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Abstract

Background: Surgical management and outcome of pheochromocytoma with invasion of the
inferior vena cava (IVC) has been scarcely reported in the literature. As surgical resection of

Table 3. POST-OP OUTCOMES

. o . S . Outcome n %
this condition is underrepresented, we include a case report and a systematic literature review.
Results: A literature search in PubMed yielded 29 case reports between 1969 and 2014. With Survival 26 87
the inclusion of our new case report, the mean age of the patients was 43.3 years, with 33% Recurrence 0 0
being female (n=10) and 67% being male (n=20). 77% (n=23) of the cases were right-sided Death 4 13

pheochromocytomas that invaded the IVC, with only one case localized in the organ of
Zuckerkandl. For diagnosis, both laboratory tests and imaging modalities were used. 77%
(n=23) reported using laboratory tests (serum and urine metabolites) to diagnose
pheochromocytoma while 83% (n=25) reported using various imaging modalities to localize the

Discussion
Rarely, pheochromocytoma can extend into the IVC through direct caval wall invasion or the venous
drainage system. Our systematic literature review and report of 30 cases in the past five decades

extent of the tumor prior to surgery. On average, 2-3 different imaging types were used per Figure 1. CT Scan of right-sided Pheochromocytoma and intra-op cavotomy. revealed that there has been no consistent reporting of these cases. Only 77% of the cases reported
case. Of the 25 cases that used imaging diagnostics, 80% (n=20) were able to detect IVC using serum or urine metabolite tests to diagnose pheochromocytoma when these tests are considered
invasion prior to operation. Pre-operative treatment was reported in only 37% of the cases. to be the most reliable way of assessing this condition.*> Compared to pheochromocytoma patients

without IVC involvement, there is a predominant male patient population in cases with IVC

Surgical approach via sternotomy, thoracophrenolaparotomy, or thoracoabdominal approaches
were used to completely resect the tumor and IVC. Aggressive surgical tumor and IVC
resections resulted in excellent post-operative outcomes with 0% recurrence and four deaths Unknown
unrelated to the operation.

Conclusion: Pheochromocytoma with IVC involvement is curable with surgical resection.
Multiple imaging modalities should be used to confirm IVC involvement and/or metastases to
other organs. However, malignant characteristics of pheochromocytoma still have yet to be
defined clearly and management of these cases need to be reported more consistently.

Results involvement.'4 There was also a higher likelihood of a right-sided tumor extending into the IVC, which is
expected due to the direct anatomical convergence of the right adrenal vein into the IVC compared to
the left adrenal vein.

Once pheochromocytoma was diagnosed in patients with serum or urine metabolite tests, pre-operative
Imaging was almost universally conducted to localize the tumor. On average, 2-3 different imaging
modalities were used per case to assess the extent and to confirm IVC invasion. The most common
type of imaging was the CT scan, and the most effective, an ultrasound. Only 37% reported the use of a
and/or B blockade even though treatment to control hypertension prior to operation is crucial.
Intraoperative findings revealed variability in surgical techniques depending on the location of the tumor
within the IVC. Post-operatively, patients had great outcomes with 0% recurrence. In fact, the four

Pheochromocytoma is a catecholamine- producing neoplasm of the adrenal gland that, if left documented deaths were due to causes unrelated to the operation itself. For the 26 patients who

untreated or missed, is likely fatal.?® Pheochromocytomas are highly vascularized and can Fi > Male domi d richt-sided t laterality ¢ survived, however, there was variability in follow-up time lengths with a mean disease-free period of
spread intravenously to adjacent adrenal veins, renal veins and, rarely, to the inferior vena cava 'sure <. viale dominance and right-sided tumor faterality in cases o 25.3 months from post-op to most recent follow-up. The discrepancy in follow-up time intervals stresses

and into the right atrium. A majority of pheochromocytomas are benign, however, 10-15% of Pheochromocytomas with IVC invasion. the need for more consistent monitoring. Especially since malignancy of pheochromocytomas has yet
to be clearly defined, continuous monitoring of these patients should be considered to prevent the risk
of metastasis in the long-term.

Introduction

these adrenal tumors can be malignant, with an overall 5-year survival of 40-50%. Currently,
according to WHO, malignant pheochromocytoma is defined by distant metastases at sites

where chromaffin is otherwise unlikely to be found.?® Thus, tumor extension into the IVC does Table 1. IMAGING MODALITIES _

not necessarily indicate malignancy.1® Invasion into the IVC may be via direct tumor invasion of Conclusion

the venous wall or from tumor extension via small draining veins.1? Pheochromocytoma is primarily a surgical disease that can be completely cured with resection of the
A|though aggressive Surgica| resection has been indicated as the treatment of choice for these Imaging MOdality No. of studies No. of IVC tumor, but no other SpeCiﬁC recommendations for management can be made at this time. Pre-
cases, surgical management of pheochromocytoma with IVC invasion is scarcely reported used invasion detected operatively, possible invasion into the IVC should be considered when imaging, and multiple modalities

likely due to its low incidence.2* Thus, surgical management of these rare cases have been should be used. There is also a need to systematically report such rare cases of IVC involvement for

: : . . . . . o CT scan 19 6 ificati i i
variable and challenging. We give a comprehensive review of the diagnosis, localization, and Angi hy/V C h 14 4 proper management and clarification of potentially malignant pheochromocytomas.
surgical management of pheochromocytomas with IVC invasion in hopes to assess the most nglograpny/vena L.avograpny S
MRI 7 4 The rarity of this condition and the scarcity of cases reported has made it difficult to compare the
Methods Echocardiography 3 1 mhanaghement ytof th(lesek (I:asefs. tTherethls tr:nc:oc?s![stetncyt thth' data reporting, and malignant
: . eocnromocytomas laCKk Clear teatures otner than distant metasiasis.
A literature search was conducted and yielded 29 cases between 1969 and 2014. Data was MIBG 3 0 f rences
I I . I ) I i . Castello P, Melvin EC, Robert AK, et al. Problems in the diagnosis of adrenal tumors. Radiolo ; 125: 335-341.

eXtraCted based On the fO”OWIng Varlables patlent S age’ gender’ Iabs’ Slze and Iaterallty Of the ExcrEtory Urography 2 O ; ghetn H, :ip'\[:/)lel RS,E(;:’DRorisiotIGE, e:E al.:'he North A:nericaﬁ Neuroendocrim;.c TumorF;ocietygc»;inZs:quiﬂseslin3e4florthe diagnosis and management of neuroendocrine tumors: pheochromocytoma, paraganglioma
tumor’ IVC InvaSIOn’ preoperatlve treatment and Imaglng’ preoperatlve procedures’ and Chest X-ray 1 O 3 ?Zrc])::;sszlrlla;\s/tICZ)L?\i?\Acca)nlf:;bZing;eVa\]lsszgtlgi 3!\3;Z:Z;r7\18e3r;t of primary non-renal parenchymal malignancies with vena caval thrombus. J Urol 1991; 145: 243-247
OﬂCO|OgIC8.| OUtComeS 4: D.avis P. Maligr;antpheoclh.romocytoma\’Nith f;Jnctior)ingmetastases. Lancet 195?; 20: 5.2—56. . ‘ T .

5. Dicke TE, Henry ML and Minton JP. Intracaval extension of pheochromocytoma simulating pulmonary embolism. J Surg Onkol 1987; 34: 160-164.

6. Dossett LA, Rudzinski ER, Blevins LS, et al. Malignant pheochromocytoma of the organ of Zuckerkandl requiring aortic and vena caval reconstruction. Endocr Pract 2007; 13: 493-497.

. unn CW, Snyder , Rin S, et al. Pheochromocytoma with extension into the inferior vena cava: a case report. Surgery 1992; 1 472-474.
Case Repo rt g Eunr}izly\élr{, gngp\r;ZaHnEL ai\éTG&e:Fer GV\yl,‘ Int;avefous exténsio}} ofendozri::e tumc?rs.AJR 1980; I135:471|—ZF1)f76jc ’ . :1 :11 4|7 e X » i 2010: €5 485433

. ural C, Bilge O, Toker A, et al. Malignant pheochromocytoma with cavo-aortal extension: transcaval removal of tumor without cardiopulmonary bypass. Minerv Chir ; 65: 485-488.
A 21 year old female presented to the ED with a 1 month history of headache, sweating and Table 2. SURGICAL MANAGEMENT 11 Gadstin i, O'Neil . Holcom G, a1 Cnicl experence over 45 years with pheachvomaeytoma. Ann S 1999, 229: 755 706, |
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without contrast detected a mass of 9.8x7.7x7.6 cm from the right adrenal gland. It did not 14 Knssahan, Woubet T Uptote O The il Marmgement Of Putients With Vascular Eteraion OF Phoschoomtocytoma. Veoeulor 2010, 233 207,008,
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