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 The purpose of this presentation is to introduce the treatment of tracheal collapse and 
intrahepatic portosystemic shunts through the use of Interventional Radiology (IR) methods. 
 Tracheal collapse (TC) is an irreversible disease of the lower airway. Collapse can occur 
throughout the entire trachea and can include the mainstream bronchi.  It normally affects toy 
and small breed dogs such as Yorkshire Terriers, Pomeranians, toy/miniature Poodles and 
Maltese. TC rarely affects felines and there is no reported sex predilection.  Early signs of 
tracheal collapse are characterized by laxity of the trachealis muscle, which progresses to 
weakness of the cartilaginous rings.  It ultimately will progress to obliteration of the tracheal 
lumen, usually in a dorsoventral manner.  Clinical presentation of tracheal collapse consists of: 
varying degrees of coughing (often described as a “goose honk”), gaging, waxing and waning 
dyspnea, exercise intolerance and cyanosis.   
 Diagnosis can be made with one or a combination of survey radiographs, ultrasound, 
fluoroscopy and/or tracheobronchoscopy.  A I – IV grading system is used when diagnosing 
tracheal collapse when using tracheobronchoscopy.  Grade I is laxity of the dorsal tracheal 
membrane with 25% luminal collapse.  Grade II is loss of cartilage rigidity with 50% luminal 
collapse.  Grade III is flattening of the tracheal cartilages in 75% luminal collapse.  Grade IV is 
100% loss of luminal integrity. 

Medical therapy for TC includes a combination of sedatives, antitussives and 
bronchodilators.  Other medical therapies include weight loss, exercise restriction, low stress 
environment/situations and harness walking.  It is recommended to exhaust medical management 
prior to implementing palliative interventional radiologic treatments. 
  The Vet Stent- Trachea® is a self-expanding stent made of Nitinol, a unique metal alloy 
comprised of nickel and titanium.  The tracheal stents come in various predetermined sizes and 
are loaded on a delivery system that can easily be repositioned during placement.  The tracheal 
stent has a radiopaque mark on each end to help with visualization and deployment.  Using 
fluoroscopic guidance, the entire trachea is visualized and the site of tracheal collapse is located.  
A radiopaque marker catheter is positioned under the patient (or within the esophagus) along the 
dorsal aspect of the trachea.  The length of the trachea is measured from the cricoid cartilage to 
the carina as well as the maximal tracheal diameter.  Because tracheal collapse is a dynamic 
process, standard lateral thoracic radiographs may not adequately represent maximal tracheal 
diameter to assure proper size of a stent.  When a dog with tracheal collapse coughs, the trachea 
dilates, which would permit stent migration when the stent is not of the proper size.  To prevent 
tracheal stent migration, it is recommended to measure the trachea while the patient is under 
anesthesia and the air way is fully dilated using positive pressure ventilation at 20cmH20.  Once 
the appropriate size stent has been selected, the atraumatic delivery stent end is placed through 
the endotracheal tube.  Using fluoroscopy guidance, the stent is then visualized in the affected 
collapsed area and is then deployed caudal to cranial.  It is now standard practice to stent the 
entire length of the trachea since over time collapse can occur cranial or caudal to the stent.  
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       Figure 1:  Immediate post‐operative radiograph of a 8 year old Maltese after tracheal stent placement. 

  When used appropriately, tracheal stents reduce the risk of interrupting the tracheal 
blood supply or injuring the recurrent laryngeal nerve, common sequelae to surgical treatment of 
TC.  Other advantages of tracheal stenting include: a non-invasive relatively simple procedure, 
short procedure time (about 10-20 minutes total), have elasticity, flexibility, radial force to 
maintain airway and are biocompatible to the patient.  The stents preserve respiratory epithelium 
and provide instantaneous improvement after anesthetic recovery.  Tracheal stenting 
disadvantages include tracheitis, pneumonia, and may require multiple procedures over time.  
Despite its efficacy, tracheal stenting is still considered a palliative procedure.  A study of 12 
dogs that had a Nitinol tracheal stent placed showed the average survival time ranged from 1 to 
48 months.  Over all, the advantages of interventional radiology tracheal stenting far outweigh 
the disadvantages. 

 Intrahepatic portosystemic shunts (IHPSS) are vascular anomalies that directly connects 
the portal circulation with the systemic circulation.  This causes portal blood to be diverted away 
from the liver, which in turn causes hepatic function to decline.  Intrahepatic portosystemic 
shunts are almost always congenital as opposed to extrahepatic shunts which are congenital or 
acquired.    Congenital shunts are embryonic vessels that failed to regress postnatal.  Because of 
this failure, congenital shunts are considered detrimental to our patients, and without intervention 
they tend to have a grave long-term prognosis.  IHPSS are more common in large breed dogs and 
are more difficult to treat than extrahepatic shunts.  Most common large breed dogs include: 
Golden and Labrador Retrievers, Irish Wolfhounds, Old English Sheep Dogs, Samoyed, and 
Australian and German Shepherds.    
 Congenital shunts typically produce clinical signs by 6 months of age and most dogs are 
diagnosed by 2 years of age.  Common clinical signs include: neurologic (seizures), 
gastrointestinal (bleeding ulcers), urinary abnormalities (urolithiasis), weakness, stunted growth 
and prolonged recovery time from anesthesia.  Physical exam findings maybe unremarkable or 
could consists of palpably enlarged kidneys, inability to feel the liver (i.e. microhepatica), small 
body stature and a poor haircoat. 

At the time of diagnosis, patients should be treated with medical management prior to 
any surgical procedure.  The goal of preoperative stabilization and medical management is to 
decrease production and absorption of ammonia, control clinical signs of hepatic encephalopathy 
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and prevent any incidents of central nervous system disturbances.  Types of medical 
management include: low protein dietary modifications, antibiotic therapy, prophylactic 
anticonvulsants and cathartics, such as lactulose.   

Intrahepatic portosystemic shunts are classified based on the branch of the portal vein 
supplying the shunt and are categorized into left divisional, central divisional and right 
divisional. The therapeutic goal of surgery or coil embolization is to completely or partially 
attenuate the intrahepatic shunt.  This results in halting or limiting the bypass of blood around the 
liver and reversal of some or all of the signs of hepatic encephalopathy and other clinical signs. 
Intrahepatic shunts are much more difficult to ligate surgically, and have a much higher 
perioperative mortality rate than extrahepatic shunts. 

  Performing interventional radiologic endovascular stenting and coil embolization 
significantly decreases perioperative morbidity and mortality rates vs. open surgical procedures.  

The procedure is performed through a percutaneous transjugular catheter and introducer, 
under the guidance of fluoroscopy.  Once the intrahepatic shunt is identified via angiography, 
vena cava and portal pressures are obtained.  A caudal Vet Stent-Cava™ is then deployed across 
the shunt orifice to prevent coil migration.   Multiple thrombogenic coils are deployed directly 
into the shunt causing partial shunt attenuation.       

                                                
Figure 2:    Immediate post‐operative radiograph of a 3 month old German Shepherd after stent assisted coil embolization. 
Arrow depicts stent in the vena cava with coils abutting the stent at the level of the shunt orifice. 

It is important to monitor portal blood pressures after each coil deployment to not cause 
portal hypertension.  The total portal pressure, during the procedure, should not exceed 13cmH20 
or should not cause a 7cmH20 pressure difference from the initial portal pressure reading.  If this 
occurs, then the risk of portal hypertension greatly increases. The transjugular catheter and 
introducer are removed, and the jugular vessel is held off for about 10 minutes followed by a 
neck bandage.   
 Approximately 17% of dogs with intrahepatic portosystemic shunts have a history of 
gastrointestinal bleeding before surgery and a 13% risk of gastrointestinal bleeding after 
percutaneous transjugular coil embolization.  Keeping patients on lifelong antacids has been 
shown to decrease gastrointestinal ulcers by 12.5% with fewer than 4% of deaths secondary to 
gastrointestinal ulcerations.  A retrospective study of 100 dogs that received transjugular coil 
embolization for an intrahepatic portosystemic shunt, showed a median survival time of 2204 
days (range 0-3411) with a 63% survival rate of 3+ years.  Outcome is considered good to 
excellent in 74% of dogs treated using interventional radiology intrahepatic shunt stenting and 
coil embolization; with a significant decrease in mortality rate.  Because IHPSSs are often larger 
vessels shunting a substantial amount of portal blood around the liver, these patients are unlikely 
to live a normal lifespan without surgical or interventional radiology intervention.     
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