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Introduction 

Ectopic pheochromocytoma, or paraganglioma (PGL), 
accounts for approximately 10% of all pheochromocytoma 
and paraganglioma (PPGL) cases (1). It can occur at various 
sites and is accompanied by refractory hypertension or 
a transient hypertensive crisis in some cases. Although 
more than half of the patients lack specific manifestations 
owing to the absence of early symptoms, they present 
with incidentalomas (2) that often involve surrounding 
tissues or organs (3). Herein, we describe a case of ectopic 
pheochromocytoma surrounding the right renal artery. 
Preoperative visualization was achieved via 3-dimensional 
(3D) reconstruction to evaluate the tumor and surrounding 
tissues. Subsequently, laparoscopy-assisted resection was 
performed without causing injury to the renal artery.

Case presentation

All procedures performed in this study were in accordance 
with the ethical standards of the institutional and/or 
national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was provided by the patient’s legal guardians for publication 
of this article and accompanying images. A copy of the 
written consent is available for review by the editorial office 
of this journal. 

A 14-year-old boy presented to the Affiliated Jinhua 
Hospital, Zhejiang University School of Medicine (Jinhua, 

China), because of occasional dull flank pain for the 
past 3 years, which was evident during exercise. There 
were no positive signs in the abdomen and no history of 
hypertension.

Computed tomography angiography (CTA) showed 
a mass with a heterogeneous shadow (5.6×3.6 cm) that 
was located between the inferior vena cava (IVC) and 
the abdominal aorta (AA) and enwrapped the right renal 
artery (Figure 1) without being metastasized. Magnetic 
resonance imaging (MRI) revealed similar findings. 
According to the results of blood tests, most hormone levels 
were normal during endocrinological examination (plasma 
metanephrine, 35.3 pg/mL; plasma dopamine, <18.0 pg/mL; 
plasma epinephrine, <24.0 pg/mL; plasma norepinephrine, 
210.2 pg/mL; plasma renin, 86.25 uIU/mL; angiotensin II,  
91 pg/mL; plasma aldosterone, 258 pg/mL; blood cortisol, 
573.14 nmol/L at 8:00 am, 37.76 nmol/L at 0:00 am, and  
274.23 nmol/L at 4:00 pm; 24-hour urinary cortisol,  
570.27 nmol), whereas plasma normetanephrine were 
significantly higher (248.9 pg/mL) and adrenocorticotropic 
h o r m o n e  ( A C T H )  l e v e l  w e r e  s l i g h t l y  h i g h e r  
(71.59 pg/mL). Based on these findings, the patient was 
eventually diagnosed with ectopic pheochromocytoma.

The enhanced computed tomography (CT) and magnetic 
resonance (MR) Digital Imaging and Communications in 
Medicine (DICOM) image data were rigidly registered 
using the 3D Slicer software (https://www.slicer.org/). The 
“Segment Editor” module was used for 3D reconstruction. 
The resulting image showed deformation of the IVC due 
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to the compression of the tumor on it, and part of the right 
renal artery was surrounded by the tumor (Figure 2).

The patient was administered 10 mg phenoxybenzanine 
hydrochloride orally twice a day for 1 week, followed 
by  per i tonea l  l aparoscopic  resec t ion  o f  ec top ic 
pheochromocytoma. Blood volume was expanded through 

fluid infusion 2 days before surgery to reduce intraoperative 
fluctuations in blood pressure. Before the surgery, the 
patient was informed of the possibility of intraoperative 
vascular injury and intraoperative IVC or right renal 
artery reconstruction. The patient took a left lateral 
lying position. The location of the ports were similar to 
those of conventional laparoscopic adrenalectomy (LA)  
(10 mm port to the right of the umbilicus was used as the 
observation hole, 2 operation holes were located at the 
lower edge of the rib on the right midclavicular line, and 
the intersection of the line between the observation hole 
and the umbilicus and the right anterior axillary line). 
During the surgery, the tumor was found to adhere to the 
IVC and aorta. In the process of separating the tumor, we 
found that the blood vessels of the tumor were scattered 
on the surface of the tumor. We controlled the blood 
supply of the tumor by separating the exposed blood vessels 
and cutting them off. After dissecting the lower half of 
the tumor, we lifted the tumor; it could be observed that 
the tumor was wrapping around the right renal artery, as 
shown in the reconstructed image (Figure 3). After careful 
dissection, the right renal artery surrounded by the tumor 
was separated without causing vascular wall injury. The 
surgery was completed in 145 minutes. The intraoperative 
systolic blood pressure ranged from 96 to 220 mmHg, 
whereas the diastolic blood pressure ranged from 60 to  
130 mmHg. No signif icant f luctuations in blood 
pressure were observed postoperatively. Pathological 

Figure 1 Contrast-enhanced CT coronal images. The yellow 
arrow indicates the mass between the inferior vena cava and the 
abdominal aorta, with the right renal artery extending into the 
mass. CT, computed tomography.

Figure 2 3D visualization. The whole frontal image (left) and the local image of the back (right) are shown. The mass is shown in yellow. 
3D, 3-dimensional.

https://context.reverso.net/%E7%BF%BB%E8%AF%91/%E8%8B%B1%E8%AF%AD-%E4%B8%AD%E6%96%87/left+lateral+lying+position
https://context.reverso.net/%E7%BF%BB%E8%AF%91/%E8%8B%B1%E8%AF%AD-%E4%B8%AD%E6%96%87/left+lateral+lying+position
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examination revealed characteristics similar to those of 
pheochromocytoma (Figure 4). The patient was discharged 
5 days after surgery, and CT was repeated regularly. 
No recurrence, metastasis, or other complications were 
observed after 6 months of follow-up.

Discussion

LA is the gold-standard method for the treatment 
of most adrenal lesions. However, in cases of large 
pheochromocytomas (PCC), LA can be extremely 
challenging owing to limitations such as 2-dimensional 
(2D) visualization and instability of the camera platform (4). 
Large adrenal tumors are typically defined as those with 
a diameter of >5 cm (5). According to Wang et al., tumor 
size is an independent predictor of a longer surgical time 
and increased blood loss in large tumors (6). Therefore, 
a comprehensive preoperative evaluation is particularly 
important for selecting the optimal surgical plan and 
controlling surgical risk in patients with large tumors.

In addition to the challenges associated with the tumor 
size, the varied locations of ectopic pheochromocytoma 
increase the difficulty of surgery. Many researchers have 
suggested that preoperative imaging reconstruction 
enhances the understanding of the retroperitoneal mass 
and its surrounding anatomical location. Yao et al. found 
that preoperative stereographic 3D printing models were 
of great significance when planning the resection of a large 
PCC/PGL. Specifically, the 3D printing models reduced 
the operative time and blood loss (7). On comparing 
differences in the cognition of surgeons on blood vessels, 
Yang et al. found that 3D printing models improved the 
understanding of the surgical anatomy of retroperitoneal 
tumors (8). Although 3D printing models offer convenience 
for surgery, they are time-consuming and expensive. Some 
clinical cases of giant ectopic PCC have been reported. 
These PCC affect the surrounding tissues owing to their 
excessive size and may invade blood vessels. Wang et al. 
reported a case of a large PCC adhering closely to the 
AA and IVC. The AA and IVC were simultaneously 
removed, and 2 great vessels were reconstructed using 2 
externally supported polytetrafluoroethylene (ePTFE) 
grafts (9). Tumor size is not the only risk factor for 
pheochromocytoma invading surrounding tissue, Patel et al. 
described a tumor measured 3.5 cm in diameter and showed 
evidence of capsular and vascular invasion (10). Preoperative 
reconstruction image is necessary to provide the surgeon 
with a 3D perspective and formulate appropriate surgical 
strategies for ectopic PCC affecting the surrounding tissues 
and organs. After reviewing articles on adrenal tumor and 
combining with clinical experience, we recommended 
3D reconstruction of adrenal tumor when it is excessively 
large, has a close relationship with the surrounding organs 
and blood vessels, or is considered a pheochromocytoma 
or other hormone-releasing tumor; 3D imaging can 
help in designing an appropriate approach and avoiding 
unnecessary tumor extrusion (11,12). In this case study, we 
used 3D Slicer, a free and open-source software, to visualize 
and reconstruct the vascular organs surrounding the ectopic 
pheochromocytoma. After the blood vessels surrounding 
the tumor were evaluated, a multi-disciplinary treatment 
(MDT) strategy was implemented in combination with 
vascular surgery and other related departments including 
department of anesthesiology and endocrinology before 
the operation. We planned to separate the right renal 
artery surrounded by the tumor and be prepared for 
vascular reconstruction during surgery. The surgery was 
performed by urologists trained in reconstruction. This 

Figure 3 Anatomical features found during surgery. The mass 
surrounds the right renal artery. M, mass; RA, right renal artery; A, 
aorta; V, vena cava. 

Figure 4 Hematoxylin-eosin staining revealed a nested or 
trabecular architecture with abundant sinuses (magnification ×40).



Huang et al. Application of 3D visualization in adrenalectomy3160

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(4):3157-3161 | https://dx.doi.org/10.21037/qims-23-1667

treatment strategy neither required specialized equipment 
nor introduced extra costs. At present, this visualization 
technique is used in preoperative image reconstruction 
in many clinical departments, including preoperative 
visualization of the neurovascular relationship in trigeminal 
neuralgia (13), visualization of perianal fistulas (14), and 
mapping of white matter connections in the brain (15).

In this case study, the reconstructed images accurately 
predicted the events occurring during surgery. The surgeon 
can see the entire blood vessel through the reconstructed 
three-dimensional image, the right renal artery has entered 
the mass which can also be observed in scrolling 2D images, 
but the 3D image shows that the artery traverses the mass 
intactly. According to the 3D image, the renal artery was 
distinguished from the artery of the tumor, and the right 
renal artery was not mistaken for the artery of the tumor 
during the operation, which allowed renal artery injury 
to be avoided. In addition, the tumor needs to be incised 
when separating the tumor from the renal artery, and the 
selection of the location of the incision is crucial. We opted 
to perform tumor insection from the dorsal aspect of renal 
artery. This decision was based on the observation that 
this entry point exhibits the shortest distance to the right 
renal artery and results in a smaller incision wound, thereby 
minimizing tumor stimulation and reducing intraoperative 
blood loss. Consequently, we firmly believe that 3D 
imaging confers significant advantages over 2D imaging 
when it comes to preoperatively planning optimal tumor 
incision points and identifying vascular characteristics 
(their association with tumors). The time and cost of 
reconstruction were effectively controlled. Recurrence or 
metastasis was not observed during the 6-month follow-up. 
Given that guidelines suggest a follow-up of at least 10 years 
postoperatively, the patient was offered life-long follow-up 
counseling owing to the intermediate risk of disease (16).
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