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Abstract

Small bowel-origin carcinoid tumor is indolent but may me-
tastasize relentlessly to various sites, including the liver. Over
the past 9 years, we have treated a 69-year-old woman who
has undergone 5 percutaneous liver ablations, 5 hepatic in-
tra-arterial chemoembolizations, an ovarian cryoablation,
and a trans-ventral hernia mesenteric cryoablation. These in-
terventions are all related to her inoperable carcinoid malig-
nancy. After the patient presented with swelling of the abdo-
men and both lower extremities, computed tomography
(CT) angiography was performed, revealing a circumferen-
tial hepatic metastatic mass encasing the intrahepatic infe-
rior vena cava (IVC) and extensive third spacing of fluids spe-
cific to the IVC distribution below the diaphragm. A veno-
gram of the intrahepatic IVC revealed extrinsic compression
causing 95% narrowing of the vessel. A balloon was ad-
vanced to the level of the lesion and inflated, increasing the
caliber of the vessel. Subsequently, 2 covered aortic stent
graft cuffs were deployed in an overlapping fashion within
the lumen of the IVC, traversing the area of narrowing. Next,

an open-cell aortic dissection stent was placed across both
overlapping aortic stents from the renal veins to the hepatic
veins. Following this, three 17-gauge cryoablation probes
were inserted into the segment 1 intrahepatic lesions encas-
ing the newly stented IVC via an anterior percutaneous ap-
proach. Two 10-min freeze cycles were performed with intra-
operative CT imaging, demonstrating circumferential cover-
age of the lesions. Posttreatment venogram revealed patent
stent grafts within the intrahepatic IVC, and restoration of
vessel patency. No immediate postoperative complications
were noted. The patient’s abdominal and lower extremity
swelling resolved completely within 1 week after procedure.
Two-month follow-up CT demonstrated markedly decreased
size of the metastatic lesions and no adverse effects. Six- and
9-month PET-CT scans demonstrated maintained patency of
the IVC stent. This palliative procedure allowed the patient
to maintain good performance status and alleviated her
symptoms of IVC syndrome. The radial force generated by
the multiple aortic stents will ostensibly maintain the paten-
cy of the intrahepatic IVC. Cryoablation of the encasing met-
astatic lesion was performed with markedly decreased size
of the tumor on the 2-month follow-up.
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Introduction

Well-differentiated neuroendocrine tumors (NETSs)
are rare tumors with age-adjusted incidence of nonpan-
creatic primary tumors falling at approximately 4.7 per
100,000 [1]. Furthermore, the incidence of primary NET's
has been steadily rising over time. The age-adjusted inci-
dence rate of primary NETs rose from 1.09 to 6.98 per
100,000 between 1973 and 2012 [2]. This increase is most
likely attributable to an increase in detection both on im-
aging and in endoscopy [3]. NETs tend to arise most fre-
quently in the gastrointestinal tract (55%) and the bron-
chopulmonary system (30%). Within the gastrointestinal
tract, NETs are most likely to be found within the small
intestine (45%), especially the ileum, followed by the rec-
tum (20%), appendix (16%), colon (11%), and stomach
(7%) [4].

Histologically, NETs arise from enterochromaftin
cells and are classified based on their origin from the em-
bryonic divisions of the alimentary tract: the foregut,
midgut, and hindgut. Of these locations, those arising in
the midgut (small intestine and proximal colon) produce
serotonin that can give rise to the typical carcinoid syn-
drome. Patients who have a small bowel NET and liver
metastasis may experience carcinoid syndrome, although
small bowel NET's are more often detected incidentally in
asymptomatic patients. If symptoms are present, patients
most commonly experience vague, nonspecific abdomi-
nal pain and/or intermittent obstruction symptoms as a
result of the malignancy [5].

NETs exhibit a predilection for hepatic metastasis, re-
gardless of the site of primary malignancy [6]. Once a tu-
mor has metastasized to the liver, patients often experi-
ence a clinical syndrome related to tumor burden that can
include generalized abdominal pain, jaundice, abdominal
fullness, hepatomegaly, and early satiety. These patients
may also experience effects from the release of serotonin
into the systemic circulation, referred to as carcinoid syn-
drome, classic symptoms of which manifest as flushing
and diarrhea. In addition to liver metastasis, midgut
NETs also tend to metastasize to the mesentery and peri-
toneum and can cause chronic bowel obstruction, leading
to weight loss and malnutrition, intussusception, or isch-
emia necessitating surgical intervention.

SVC syndrome is often caused by a direct invasion or
external compression of the SVC by a malignancy, result-
ing in a constellation of symptoms including facial pleth-
ora, jugular venous distension, and upper extremity
swelling that occurs as a result of compromised blood
flow through the SVC [7]. Malignant compression of the
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inferior vena cava (IVC) however causing a similar clin-
ical syndrome is much less frequently seen. In this article,
we present the case and treatment of a patient with
known history of metastatic small bowel-origin NET.
The patient presented with abdominal and bilateral low-
er extremity swelling and was found to have computed
tomography (CT) evidence for a circumferential hepatic
metastasis that encased the intrahepatic IVC (Fig. 1a, b)
and caused extensive IVC distribution third spacing of
fluids (Fig. 2a, b).

Case Report

The patient described in this article was not a surgical candidate
owing to her metastatic diagnosis and large ventral hernia. She
presented with complications of a metastatic tumor encasing and
obstructing flow through the IVC. This had caused debilitating
lower abdominal and bilateral lower extremity swelling. Urgent
stenting of the IVC using aortic stent grafts was performed.

Using a 21-guage needle and ultrasound guidance, the right
internal jugular vein was accessed, and a guide wire was introduced
into the IVC. Over the guide wire, a 5-French pigtail catheter was
advanced into the intrahepatic IVC. Following this, using a
21-guage needle and ultrasound guidance, the right common fem-
oral vein was accessed and a guide wire was introduced into the
IVC. Under fluoroscopic guidance, a micropuncture sheath was
exchanged first for a 9-French sheath, followed by an 18-French
sheath.

Through the pigtail catheter, an initial IVC venogram was per-
formed, which demonstrated severe stenosis of the IVC at the lev-
el of the lower intrahepatic portion (Fig. 3a). The bilateral renal
veins were noted at the level of the superior endplate of L2. The
bilateral hepatic veins were located at the level of the inferior end-
plate of T11.

Next, through the right common femoral vein sheath and over
a guide wire, a covered aortic cuff stent (28 x 33 mm) was ad-
vanced and positioned along the inferior margin of the stenosis.
Once satisfactory positioning was achieved, the stent was de-
ployed. Angioplasty using a compliant CODA balloon (Gore,
Flagstaff, AZ, USA) was performed over the region of greatest
stenosis. This demonstrated improvement; however, there was
still significant residual stenosis. Therefore, the decision was made
to place an additional stent using the same technique with an ad-
ditional covered stent (28 x 33 mm) that was advanced and posi-
tioned so that the superior edge was below the level of the hepatic
veins. Angioplasty was again performed with a compliant CODA
balloon (Gore, Flagstaff, AZ, USA) over the region of greatest ste-
nosis. After stenting and angioplasty, venogram done at this point
demonstrated significantly improved luminal diameter (shown in
Fig. 3b).

In order to better preserve the luminal diameter due to extrin-
sic compression from the intrahepatic tumors, an additional open-
cell stent (36 x 80 mm) (Cook Medical, Bloomington, IN, USA)
was advanced through the right common femoral vein sheath and
positioned so that the superior end was approximately 1.5 cm be-
low the inferior cavoatrial junction (36 x 36 x 80 mm). Once sat-
isfactory positioning had been achieved, the stent was deployed.
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Fig. 1.a Axial contrast-enhanced CT image
demonstrating diffuse hypoattenuating liv-
er metastases (red arrows). b Coronal con-
trast-enhanced CT image demonstrating 2
metastases, seen to exert marked mass ef-
fect on the IVC (yellow arrows). IVC, infe-
rior vena cava; CT, computed tomography.

Fig. 2. a Axial contrast-enhanced CT image
at the level of the heart. Subcutaneous soft
tissue above the diaphragm is unremark-
able (red arrows). b Axial contrast-en-
hanced CT image at the level of the sacro-
iliac joints demonstrating diffuse soft tissue
infiltration below the diaphragm (yellow
arrows). CT, computed tomography.

Fig. 3. a-c IVC venograms which demon-
strate (a) severe external compression (red
arrows), (b) stent deployment (blue ar-
rows), and (c) post-stenting and angioplas-
ty with improved patency of the IVC (yel-
low arrows). IVC, inferior vena cava.

Fig. 4. a, b Axial and coronal contrast-en-
hanced CT images demonstrating patent
stents within a widely patent IVC (red ar-
rows). IVC, inferior vena cava; CT, com-
puted tomography.
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Fig. 5. a Axial contrast-enhanced CT images before cryoablation. b Axial intraoperative CT image demonstrat-
ing cryoablation probes within the previously noted segment I metastatic lesions (red arrows). ¢ Postcryoablation
2- month follow-up demonstrating reduction in the size of segment I metastatic lesions and patent stent within
the IVC. IVC, inferior vena cava; CT, computed tomography.

Fig. 6. a Coronal Ga68 Dotatate PET-CT scan showing mainte-
nance of IVC stent patency at 6-month follow-up (white arrow).
b Sagittal Ga68 Dotatate PET-CT scan showing maintenance of
IVC stent patency at 6-month follow-up (white arrow). IVC, infe-
rior vena cava; CT, computed tomography.

Angioplasty utilizing the 37-mm molding and an occlusion bal-
loon was performed over the regions of greatest stenosis. After
stenting and angioplasty, venogram demonstrated significantly
improved luminal diameter with no stenosis, and flow to the heart
(shown in Fig. 3c). Nonenhanced CT of the abdomen showed the
widely patent IVC stents (Fig. 4a, b).

Approximately 6 weeks later, the patient returned for cryoabla-
tion. Limited contrast-enhanced CT images were performed to de-
lineate the 3 liver masses for procedure planning (Fig. 5a). Using
CT guidance, a total of three 17-gauge cryoablation probes were
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Fig. 7. a Coronal Ga68 Dotatate PET-CT scan showing mainte-
nance of IVC stent patency at 9-month follow-up (green arrow).
b Sagittal Ga68 Dotatate PET-CT scan showing maintenance of
IVC stent patency at 9-month follow-up (green arrow). IVC, infe-
rior vena cava; CT, computed tomography.

inserted into the liver masses using direct CT fluoroscopy. The
most medial probe was positioned in the superior portion of the
caudate immediately adjacent to the IVC and aorta. The more lat-
eral 2 were positioned to progress along the lateral aspect of the
IVC and the pericaval mass (Fig. 5b). Specifically, the tract of these
lateral 2 probes were planned such that they would traverse the
third lesion, located more superficially in the right lobe of the liver,
along their retraction tract.

Limited CT images were obtained at 5- and 10-min intervals to
evaluate the progression of the ice balls with demonstrated circum-
ferential coverage of the first 2 liver masses. The most medial probe
was then removed. The 2 lateral probes were retracted approxi-
mately 4 cm, and the third lesion was treated. Limited CT images
were obtained at 5- and 10-min intervals. Following removal of the
lateral 2 cryoablation probes, limited CT was performed, which
revealed hypodensities within the region of the liver masses con-
sistent with ice balls.
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No complications or injury to surrounding organs was noted.
The patient tolerated the procedure well without immediate com-
plications. The abdominal and lower extremity swelling resolved
completely within 1 week after the procedure. Not only was this
treatment modality effective in the short term but the stents main-
tained patency until cryoablation of the offending lesion could be
performed approximately 6 weeks later. Stent patency was again
demonstrated on repeat IVC venogram 8 months later when the
patient presented with bilateral lower extremity swelling. IVC
venogram at that time demonstrated wide patency of the IVC
stents with low intravascular volume. The new onset edema was
determined to be due to liver failure and poor nutritional status,
resulting in hypoalbuminemia, unrelated to stenting.

Cryoablation of the metastatic lesion was performed with
markedly decreased size of the tumor demonstrated on follow-up
CT 2 months later (Fig. 5¢). There were no adverse outcomes re-
ported in the immediate postoperative period or on follow-up over
the next 9 months. Follow-up Ga68 Dotatate PET-CT scans per-
formed at 6 (Fig. 6a, b) and 9 months (Fig. 7a, b) demonstrated
maintained patency of the stent.

Discussion

NETs demonstrate a strong propensity for metastasis
with 82% of NET's showing liver metastasis at autopsy [8].
This case demonstrates a rare case of IVC syndrome seen
in a patient with metastatic small bowel NET. These re-
sults are consistent with results seen in Lee et al. [9], which
described long-term efficacy of IVC stent placement in
which 14 patients underwent stent placement following
liver transplant. Zhang et al. [10] also saw both high levels
of technical success in the placement of IVC stents in
Budd-Chiari syndrome and long-term patency with
96.7% of IVC stents remaining patent over a mean follow-
up time of 49 months.

Cryoablation has been used in the treatment of pri-
mary and metastatic liver tumors in cases where surgical
excision is contraindicated, such as in the case of vascular
invasion, metastatic disease, poor liver reserve, or multi-
focal disease. Cooling down to —35°C is required to
achieve a reliable tumor cell kill [11]. Cell death however
is not a direct consequence of lowering tissue tempera-
ture but is caused by destruction of cellular architecture
secondary to ice crystal formation during rapid freezing
[11]. This cellular destruction occurs through multiple
mechanisms including protein denaturation, osmosis-
driven shifts of intracellular and extracellular water,
membrane destabilization, cellular rupture, and tissue
ischemia [12]. Following one freeze-thaw cycle, approxi-
mately 10% of cancer cells are still viable; however, when
a minimum of 2 cycles are used, approximately 100% of
tumor cells are rendered nonviable [13].
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Types of tumors amenable to treatment with hepatic
cryoablation include hepatocellular, colorectal, neuroen-
docrine, Wilms’, renal cell, and adrenocortical tumors
[13]. Percutaneous thermal techniques such as radiofre-
quency ablation, microwave ablation, and percutaneous
cryoablation (PC) are often employed in these cases and
have been shown to have long-term results similar to sur-
gical resection [14]. PC however may be relatively contra-
indicated in certain cases due to the “thermal sink” effect
[15]. This effect refers to the effect of flowing blood in
major vessels near the site of cryoablation, creating diffi-
culty in ice ball formation due to the thermal flow of heat
in the blood adjacent to the lesion. As large volumes of
blood pass by the lesion, continual thermal energy is de-
livered to the ablation site, disrupting ice ball formation.
This can lead to incomplete ablation and tumor recur-
rence [16]. This phenomenon has been overcome by the
use of an intermittently inflated angioplasty balloon with-
in the IVC, causing temporary cessation of blood flow
[16].

The five-year survival for patients with metastatic car-
cinoid tumor is 19-38% [17]. Recent advances in mini-
mally invasive modalities have reduced the need to surgi-
cally resect these tumors [8]. Our PC results are consis-
tent with those in the literature which shows PC to be
technically effective at halting local tumor growth in
89.5% of lesions over a 3-month period [18]. Minimally
invasive modalities such as PC have been instrumental in
prolonging survival in these patients.

IVC syndrome may be considered as an etiology of
new-onset lower extremity swelling in patients with his-
tory of primary or metastatic hepatic malignancy. This
case demonstrates the efficacy of IVC stenting to main-
tain patency, as well as its value as a bridge to more de-
finitive treatment. Minimally invasive PC can be consid-
ered for poor surgical candidates and can be performed
adjacent to a stent graft in the intrahepatic IVC.
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