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Results: Two dogs had similar clinical signs suggestive of congestive hepatopathy
including marked ascites and lethargy. One dog had clinical signs of CrVC syndrome
including head and neck swelling with pitting edema and pleural effusion. After stent
placement, venous pressure gradients were decreased and repeat angiography con-
firmed that vascular patency was reestablished. Resolution of clinical signs was mar-
ked in all 3 dogs with only mild complications including tachyarrhythmias and
hypertension in 1 dog during the perioperative period. Two dogs that required addi-
tional transatrial stent placement for reobstruction 6 and 14 months later improved
after the second stent implantation. Survival times poststenting for the dogs were
3, 21, and 37 months, with cause of death related to the cardiac tumor in all dogs.

Conclusions and Clinical Importance: Endovascular transatrial stenting may provide
a long-term palliative treatment option for dogs with clinical signs attributable to
tumor-induced venous obstruction when more traditional treatments are declined or

not indicated.
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1 | INTRODUCTION

A 9-year-old castrated male Petit Basset Griffon Vendeen dog (dog 1)
was evaluated at the Ryan Veterinary Hospital of the University of
Pennsylvania because of progressive abdominal distension and leth-
argy of 3 weeks' duration. Physical examination findings included a
body weight of 14.7 kg and tachycardia. The dog had severe abdomi-
nal distension, a palpable abdominal fluid wave, no jugular distension
or jugular pulses, a grade 2 to 3/6 systolic heart murmur, and general-
ized muscle wasting.

Pertinent clinicopathologic findings included a low serum total pro-
tein concentration (4.7 g/dL; reference range, 5.4-7.1 g/dL) and low
serum globulin concentration (2.2 g/dL; reference range, 2.4-4.0 g/dL).
Prothrombin and partial thromboplastin times were normal with an
increase in D-dimer concentration (1.53 ug/mL; reference range,
<0.2 pg/mL) and clumped platelets.

Abdominal ultrasonography identified a large volume of anechoic
fluid. Evaluation of a sample obtained during removal of 1.1 L of fluid
was consistent with a modified transudate. Thoracic radiography iden-
tified soft tissue opacities at the heart base and cranial mediastinum.
The caudal vena cava (CdVC) was dilated. No evidence of pulmonary
metastatic disease was observed.

Echocardiography identified a 5 x 5 cm hypoechoic mass within
the right and left atria and spanning the interatrial septum. The mass
extended to the level of the tricuspid valve on short axis views of the
heart base, but did not appear to invade the right ventricle. Cranial and
CdVC blood flow was laminar around the intracardiac mass. Pericardial
effusion was not observed. Given the location and extent of the mass,
the most common differential diagnoses included hemangiosarcoma,
chemodectoma, and ectopic thyroid tissue. Cardiac magnetic resonance
imaging confirmed the presence of a large tumor invading the right
atrium and a separate but similar-appearing, nonobstructive mass in the
cranial mediastinum consistent with thoracic radiographic findings
(Figure 1). Multiple hepatic nodules also were identified.

A diagnosis of congestive hepatopathy was made because of
suspected CdVC obstruction by the cardiac mass that had resulted in
suspected portal hypertension and severe ascites. The dog was dis-
charged from the hospital with furosemide (Salix, Merck) at a dosage
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FIGURE 1 Lateral thoracic
Mass

magnetic resonance angiogram
from case 1demonstrating large
right atrial mass (white dashed
outline) and cranial mediastinal
mass. Note the contrast filling of
the cranial vena cava (CrVC);
however, the venous obstruction
of the CdVC has prevented
contrast filling of this vessel
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of 0.4 mg/kg PO q12h and spironolactone (Amneal Pharmaceuticals)
at 1.7 mg/kg PO q12h.

Two weeks later, the dog was reevaluated after no clinical improve-
ment on the prescribed medications. The owners consented to pallia-
tive treatment with a stent to relieve venous obstruction and improve
the dog's quality of life because surgical removal or debulking was
deemed a poor treatment option because of anticipated morbidity.

The dog was anesthetized using standard hospital protocol.
Cefoxitin (Fresenius Kabi USA) was administered at a dosage of
30 mg/kg IV once, followed by 15 mg/kg IV q2h during the operative
period. The dog was placed in dorsal recumbency with the neck and
right hind limb extended to provide access to the left jugular and right
femoral veins in the event rotation into right lateral recumbency would
be necessary during the procedure. All manipulations of guide wires,
catheters, and stents were performed under fluoroscopic guidance. Per-
cutaneous vascular access of the left external jugular vein was followed
by placement of a 12-F vascular introducer sheath (Vascular introducer,
Infiniti Medical). A 4-F angled catheter (Berenstein catheter, Infiniti
Medical) and guide wire (Weasel wire, Infiniti Medical) combination was
advanced through the vascular introducer sheath, into the right atrium,
and manipulated past the obstruction into the CdVC. The right femoral
vein in the proximal portion of the thigh was isolated by surgical cut-
down, and a 10-F vascular introducer sheath (Vascular introducer,
Infiniti Medical) was placed. A 4-F angled catheter was advanced over a
guide wire into the CdVC, and the guide wire then was removed and
replaced with a 10-mm gooseneck snare (Amplatz gooseneck snare,
ev3 Endovascular). An exchange-length, 0.035-inch guide wire (Basset
wire, Infiniti Medical) was advanced through the jugular catheter and
CdVC and through the open gooseneck snare. The snare was closed
around the jugular guide wire, and the combination was removed
through the femoral sheath, which established through-and-through
safety guide wire access from the jugular vein to the femoral vein. A
5-F pigtail marker catheter (Pigtail measuring catheter, Infiniti Medical)
was advanced through the femoral sheath, adjacent to the through-
and-through safety guide wire, and positioned in the CdVC at the level
of the diaphragm.

Contrast angiography was performed by simultaneous injection
through the pigtail marker catheter and jugular sheath to determine
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the precise location and extent of the cardiac mass in the right atrium.
Caudal vena cava contrast drainage was delayed when compared to
cranial vena cava (CrVC) drainage. In addition, the CdVC was dis-
tended and contrast drained via collaterals into the vertebral venous
plexus and subsequently the azygos vein to return blood of the right
atrium, cranial to the tumor obstruction (Figure 2A). The pigtail
catheter and jugular sheath then were used to measure a venous pres-
sure gradient of 6 mm Hg (8 cmH,0) between the CrVC and the
obstructed CdVC confirming severe venous obstruction.

Diameters of the CrVC and CdVC were extrapolated from angio-
grams obtained with the marker catheter in place. Stent diameter was
selected to be approximately 110% to 120% of the diameter of the
measured vessels. Stent length was determined such that the cranial
aspect of the stent would fall caudal to the brachiocephalic venous
confluence within the CrVC and the caudal aspect of the stent would
fall between the right atrium and the diaphragm. A 10-F delivery sys-
tem containing a 14 mm x 100 mm self-expanding mesh nitinol stent
(Vet-Stent trachea, Infiniti Medical) was advanced over the exchange-
length safety guide wire and through the jugular vascular sheath until
it was in position across the right atrium and the venous obstruction.
Positioning of the delivery system was confirmed by repeat angiogra-

phy. A transesophageal echocardiography system was used to monitor

FIGURE 2 Lateral digital
subtraction thoracic caudal vena
cava (CdVC) venograms (A,B) and
lateral (C) and ventrodorsal

(D) thoracic radiographs from
case 1. A, CdVC venogram
demonstrating the right atrial
mass (MASS) filling defect
extending to the CdVC and right
atrium junction. Note the azygous
vein providing some
decompression of the partially
obstructed CdVC. B, CdVC
venogram performed after partial
deployment of the transatrial
stent. The deployed stent has
restored venous return with
contrast entering the right atrium
and the azygous vein is no longer
filling with contrast as the
obstruction has been relieved.
C,D, Post-transatrial stent
placement thoracic radiographs
demonstrating stent extension
from the cranial vena cava,
through the right atrium, to

the CdvC

stent position and tumor displacement during deployment. Assisted
respiration was temporarily ceased during deployment of the stent
and monitored by use of constant fluoroscopic and transesophageal
echocardiographic guidance. During stent deployment across the
mass, the dog developed atrial fibrillation, tachyarrhythmias, and
hypertension that responded to an IV esmolol (Mylan Institutional)
bolus (dose not reported) followed by a constant rate infusion. After
approximately 75% stent deployment, a repeat contrast venogram via
the femoral sheath confirmed restored blood flow and drainage
through the decompressed CdVC and stent interstices into the right
atrium and ventricle (Figure 2B). Collateral CdVC decompression via
the vertebral venous plexus and azygos vein was no longer observed
(Figure 2B-D). Stent deployment then was completed, and the deliv-
ery system removed over the guide wire. Repeat, poststenting central
venous pressures were obtained through the pigtail catheter and jugu-
lar sheath and indicated nearly complete resolution of the CrVC and
CdVC pressure gradient (actual values not reported in patient record)
and near complete resolution of the previous venous obstruction
based on repeat angiography.

The femoral vascular sheath was removed, and the femoral vein
ligated. The jugular vascular sheath was replaced with a 7-F triple lumen

catheter that was secured in place. The dog recovered without
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complications, the esmolol was tapered and discontinued overnight,
and atenolol (Mylan Pharmaceutical) was administered at 0.4 mg/kg PO
q24h, phenoxybenzamine (API Solutions) at 0.17 mg/kg PO gq24h, and
amoxicillin/clavulanic acid (Clavamox, Zoetis) at 16.7 mg/kg PO q12h
for 10 days at discharge 2 days later. Diuretics were discontinued.

Dog 1 was reexamined approximately 7 weeks after stent place-
ment. The owners reported improved appetite, resolution of abdomi-
nal distension, and occasional cough. Body weight of 13 kg reflected a
loss of 1.4 kg since the procedure, likely a combination of ascites
resolution and improving body condition after increased appetite.
Repeat laboratory testing indicated resolution of hypoproteinemia
(from 4.7 to 6.0 g/dL; reference range, 5.4-7.1 g/dL), hypoglobuli-
nemia (from 2.2 to 2.7 g/dL; reference range, 2.4-4.0 g/dL), and hypo-
albuminemia (from 2.5 to 3.3 g/dL; reference range, 2.5-3.7 g/dL).
The dog had no clinical signs for approximately 14 months. At that

FIGURE 3 Autopsy image from case
1 approximately 21 months after initial
stent placement in a left lateral thoracic
perspective demonstrating the 2 masses
as well as a stent visible in situ within the
caudal vena cava (CdVC)

O o e e

time, the dog was examined for abdominal distension suggestive of
tumor ingrowth into (or beyond) the stent, vascular thrombosis, or wors-
ening heart failure. Repeat catheterization confirmed tumor ingrowth,
vascular obstruction, and an increased venous pressure gradient (values
not recorded). Restenting (within the first stent) using another 14 mm x
100 mm self-expanding, mesh nitinol stent placed through the jugular
sheath again relieved the obstruction. The dog recovered unevent-
fully, and ascites resolved.

Approximately 7 months later (21 months after the first stent
procedure), the dog was euthanized for progressive lethargy, anorexia,
and coughing. Necropsy was performed and disclosed large volume
abdominal, pleural and pericardial effusions, a large cardiac mass for
which histological and immunohistochemical evaluations were incon-

clusive for neuroendocrine tumor, multifocal cranial mediastinal carci-

noma metastases with histomorphological features suggestive of

FIGURE 4 Transthoracic echocardiographic images from case 2. Imaging from a right parasternal 4-chamber (A) and apical 4-chamber
(B) view demonstrated a large, echogenic mass (dotted outline) filling nearly the entire right atrial chamber with deviation of the interatrial septum
and likely extension of the mass to the left atrium (LA). LV, left ventricle; RV, right ventricle
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ectopic thyroid carcinoma (positive staining for thyroid markers), and
no other evidence of distant metastases. Although the histopathology
and special stains were inconclusive, the tachyarrhythmias and hyper-
tension experienced during manipulation of the tumor while deploying
the stent were suggestive of a functional paraganglioma. Tumor
ingrowth into the stent had occurred and a catheter could not easily
be passed through the lumen, suggesting recurrent malignant vascular
obstruction (Figure 3).

A 7-year-old, 29.6 kg male castrated Australian Shepherd dog (dog
2) presented to the Internal Medicine Service of The Ohio State Univer-
sity Veterinary Medical Center for refractory ascites. The ascites had
been present for 2 months and was reported to be nonresponsive to
diuretic treatment. Physical examination identified marked abdominal
distension with a palpable fluid wave and mild jugular pulsation at the
thoracic inlet. Results of a CBC and serum biochemical profile were
unremarkable. Abdominal ultrasonography identified severe ascites with
CdVC and hepatic venous dilatation. Fluid analysis of the abdominal
effusion was compatible with a modified transudate. Echocardiography
(Figure 4) disclosed a mixed echogenic mass occluding the right atrial
lumen and displacing the atrial septum to the left. Acquired tricuspid
stenosis was observed and the parietal tricuspid valve leaflet appeared
thickened consistent with either thrombus or extension of the atrial
mass. Medical treatment was initiated with furosemide at a dosage of
1.7 mg/kg PO q12h, spironolactone at 0.83 mg/kg PO q12h, and enala-
pril (Oceanside Pharmaceuticals) at 0.3 mg/kg PO q12h.

Venotomy of the right external jugular vein was performed and a
7-Fr biopsy forceps (Cup biopsy forceps, Cook Medical) advanced under
fluoroscopic guidance and used to obtain a biopsy specimen of the
luminal right atrial mass. Well-differentiated cardiac myocytes and adi-
pose tissue with small quantities of fibrous connective tissue were
observed on histopathology and interpreted as nondiagnostic with no
evidence of neoplasia. At the time of biopsy, venography was per-
formed to estimate caval diameters, with the CrVC measured at approx-
imately 14 mm and the CdVC at approximately 18 mm. The length
required to span the atrium was estimated at 120 mm. Over the next
2 months, weekly abdominocentesis (approximately 5 L per visit) was
required to control abdominal fluid accumulation. Two months after ini-
tial presentation, transatrial stenting was performed in a manner similar
to that described for dog 1. The venous pressure gradient was 7 mm Hg
(4 mm Hg in the CrVC, 11 mm Hg in the CdVC). Venography identified
a large filling defect in the right atrium, obstructing CdVC return. A
custom-made woven nitinol stent (Vetstent-Trachea, Infiniti Medical)
measuring 20 mm x 113 mm was advanced from the left jugular vein
access site and deployed from the CdVC, through the right atrial lumen,
and into the CrVC. Follow-up venography showed improved CdVC
return. The dog was discharged 2 days postoperatively after an
uneventful recovery. Home treatment consisted of the previous furose-
mide, spironolactone, and enalapril; additionally administered medica-
tions included tramadol (Sun Pharmaceuticals) at a dosage of 1.7 mg/kg
PO q12h and amoxicillin/clavulanic acid at 12.5 mg/kg PO gh12.

The dog was reexamined 5 days after the stent procedure for
vomiting, lethargy, panting, and inappetence. Physical examination

disclosed a regular heart rate of 180/min, body temperature of

103.3 F, and severe peritoneal effusion. A CBC disclosed a left shift
with band neutrophils of 2.4 x 10%/L (27%), and toxic changes in leu-
kocyte morphology. Cytology of the effusion showed 67% neutro-
phils, 32% monocytes, and 1% lymphocytes, consistent with
moderate mixed inflammation. Bacterial culture of the abdominal

FIGURE 5 Thoracic radiographs from case 2 at 1 day post stent
implantation (A), 4 months post stent implantation showing migration
of the cranial aspect of the stent into the right auricle (B), and

13 months after initial stenting (7 months after the second stent
implantation) showing position of the second stent
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effusion was negative. Sterile peritonitis was suspected and
enrofloxacin (Baytril, Bayer Animal Health) was administered prophy-
lactically at a dosage of 8.3 mg/kg IV q24h, cerenia (Zoetis) at
0.83 mg/kg SQ g24h, and IV fluids. Tachycardia persisted throughout
hospitalization and was interpreted as a focal atrial tachycardia.
Digoxin (Hikma Pharmaceuticals) at a dosage of 0.004 mg/kg PO
q12h and diltiazem (Hikma Pharmaceuticals) at 1 mg/kg PO g8h were
administered for the atrial arrhythmia. The dog was discharged 2 days
after presentation on furosemide 2.7 mg/kg PO qg8h, spironolactone
0.83 mg/kg PO q12h, enalapril 0.33 mg/kg PO q12h, amoxicillin/
clavulanic acid 12.5 mg/kg PO qgi12h, enrofloxacin 4.5 mg/kg PO
q24h, diltiazem 1 mg/kg, PO g8h, and digoxin 0.004 mg/kg PO q12h.
At reevaluation 2 weeks after stent implantation, ascites was
completely resolved, the CBC was normal, and the heart was in normal
sinus rhythm with first degree atrioventricular block and rare premature
atrial complexes. Furosemide was gradually tapered and discontinued
1 month after stent implantation. Follow-up examinations over the next
5 months were unremarkable, but 5.5 months after stent implantation
ascites began to reaccumulate. Radiographs at that time identified
migration of the cranial aspect of the stent into the right auricle
(Figure 5). Six months after stent implantation, cardiac catheterization
again was performed in a manner comparable to the first procedure;
CdVC venography showed narrowing of the contrast through the prior
stent with compressed stent diameter measured at 8 mm and a pres-
sure gradient was identified from the cranial right atrium (10 mm Hg) to
the CdVC (13 mm Hg). Balloon dilatation of the compressed region of
the original stent was attempted using an 18 mm x 4 cm balloon dilata-
tion catheter (Tyshak balloon dilatation catheter, Numed), but the stent
lumen returned to 8 mm diameter after balloon dilatation. Percutane-
ous access to the right jugular vein then was obtained using an 11-Fr
sheath (Pinnacle, Terumo) and a second stent (a laser-cut, self-
expanding nitinol stent [Vet stent-Cava, Infiniti Medical] measuring

N

26 mm diameter by 80 mm length) was implanted from the jugular
access site over a guidewire directed through the interstices of the first
stent to recapture position within the CrVC because the cranial aspect
of the original stent could not be catheterized because of migration into
the right auricle.

A mild decrease in ascites accumulation was noted after the
second stent procedure, but intermittent abdominocentesis was
required. Adjustments in diuretic treatment were made on a monthly
to bimonthly basis over the next 2.5 years, with abdominocentesis
required every 2 to 4 months. The dog's quality of life remained good
with progressive increases in the dose of diuretic required to control
abdominal fluid accumulation. Atrial fibrillation developed 15 months
after the second stent implantation. The dog was euthanized 37 months
after initial presentation because of lethargy and inappetence. On nec-
ropsy, the right atrial lumen was distended by a tan, nodular mass com-
prising >90% of the atrial volume (Figure 6). The mass obstructed the
tricuspid orifice and caval entrances and displaced the atrial septum to
the left, compromising left atrial volume. The stents were unchanged in
position with a patent lumen and open interstices at the cranial aspect
of the right atrium and CrVC junction. Areas of endothelialization were
observed around the stent, particularly at contact points among the
atrium, mass and vein, which may have partially impaired flow through
the stent interstices. Histologically, the mass was compatible with a
paraganglioma, staining positive for synaptophysin and chromogranin A.

A 9-year-old castrated male Beagle (dog 3) was examined at the
Animal Medical Center Interventional Radiology service for head and
neck swelling and edema. The dog had a previous history of well-
controlled diabetes mellitus managed with 0.65 U/kg Humulin insulin
(Novolin H, Novo Nordisk) SC g12h. Physical examination findings
included body weight of 10 kg, head and neck swelling with pitting
edema, decreased lung sounds, tachypnea (40 breaths per minute),

and a grade 2/6 systolic heart murmur.

FIGURE 6 Necropsy images from case 2. The opened right atrial perspective (A) shows a large, expansile mass (dotted outline) filling the right
atrial lumen and obstructing the tricuspid valve orifice. The wireframe of the stent can be seen at the CdVC (*) and also at the right auricle
(arrow). From the left atrial perspective (B), the mass (dotted outline) can be seen deviating the interatrial septum but was not invasive to the left

atrium (LA). LV, left ventricle; RV, right ventricle
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FIGURE 7 A, Lateral and, B, ventrodorsal digital subtraction thoracic venograms before transatrial stent placement from case 3. A, Dual
caudal vena cava (CdVC) and cranial vena cava (CrVC) venograms through a marker catheter (white arrows) and the jugular sheath (not visualized)
demonstrating a filling defect from the tumor (white dashed outline) in the right atrium. The CdVC is patent, however, the CrVC is distended with
collateral vessel reflux as well as reverse flow down the azygous vein (“Downhill azygous vein”). B, Ventrodorsal digital subtraction CrvVC
venogram demonstrating downhill azygous vein flow because of the CrVC tumor obstruction at the level of the CrVC and right atrial junction

Echocardiography identified a mass obstructing the CrvVC and
right atrium. Thoracic radiography disclosed no obvious pulmonary
metastases, moderate pleural effusion, and elevation of the trachea at
the level of the cranial mediastinum. Thoracocentesis of 225 mL mod-
ified transudate fluid improved tachypnea and had a triglyceride con-
centration of 30 mg/dL, with no evidence of neoplastic cells on
cytology. Thoracic computed tomography identified a large heart base
mass (6 x 5.5 x 5.3 cm) with strong contrast enhancement, displacing
the CrVC to the right and causing severe compression at the level of
the right atrium. A moderate volume of fluid was detected in the
dependent portion of the thorax and several small (approximately
3 mm) soft tissue nodules were present throughout the lungs. Fine-
needle aspiration of the cardiac mass yielded epithelial cells with mini-
mal atypia consistent with a chemodectoma.

The patient was anesthetized and placed in dorsal recumbency.
Percutaneous right jugular vascular access was obtained and a 12-Fr
vascular introducer sheath placed. Serial angiography of the CrVC
showed slow contrast drainage, a filling defect at the level of the cra-
nial aspect of the right atrium, reverse blood flow in the azygos vein,
and multiple small venous collateral vessels decompressing the dis-
tended CrVC (Figure 7). The CdVC had normal venous drainage. A
transatrial 14 mm x 85 mm self-expanding metallic stent (SEMS)
(Vetstent-Trachea, Infiniti Medical) was placed without complications
based upon calibrated measurements made during angiography and
was followed by bradycardia (heart rate not recorded in record). The
venous pressure gradient obtained before stent placement (gradient,
6 mm Hg; CrVC, 13 mm Hg; CdVC, 7 mm Hg) was decreased immedi-
ately after stent placement (gradient, 1 mm Hg; CrVC, 11 mm Hg;
CdVC, 10 mm Hg). Repeat angiography identified resolution of the
CrVC obstruction, improved venous drainage, and return of normal
(caudal to cranial) azygos vein blood flow (Figure 8). The introducer
sheath was exchanged for a triple-lumen catheter and the patient
recovered with only mild bleeding from the vascular sheath site. Pro-

cedure time was 90 minutes. The patient was discharged 2 days later

(A)

(B)

FIGURE 8 Lateral thoracic digital subtraction venograms pre

(A) and post (B) transatrial stent placement from case 3. A, Cranial
vena cava (CrVC) venogram after partial transatrial stent deployment
over a guidewire (white arrows). The deployed stent (black arrows)
has restored CrVC patency as demonstrated by the contrast flow into
the right atrium and ventricle (RV) with only minimal reflux in the
azygous vein. The proximal end of the stent is still constrained (black
dashed arrows) within the delivery system. B, Dual CrVC and CdVC
venograms after complete stent (black arrows) deployment
demonstrating accurate stent placement and restored CrVC patency

on amoxicillin/clavulanic acid at a dosage of 12.5 mg/kg PO q12h for
14 days and instructions to continue previous insulin treatment.
Head and neck swelling resolved over the next few days. Exami-

nation 6 days postoperatively showed that the head and neck swelling
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and pleural effusion had resolved. The dog weighed 7.8 kg, which was
2.2 kg less than before transatrial stenting. Toceranib (Palladia, Zoetis)
at a dosage of 2.5 mg/kg PO g48h, cerenia at 2 mg/kg as needed,
metronidazole (Covetrus) at 16 mg/kg PO q12h as needed, and
famotidine (Pepcid AC, Fresenius Kabi USA) at 1.3 mg/kg PO g24h
were prescribed.

The dog was presented dead-on-arrival to the emergency service
169 days after stenting. The dog had collapsed and had what appeared
to be a convulsion according to the owner. No ascites or head swelling
was present at the time of death and the stent was patent upon on nec-
ropsy examination. Marked hepatomegaly suggestive of right-sided
heart failure was present as well as tumor infiltration into the right and
left atria, the right ventricle, the epicardial surface, and pericardial space,

resulting in a mass effect and pericardial hemorrhage.

2 | DISCUSSION
Three dogs were presented with large, nonresectable intracardiac
masses obstructing venous return to the right atrium. Venous return
to the heart was severely decreased, leading to congestion and sub-
sequent ascites (dogs 1 and 2) or head swelling and pleural effusion
(dog 3). Central venous obstruction can have marked systemic
effects because of decreased cardiac output and venous congestion. In
the first 2 cases, marked ascites and lack of identifiable intra-abdominal
disease suggested congestive hepatopathy or other type of hepatic
venous outflow obstruction.! Budd-Chiari Syndrome, as originally
described, refers to primary obstruction of the hepatic veins, but some
degree of CdVC obstruction typically is present.>* The other 2 compo-
nents of hepatic venous outflow obstructions include veno-occlusive dis-
ease characterized by obstruction at the level of the sinusoids and
terminal venules, and congestive hepatopathy, defined as venous
obstruction at the level of the heart.3* In dogs 1 and 2, obstruction of
CdVC blood flow at the level of the right atrium resulted in hepatic con-
gestion, portal hypertension, and subsequent ascites and thus would be
consistent with congestive hepatopathy. Hind limb edema was not appar-
ent in these 2 dogs because the canine CdVC seems to easily develop
systemic venous collateral circulation when obstruction is chronic. The
canine portal system does not establish collateral circulation as readily,
and intrahepatic venous hypertension leads to increased hydrostatic pres-
sure and development of a modified transudative abdominal effusion.
Although the azygos vein permits decompression of the obstructed CdVC
via lumbar veins and the vertebral venous plexus, the size of this vessel
often is insufficient to provide complete relief of venous congestion. The
location of the venous obstruction also leads to increased CdVC pres-
sures, which may explain the lack of acquired portosystemic shunts that
presumably would develop to relieve chronically increased portal venous
pressure. Because CdVC pressures are increased in addition to portal
venous pressure, there does not seem to be an increasing pressure gradi-
ent that would favor collaterals to develop. This situation has occurred in
other dogs with Budd-Chiari syndrome.*

Dog 3 presented with head and neck swelling and pleural effusion,

consistent with CrVC syndrome.>” Cranial vena cava syndrome results

N

from obstruction of blood flow secondary to extrinsic compression or
intrinsic occlusion from tumors, thrombosis, or heartworms.” The sever-
ity of clinical signs depends upon the completeness and duration of the
obstruction and the adequacy of collateral venous drainage; chronic
obstructions provide more time for collateral circulation to develop and
relieve venous hypertension. Occlusion of the superior vena cava in
humans necessitates collateral venous drainage to develop, likely
through some combination of communications among the internal
mammary, lateral thoracic, vertebral, and esophageal veins with the azy-
gos vein or inferior vena cava; similar collaterals likely develop in
dogs.8 1 Experimentally, ligation of the CrVC cranial to the azygos vein
in dogs leads to chylothorax in approximately 50% to 70% of cases.®” It
is unclear why some dogs have the ability to tolerate this obstruction
and others do not; the difference likely is explained by available collat-
eral circulation. Interestingly, dog 3 experienced at least partial relief of
venous congestion by reverse blood flow through the azygos vein (so-
called “downhill azygos vein”) into the vertebral venous plexus and lum-
bar veins and then into the CdVC. After ligation of the superior vena
cava in humans, the azygos vein has been shown to reverse blood flow
direction.® Reverse azygos blood flow observed in dog 3 has not been
reported previously in dogs. Although the azygos vein routinely is
sacrificed during thoracic surgery in humans thoracic surgery® and occa-
sionally in dogs, consideration should be given before sacrificing this
vessel, especially if venous drainage from the head, neck or forelimbs
may be of concern in the future. En bloc ligation of the thoracic duct
(including the azygos vein) has been considered for surgical manage-
ment of idiopathic chylothorax in dogs.!! Because the azygos vein can
provide decompression of obstructed lymphatics, ligation of this vessel
may have beneficial or deleterious effects in different cases and should
be studied more carefully before routinely being ligated. We were sur-
prised by the partial decompression of CdVC obstruction provided by
the azygos vein, as well as the reverse (“downhill”) drainage by the azy-
gos vein to decompress CrVC obstructions, in these 3 dogs.

Cardiac tumors ultimately were the cause of the obstructions in
all 3 dogs. The most common cardiac tumors in dogs are hem-
angiosarcoma, chemodectoma, and ectopic thyroid tissue.'>*® The
tachyarrhythmias and hypertension experienced in dog 1 were sugges-
tive of a possible nonadrenal pheochromocytoma or paraganglioma.
Paraganglion cells are located in the atrium, and these tumors affecting
these cells have been described previously in dogs.***®> When func-
tional, these tumors are called nonadrenal pheochromocytomas or
chromaffin (positive) paragangliomas (in the region of the atria). When
the tumors are nonfunctional, chromaffin-negative, and located in the
region of the aortic body, they are referred to as chemodectomas.*
Although the histopathology and special staining of the cardiac tumor
in dog 1 was inconclusive, the tachyarrhythmias and hypertension
experienced during manipulation of the tumor while deploying the stent
were suggestive of a functional paraganglioma. Dog 1 also had a con-
current cranial mediastinal ectopic thyroid carcinoma. It was unclear if
this was a second primary tumor or related to the heart-based mass.
Because of the often slow-growing nature of neuroendocrine tumors,
these patients can have prolonged survival with palliative treatments

such as venous stenting. Understanding the potentially functional
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nature of these tumors should alert the clinician to provide preoperative
alpha blockade in these patients, which has been shown to decrease
morbidity and mortality rates in both humans and animals with similar
tumors. 1617

Palliative stenting of malignant vascular obstructions of the CdVC
was first described in humans in 1992.® Since that time, numerous
reports of endovascular stenting for both benign and malignant vascular
obstructions in humans followed.'??° Concerns about the cardiac loca-
tion and proximity of these obstructions to the tricuspid valve have
raised concerns about potential stent migration or malpositioning, as
well as development of intractable arrhythmias. Other potential con-
cerns include impaired cardiac venous return through the stent inter-
stices, cardiac perforation,?! aorta-right atrium fistula formation,?? or
hemolysis.Z® Successful transatrial stent placement in 2 humans with
extension of cardiac tumor thrombus from hepatocellular carcinoma
was reported in 2003.24 Both human patients presented with Budd-
Chiari Syndrome characterized by ascites and extensive lower extremity
edema; both received transatrial stents among other treatments, and
clinical signs improved until death 1 and 3 months later. It was con-
cluded that transatrial stent placement was well tolerated and success-
ful at improving the clinical signs associated with venous obstruction
during the short-term follow-up in these 2 patients. The success
reported in human patients led us to offer this procedure to the owner
of dog 1 when more traditional treatment options were declined
because of associated risk and invasiveness. Successful endovascular
stenting for Budd-Chiari syndrome in 3 dogs has also been reported,
which further supported stenting as a potentially viable palliation in
these patients.t

In general, endovascular stents should be oversized by approxi-
mately 0% to 20% of the maximal diameter of the native human ves-
sels being stented so as to provide sufficient apposition and minimize
migration.2%2>2% Transatrial stents are less likely to migrate because
of positioning across the atrium with blood flow in 2 opposing direc-
tions. There is no place for the stent to migrate as long as it remains
above the tricuspid valve and does not fall into the ventricle. One
stent in dog 2 did migrate into the right atrial appendage, likely
because of insufficient contact with the CrVC. We avoided this issue
in subsequent cases by interlocking 2 or 3 stents in series from CdVC
to CrVC, if necessary.2”?® This experience reinforces the idea that
sufficient stent length within both the CrVC and CdVC is necessary to
provide stability. Substantial contact with the CrVC and CdVC should
be the goal to prevent migration into the atrium because stent expan-
sion often is difficult to anticipate during stent deployment. We rec-
ommend as much stent-to-vessel wall contact as possible without
extending into either brachiocephalic vein. Extension of the stent
across hepatic veins does not seem to cause any morbidity. Recent
reports of endovascular stents in this location suggest they are well
tolerated in dogs over the long term.*??

The large SEMS chosen in these dogs had relatively wide interstices
to permit sufficient blood flow and not impair venous return. Although
cardiac output was not challenged in any of these patients, resolution of
the ascites and edema and return to normal prestenting functional activ-

ity suggests that reasonable venous return and cardiac output were

maintained in 2 patients and improved in the other dog that still required
periodic abdominocentesis. These concerns were further challenged
when 2 of the dogs required additional stents to be placed within the
first transatrial stent. Clinical signs improved in both patients after place-
ment of the second stents, suggesting sufficient blood flow still was
maintained. In the transatrial stent placement cited previously in a
human, overlapping stents were used initially, further supporting that
2 layers of stents permit adequate cardiac venous return.?* Pressure gra-
dients decreased after placement of additional stents, suggesting suffi-
cient flow through stents as well. Neointimal formation across the stent
interstices was apparent on necropsy, but was observed to be minimal
and primarily associated with contact points. Potential restenting should
be discussed with clients before the initial procedure.

Thrombosis or tumor embolism was not a substantial problem in
any of these cases. Perioperative and postoperative anticoagulation
were not used in these dogs although it is routinely recommended in
humans undergoing endovascular stenting, particularly for venous
obstructions complicated by associated thrombosis.*° Because endo-
vascular stent placement has not been associated subsequent throm-
bosis in our experience, anticoagulation was not carried out.

We evaluated 3 cases of venous obstruction in dogs associated with
large cardiac masses. In all cases, stent placement was successful and
resolution of ascites or head swelling and pleural effusion was achieved.
Two dogs required additional stent placement for partial stent occlusion.
In both cases, restenting resulted in ascites resolution or substantial
reduction, suggesting overlapping of open stents did not prevent blood
flow through the interstices. Transatrial stents may be a safer alternative
to leaving stent free ends within the atrium and may prevent stent
migration into the ventricle. Transatrial stenting may be considered for
similar patients when traditional treatment options are declined or are
deemed to be associated with excessive morbidity or mortality, but care-
ful monitoring is necessary to evaluate for stent occlusion. Relatively

long-term palliation (>3 months) was possible using this technique.
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