do Estado de S&o Paulo.

Figure 4. Preoperative sagittal and axial T2-weighted magnetic resonance
imaging revealing vertebral metastases and spinal cord compression at
the L4 level.

Source: Instituto do Cancer do Estado de Sao Paulo.

Figure 5. Coronal (A) and axial (B) T2-weighted magnetic resonance
imaging showing a right perirenal expansive lesion with hepatorenal and
right renal artery invasion.

Procedural Planning and Surgery

The patient declined staged procedures; a single-stage approach
was chosen. Preoperatively, he received a-blockade (doxazosin 2 mg/
day) and B-blockade, followed by fluoroscopic tumor embolization
(Figure 6). With the patient supine, an oblique anterolateral approach
was chosen. A 4 cm incision was made between the anterior superior
iliac spine and umbilicus. Intermuscular dissection, retroperitoneal
mobilization, and partial psoas retraction were performed (Figure 7),
displacing vessels to expose L4 under fluoroscopy with vascular
surgery assistance. L4 corpectomy and interbody fusion with an ex-
pandable cage were performed (Figure 8). Estimated blood loss was
5,000 mL, requiring three units of packed red blood cells.

Source: Instituto do Cancer do Estado de Sao Paulo.

Figure 6. Anteroposterior fluoroscopy during total preoperative embolization
of the tumor at L4 level.
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Source: Instituto do Céancer do Estado de Sao Paulo.

Figure 7. Intraoperative image of the window created for intralesional tumor
resection (A) and after corpectomy of the L4 vertebra (B).

Source: Instituto do Céancer do Estado de Sao Paulo.

Figure 8. Postoperative radiographs in anteroposterior view (A) and lateral
view (B) showing an expandable cage replacing the L4 vertebra and prior
L3-L5 arthrodesis with pedicle screws positioned at an external facility.

Pathology

Histology confirmed metastatic pheochromocytoma, showing
epithelioid cells with moderate-to-high cytologic atypia in an orga-
noid-trabecular pattern and positive immunostaining for chromogra-
nin A, inhibin, synaptophysin, and TFE-3.

Postoperative Course

In the ICU, he experienced supraventricular tachycardia requi-
ring three cardioversions and developed pulmonary septic shock
treated with piperacillin-tazobactam. On the ward, he developed left
lower extremity deep vein thrombosis managed with enoxaparin and
compression. At 45 days, he presented with dyspnea and inspira-
tory stridor due to tracheal stenosis 2 cm below the vocal cords.
A Montgomery T-tube tracheostomy was placed. Imaging then sho-
wed L4 recurrence, progression at T3 and T11, and new L1 invol-
vement; palliative radiotherapy (20 Gy per segment) was initiated.
One month later, he developed worsening lower extremity weakness
and urinary incontinence from cord compression and remains in the
ICU for symptom management.

DISCUSSION

Epidemiology

Visani et al.® systematically reviewed 15 articles on spinal me-
tastatic paragangliomas (44 patients, 73 lesions). Of these, 77%
were male. Metastases involved the thoracic spine in 54%, lumbar
spine in 22%, cervical spine in 12%, and sacral region in 12%. Pri-
mary lesions affected 79.5% of adrenal sites (equivalent to phe-
ochromocytomas), with a mean age of 42 years (range 21-69).




Our patient—a 38-year-old man with thoracic (T11) and lumbosacral
(L1, L4) metastases—matches the male predominance and lesion
distribution described by Visani and by Ayala et al.%, although he is
younger than the average.

Diagnostic Investigation

Classic pheochromocytoma symptoms include headache, palpi-
tations, fatigue, pruritus, sweating, and paroxysmal hypertension. In
this case, the patient presented with hypertension and tachycardia,
warranting plasma or urinary metanephrine measurement and con-
firmation by CT or MRI (Table 1). In spinal metastases, neurological
deficits vary by level: cervical lesions cause bilateral paresis/paresthe-
sia of upper and lower extremities and may impair respiratory function;
thoracolumbar lesions produce low back pain with corticospinal and
spinothalamic deficits affecting lower limbs; lumbosacral involve-
ment can lead to sphincter dysfunction, radiculopathy, proprioceptive
deficits, and postural control issues®. The lesions at T11, L1, and L4
caused catecholamine-related symptoms (controlled with a-blockade)
and compressive symptoms consistent with the anatomical level in-
volved, such as low back pain and neurological deficits.

Onimaging, paragangliomas are known as “chameleon tumors”
due to varied appearances and mimicry of other benign and ma-
lignant neoplasms. Contrast-enhanced CT may show hyperdense
lesions with cystic change, necrosis, calcification, and post-con-
trast enhancement, though one-third exhibit late-phase washout.
T2-weighted MRI reveals moderate-to-intense signal and gadolinium
enhancement (“lightbulb” appearance).®'? Liu et al.'® described spi-
nal metastases as osteolytic with contrast enhancement and absent
calcifications in 18 patients. In our case, CT and MRI findings were
diagnostic when integrated with the patient’s symptomatology and
prior diagnosis of adrenal pheochromocytoma, obviating the need
for nuclear imaging such as PET-CT with MIBG or FDG.”

As a result, in patients with known primary disease, positive
biochemical testing, and confirmatory imaging, a biopsy may be
avoided due to bleeding and dissemination risks.

Table 1. Endocrine Society indications for laboratory testing.

Endocrine Society indications for laboratory testing®

Typical symptoms of paraganglioma, especially paroxysmal ones

Typical symptoms triggered by medications associated with adverse effects
in patients with paraganglioma

Adrenal incidentaloma with or without associated hypertension symptoms

Familial syndrome predisposing to catecholamine-secreting tumors

Previous history of pheochromocytoma

Preoperative Treatments

Adrenergic receptor blockers reduce postoperative mortality.
Competitive a-blockers (doxazosin or prazosin, 6-20 mg/day) are
preferred over phenoxybenzamine because they cause less reflex
hypotension and tachycardia and have a shorter half-life, simplifying
postoperative dose adjustments as catecholamine levels fall after
tumor resection. Although a-blockade lowers hypertensive crises,
it can mask post-resection hypotension and does not fully prevent
intraoperative blood pressure spikes.' B-blockers should be initiated
only after a-blockade to avoid unopposed a-receptor stimulation and
hypertensive crisis. The target blood pressure is below 130/80 mmHg
to ensure hemodynamic stability and minimize perioperative risk.®

Preoperative embolization of segmental arteries significantly
reduces tumor blood supply and improves intraoperative hemo-
dynamics, with a single case of massive intraoperative hemor-
rhage reported.'® Therefore, a-blockade and embolization appear
safe and should be considered in surgical planning to minimize
blood loss and improve hemodynamic stability. In our patient,
these strategies effectively prevented a substantially more severe
hemorrhagic event.

Surgical Treatment

Both primary and spinal metastatic lesions can store and secrete
catecholamines during manipulation, creating a major hemodynamic
challenge that directly influences treatment strategy’.

Visani et al.® noted that seven patients undergoing minimally
invasive treatments (percutaneous cement injection and biopsy)
experienced disease progression. Although this systematic review
of case reports and series is limited by small sample size and se-
lection/publication bias, there are no robust comparative studies;
hence, minimally invasive approaches are reserved for selected
patients with prohibitive surgical risk.

Kaloostian et al.'® evaluated en bloc tumor resections and found
no recurrence in 27 of 29 cases, suggesting en bloc resection is
preferable to piecemeal removal and superior to minimally invasive
techniques. Minimally invasive approaches should be reserved for
patients with high risk (poor functional status, hemodynamic insta-
bility, extensive disease).

Moreover, vertebral instrumentation is often required for me-
chanical stability. Liu et al."”®* emphasize that osteolytic lesions ne-
cessitate stabilization. In our patient, CT revealed malpositioned L3
pedicle screws penetrating the lateral cortex without compromise
of the spinal canal, from prior instrumentation at an outside facility.
We initially planned metastasis resection followed by implant revi-
sion, but the patient refused a second surgery. Consequently, we
preserved the existing L3-L5 fusion and placed an expandable cage
at L4 after corpectomy.

Postoperative Treatments

Management of hemodynamic perturbations, pain, and glyce-
mic control requires ICU care with invasive arterial monitoring for at
least 24-48 hours postoperatively. Kaloostian et al.® reported sig-
nificant morbidity associated with en bloc resection, and immediate
postoperative hyperinsulinism — due to loss of catecholamine
inhibition on pancreatic B-cells — necessitates glucose monitoring
and metabolic support.

CONCLUSION

This case exemplifies the complexity of managing vertebral
metastatic pheochromocytoma, integrating clinical, radiologi-
cal, and surgical aspects to achieve therapeutic success. After
preoperative preparation, corpectomy with vertebral decompres-
sion and resection helps prevent tumor progression and relieve
paroxysmal and compressive symptoms. Postoperative intensive
care is essential to manage hemodynamic instability and prevent
life-threatening complications.
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this article.
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