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Historical PerspectiveHistorical Perspective

�� 1844 Claude Bernard1844 Claude Bernard--

Catheterized Equine HeartCatheterized Equine Heart

–– Era of Cardiac Physiology Developed Era of Cardiac Physiology Developed 

�� Pressure ManometryPressure Manometry

�� Fick Cardiac Output MethodFick Cardiac Output Method

�� 1929 Werner 1929 Werner ForssmanForssman--

Catheterized First Human HeartCatheterized First Human Heart

–– HIMSELFHIMSELF



Historical PerspectiveHistorical Perspective

Baim DS & Grossman W. Cardiac Catheterization, 

Angiography, & Intervention. 5th ed. 1996



Historical PerspectiveHistorical Perspective

�� ForssmanForssman’’ss GoalGoal

�� 19301930--Klein 1Klein 1stst Use of Use of FickFick’’ss Principle ClinicallyPrinciple Clinically

�� 19471947-- Capillary Wedge Pressure MeasurementsCapillary Wedge Pressure Measurements

�� 19501950-- Left Heart Retrograde CatheterizationLeft Heart Retrograde Catheterization

�� 19531953-- Seldinger Technique DescribedSeldinger Technique Described

�� 1967 1967 PorstmanPorstman 11stst PDA Occlusion AttemptPDA Occlusion Attempt

�� 19701970-- SwanSwan--Ganz Balloon Catheter Ganz Balloon Catheter 

�� 19771977-- First Angioplasty PerformedFirst Angioplasty Performed



IndicationsIndications

�� Decision to proceedDecision to proceed

–– Benefits should outweigh riskBenefits should outweigh risk

–– Success meets or exceeds other proceduresSuccess meets or exceeds other procedures

–– Cost effectiveCost effective

�� Diagnostic CatheterizationDiagnostic Catheterization

–– Superseded by echocardiographySuperseded by echocardiography

�� PrePre--surgical Screeningsurgical Screening

�� Therapeutic InterventionTherapeutic Intervention

�� Clinical ResearchClinical Research



Importance TO YOUImportance TO YOU

�� IndicationsIndications

�� AvailabilityAvailability

�� UsefulnessUsefulness

�� Limitations Limitations 

�� Inform owners of all available optionsInform owners of all available options



Pacemaker TherapyPacemaker Therapy

�� 1968 1968 ––James BuchananJames Buchanan--11stst reported reported 
clinical use in dogs.clinical use in dogs.
–– Surgical placement of epicardial leadSurgical placement of epicardial lead

�� 19851985-- Surgical implanted pacemaker in Surgical implanted pacemaker in 
cats reportedcats reported

�� Late 1980Late 1980’’s s ––Transvenous placement of Transvenous placement of 
endocardial leads reported endocardial leads reported 
–– DarkeDarke and also by Sisson and also by Sisson 



Pacemaker IndicationsPacemaker Indications

3rd Degree AV Block

Sick Sinus Syndrome

2nd Degree AV Block



Pacemaker IndicationsPacemaker Indications

3rd Degree AV Block

(29 cases)

Sick Sinus Syndrome

(42 cases)

2nd Degree AV Block

(8 cases)



Pacemaker IndicationsPacemaker Indications

�� Other BradyarrhythmiasOther Bradyarrhythmias

–– Sinus arrestSinus arrest

–– Persistent atrial standstillPersistent atrial standstill

�� Animals with documented ECG Animals with documented ECG 
abnormalities & associated abnormalities & associated 
clinical signsclinical signs



Pacemaker EquipmentPacemaker Equipment



Pacemaker PlacementPacemaker Placement

Kittleson et al Small Animal Cardiovascular 

Medicine. 1st ed 1998



Pacemaker PlacementPacemaker Placement

Kittleson et al Small Animal Cardiovascular 

Medicine. 1st ed 1998



Single Chamber System-VVI

Dual Chamber System-DDD



Pacemaker ProcedurePacemaker Procedure

�� 1.5 to 2 hour procedure length1.5 to 2 hour procedure length

�� Patients monitored overnightPatients monitored overnight

�� Discharged following dayDischarged following day

�� Prophylactic antibiotics 7Prophylactic antibiotics 7--10 days10 days

�� Patient Strictly Confined Patient Strictly Confined 

–– 1 month1 month

�� Recheck in one monthRecheck in one month



Pacemaker ComplicationsPacemaker Complications

�� Complications Complications 

–– SeromasSeromas (4)(4)

–– Lead Dislodgement (3)Lead Dislodgement (3)

–– Infection (1)Infection (1)

–– Arrhythmias (4)Arrhythmias (4)



Balloon ValvuloplastyBalloon Valvuloplasty

�� Dilation of stenotic valves or vessels Dilation of stenotic valves or vessels 
using balloon tipped catheterusing balloon tipped catheter

�� Treatment of choice to Treatment of choice to attemptattempt to to 
relieve cardiovascular obstructions relieve cardiovascular obstructions 
associated with:associated with:
–– Pulmonic StenosisPulmonic Stenosis

–– Subvalvular aortic stenosisSubvalvular aortic stenosis

–– Tricuspid valve stenosisTricuspid valve stenosis

–– Cor Triatriatum DexterCor Triatriatum Dexter



ΒΒ--blockersblockers

SurgerySurgery

Balloon dilationBalloon dilation

ΒΒ--blockersblockers

SurgerySurgery

Balloon ValvuloplastyBalloon Valvuloplasty

TreatmentTreatment

Pressure overload to left Pressure overload to left 

ventricleventricle

Arrhythmias and syncopeArrhythmias and syncope

Pressure overload to right Pressure overload to right 

ventricleventricle

Arrhythmias and syncopeArrhythmias and syncope

PathologyPathology

Systolic murmur @ left Systolic murmur @ left 

heart baseheart base

Weak femoral pulsesWeak femoral pulses

Loud coarse systolic murmur Loud coarse systolic murmur 

left heart baseleft heart base
Physical Physical 

ExamExam

Boxers, Golden Retriever, Boxers, Golden Retriever, 

German Shepherd, German Shepherd, 

Rottweiller, NewfoundlandRottweiller, Newfoundland

English Bulldog, Beagle, English Bulldog, Beagle, 

Keeshond, Mastiff, Miniature Keeshond, Mastiff, Miniature 

Schnauzer, PugSchnauzer, Pug

SignalmentSignalment

Narrowing of LV outflowNarrowing of LV outflow

--Fibrous or fibromuscularFibrous or fibromuscular

Pulmonic valve malformationPulmonic valve malformation

--Valve, above or belowValve, above or below
DefinitionDefinition

Subaortic StenosisSubaortic StenosisPulmonic StenosisPulmonic StenosisDiseaseDisease
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Subaortic StenosisSubaortic Stenosis
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The Procedures



Pulmonic StenosisPulmonic Stenosis







Pulmonic StenosisPulmonic Stenosis

�� Post operatively patients monitored overnightPost operatively patients monitored overnight

�� Antibiotics 7Antibiotics 7--10 days10 days

�� Therapy with Therapy with ßß--blockersblockers

�� Echocardiogram performed next day Echocardiogram performed next day 

�� Cost $1500Cost $1500--$1700 total bill w/o complications$1700 total bill w/o complications





ResultsResults

�� Become TOC for this disease because of successBecome TOC for this disease because of success

�� 50% decrease in gradient across valve in 70% 50% decrease in gradient across valve in 70% --
85% of dogs85% of dogs

�� Purdue University Team CardiologyPurdue University Team Cardiology

3 deaths3 deaths78 78 mmHgmmHg73 73 mmHgmmHg192192mmHgmmHg6262

ComplicationsComplicationsGradient Gradient 

1 month 1 month 

Post op Post op 

avg. avg. 

n=27n=27

GradientGradient

Post op Post op 

avg. avg. 

n=29n=29

GradientGradient

Pre op Pre op 

avg.avg.

# Cases# Cases

BalloonedBallooned



Subaortic StenosisSubaortic Stenosis

�� Balloon DilationBalloon Dilation

–– Vascular cutVascular cut--down to external carotiddown to external carotid

–– Fluoroscopically guide catheters into LVFluoroscopically guide catheters into LV

–– Measure pressure gradientMeasure pressure gradient



Left Ventricle AngiogramLeft Ventricle Angiogram



SAS BallooningSAS Ballooning





Subaortic StenosisSubaortic Stenosis

�� ResultsResults
–– Initial decrease in gradient 30Initial decrease in gradient 30--60%, over 6 60%, over 6 
month period gradient may returnmonth period gradient may return

–– Purdue Team CardiologyPurdue Team Cardiology
�� 5 Cases, 3 Gradients :237mmHg to 92mmHg @ 1 month.5 Cases, 3 Gradients :237mmHg to 92mmHg @ 1 month.

–– 2 Died during procedure2 Died during procedure



Transcatheter Shunt Transcatheter Shunt 

OcclusionOcclusion

�� Human MedicineHuman Medicine

–– Patent ductus arteriosus Patent ductus arteriosus 

–– Ventricular septal defectsVentricular septal defects

–– Atrial septal defectsAtrial septal defects

–– AV FistulasAV Fistulas

�� Veterinary MedicineVeterinary Medicine

–– Patent Ductus Arteriosus Patent Ductus Arteriosus 

–– AV FistulasAV Fistulas

–– Atrial Septal DefectsAtrial Septal Defects

–– PortosystemicPortosystemic ShuntsShunts



Patent Ductus ArteriosusPatent Ductus Arteriosus

�� Most commonly diagnosed congenital Most commonly diagnosed congenital 

disease in dogsdisease in dogs

�� Failure of the left sixth aortic arch to Failure of the left sixth aortic arch to 

closeclose

–– Shunts blood from aorta to pulmonary arteryShunts blood from aorta to pulmonary artery

–– Left sided volume overload and heart failureLeft sided volume overload and heart failure

�� Poodles, German Shepherds, Collies, Poodles, German Shepherds, Collies, 

Pomeranians, Shetland Sheep dogs Pomeranians, Shetland Sheep dogs 

Maltese and Yorkshire terriersMaltese and Yorkshire terriers



Patent Ductus ArteriosusPatent Ductus Arteriosus

�� Physical ExaminationPhysical Examination
–– Loud continuous murmur at the left Loud continuous murmur at the left 
heart base  heart base  

–– Hyperkinetic Hyperkinetic ‘‘BoundingBounding’’ femoral femoral 
pulsespulses

–– Animals may be stuntedAnimals may be stunted

–– May have signs of CHFMay have signs of CHF



Patent Ductus ArteriosusPatent Ductus Arteriosus

PDA

MPA

RPA



Patent Ductus ArteriosusPatent Ductus Arteriosus

�� Ductus must be closedDuctus must be closed
–– Excellent prognosis with closureExcellent prognosis with closure

–– 50% 50% -- 70% die within 170% die within 1stst year withoutyear without

–– Actually 1Actually 1stst congenital defect to be closed congenital defect to be closed 
surgery and by occlusionsurgery and by occlusion

�� SurgerySurgery
–– Ligation Ligation -- Excellent resultsExcellent results

–– Requires thoracotomyRequires thoracotomy
�� Increased cost and hospitalizationIncreased cost and hospitalization



PDA Transcatheter CloserPDA Transcatheter Closer

�� Three main devicesThree main devices

–– Gianturco Embolization CoilsGianturco Embolization Coils

–– Amplatz Vascular PlugAmplatz Vascular Plug

–– Amplatz Canine PDA DeviceAmplatz Canine PDA Device



Gianturco Embolization CoilsGianturco Embolization Coils

�� Double helix stainlessDouble helix stainless--
steel spring coils with steel spring coils with 
Dacron strands attachedDacron strands attached

�� 11stst Reported in 1995 Reported in 1995 
(Miller et al)(Miller et al)

�� DimensionsDimensions
–– Wire diameter 0.018Wire diameter 0.018”” to to 
0.0520.052””

–– Outer (helical) diameter Outer (helical) diameter 
3 3 -- 25 mm25 mm

–– Coil LengthCoil Length-- 33--25 cm25 cm



Amplatz Vascular PlugAmplatz Vascular Plug

�� SelfSelf--expandable cylindrical expandable cylindrical 
device device 
–– Nitinol meshNitinol mesh

–– Threaded delivery cableThreaded delivery cable

–– RepositionableRepositionable

�� Size range 4 Size range 4 –– 16 mm16 mm
–– 5 Fr 5 Fr –– smallest systemsmallest system

�� DeliveryDelivery
–– Transarterial or Transarterial or 
TransvenousTransvenous

AGA Medical 2007



Amplatz Canine PDA Amplatz Canine PDA 

DeviceDevice

�� SelfSelf--expanding expanding 
–– Nitinol meshNitinol mesh

–– Distal flat diskDistal flat disk

–– Larger proximal cupLarger proximal cup

–– Threaded cableThreaded cable

–– RepositionableRepositionable

�� 33-- 14 mm size14 mm size
–– 5 Fr 5 Fr –– smallest systemsmallest system

�� DeliveryDelivery
–– Transarterial  Transarterial  Infinintimedical.com 2007



Patent Ductus ArteriosusPatent Ductus Arteriosus

�� Delivered transarterial Delivered transarterial 
or transvenous routesor transvenous routes
–– IntroducerIntroducer

�� Delivery SystemDelivery System
–– Modified Bioptome Modified Bioptome 

TechniqueTechnique

�� 44--Fr pigtailFr pigtail

�� 44--Fr CHB long sheathFr CHB long sheath

�� 33--Fr bioptomeFr bioptome



AortogramAortogram



PDA Ductal TypesPDA Ductal Types

Miller et al. 1994 ACVIM Proceedings







Coil Coil 

DeploymentDeployment



Coil ReleaseCoil Release



Post Coil Post Coil 

AngiogramAngiogram



PDA Post OperativePDA Post Operative

�� Monitored overnightMonitored overnight

�� EchocardiogramEchocardiogram

�� Antibiotics 1 weekAntibiotics 1 week

�� Recheck in 1 monthRecheck in 1 month



3 hematoma3 hematoma

1 PF1 PF

11--Sx, 1 PFSx, 1 PF

1 Death1 Death

33--Emb. (1)Emb. (1)

33--Sx, 4Sx, 4--PF PF 

22--Deaths,Deaths,

22-- Emb.(1)Emb.(1)

Comp.Comp.

5 (3)5 (3)20/2120/2143/4743/47CoiledCoiled

141422224747# Cases# Cases



ResultsResults

�� Fourteen Could Not Be CoiledFourteen Could Not Be Coiled
�� Nine with Type III DuctusNine with Type III Ductus

�� Four Too SmallFour Too Small

�� Persistent ductal flowPersistent ductal flow

�� Complications ~7Complications ~7--11%11%
–– Coil Embolism During Procedure Coil Embolism During Procedure 

–– Hematoma Hematoma 

–– Duct PerforationDuct Perforation

–– DeathDeath

�� Cost ~$1000Cost ~$1000--13001300



~ $550~ $550~$400~$400~$50 ~$50 -- $350$350Device CostDevice Cost

Patient sizePatient size

Morphology?Morphology?

Morphology?Morphology?Patient sizePatient size

Ductal morph & Ductal morph & 

size size 

LimitationsLimitations

�� Not Not 

attemptedattempted
�� 1 of 2 1 of 2 

attemptsattempts

�� 1 1 embolizedembolized

��3 of 53 of 5

��2 closed 2 closed 

��Multiple coilsMultiple coils

Type IIIType III

None None 2 2 –– PFPF

1 spinner1 spinner

44--Sx, 6Sx, 6--PF PF 

33--Deaths,Deaths,

55-- EmbEmb..

ComplicationsComplications

5/55/520/2220/2266/7366/73OutcomeOutcome

5522227373 (2003)(2003)# # CasesCases



LimitationsLimitations

�� Large  ductusLarge  ductus

�� Non restrictive ductal morphologyNon restrictive ductal morphology

�� Patient size*Patient size*



Other Catheter Based Other Catheter Based 

ProceduresProcedures

�� TemporaryTemporary cardiac pacing via the esophaguscardiac pacing via the esophagus

�� Balloon pericardectomy (7)Balloon pericardectomy (7)

�� Porto Porto systemicsystemic shunt closure (3)shunt closure (3)

�� Other uses for Occlusion DevicesOther uses for Occlusion Devices
–– Idiopathic hematuria Idiopathic hematuria (2 of 3)(2 of 3)

–– Guttural pouch bleeding (1)Guttural pouch bleeding (1)

–– AV Fistulas (2)AV Fistulas (2)



ConclusionConclusion

�� Interventional cardiac catheterization Interventional cardiac catheterization 
is less invasive and expensive than is less invasive and expensive than 
other therapeutic techniquesother therapeutic techniques

�� Interventional cardiac catheterization Interventional cardiac catheterization 
continues to evolve as a part of this continues to evolve as a part of this 
specialty in human and veterinary specialty in human and veterinary 
medicine alikemedicine alike



ConclusionConclusion

�� Cardiovascular catheterization remains Cardiovascular catheterization remains 

an integral part of cardiology despite an integral part of cardiology despite 

its decline as a diagnostic toolits decline as a diagnostic tool

�� It is important for you to know what It is important for you to know what 

new techniques are being used to new techniques are being used to 

treat advanced diseasestreat advanced diseases



Thank YouThank YouQUESTIONS





On the HorizonOn the Horizon

�� Amplatzer Duct Amplatzer Duct 
OccluderOccluder
–– SelfSelf--expandable  expandable  
mushroom mushroom 
shaped occluding shaped occluding 
devicedevice

–– Successful use in Successful use in 
moderate to large moderate to large 
PDAPDA’’ss

–– Modified for Modified for 
veterinary useveterinary use



PLUG PLUG 

DeviceDevice



TransTrans--esophageal Pacingesophageal Pacing

�� GastroGastro--esophageal Temporary Cardiac esophageal Temporary Cardiac 
PacingPacing

�� Electrophysiologic catheter inserted  Electrophysiologic catheter inserted  
via nasoesophageal routevia nasoesophageal route

�� Good preliminary effortGood preliminary effort

–– Captured atriaCaptured atria

�� Study to assess safety and       Study to assess safety and       
efficacyefficacy



TransTrans--esophageal Pacingesophageal Pacing

Pacing stimuli

P wave

QRS



Single EHPC 43/91 Single IHPC 15/91

Porto-Azygous 10/91 Multiple Acquired 7/91












