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This handout is a practical companion to the lecture, integrating pathophysiology, staging, diagnostic reasoning, medical
management, comparative human structural-heart concepts, and contemporary veterinary interventional cardiology. The central
theme is to translate mechanism into treatment decisions and to recognize when medical, surgical, or catheter-based therapy best
addresses the dominant problem.

Learning Objectives

o Differentiate primary from secondary/functional mitral and tricuspid regurgitation and relate mechanism to treatment.

e Apply ACVIM staging and EPIC trial criteria appropriately in dogs with myxomatous mitral valve disease (MMVD).

e Distinguish cardiomegaly and respiratory signs from true congestive heart failure (CHF).

e Use stage- and mechanism-directed medical therapy for left- and right-sided heart disease.

e  Compare veterinary management with contemporary human approaches to primary and functional MR/TR.

e Recognize established and emerging veterinary interventional cardiac procedures, including mitral interventions, left atrial
decompression, balloon pericardiotomy, transcaval stenting, and investigational transcatheter valve technologies.

1. Start With Mechanism: Primary vs Functional MR/TR

Atrioventricular valve regurgitation is a hemodynamic endpoint, not a single disease. The first diagnostic question should be why the
valve is leaking. Primary regurgitation originates in the valve apparatus itself; secondary or functional regurgitation occurs when
chamber geometry prevents otherwise relatively normal leaflets from coapting.

Mechanism Typical pathology Clinical implication

Primary MR/TR Leaflet degeneration/prolapse, dysplasia, Medical therapy treats consequences but does
endocarditis, chordal/papillary pathology; device not correct the structural lesion. Definitive therapy
interference may cause TR. requires a structural solution.

Secondary/functional Ventricular or atrial remodeling, annular dilation, Treat the myocardial/hemodynamic driver first;
papillary displacement, leaflet tethering. reverse remodeling may reduce regurgitation.

Mixed Intrinsic valve disease plus progressive chamber Common in advanced disease; both valve
remodeling. pathology and remodeling matter.

Tricuspid regurgitation: mechanism-based classification

e Primary TR may reflect congenital dysplasia, endocarditis, myxomatous degeneration, chordal/papillary abnormalities, or
iatrogenic/device-related interference (e.g. pacemaker lead wire).
e Secondary TR is commonly driven by RV enlargement and tricuspid annular dilation. Papillary displacement and leaflet tethering
reduce systolic coaptation.
e Atrial functional TR can result from marked RA dilation and annular enlargement without major intrinsic leaflet pathology.
e Chronic MR may cause post-capillary pulmonary hypertension (PH), increased RV afterload, RV remodeling, and progressive
secondary TR.
CLINICAL PEARL: Do not treat the echocardiographic label “MR” or “TR” in isolation. Identify the mechanism, chamber
response, and clinical syndrome.

2. MMVD: Progression, Staging, and Timing

Myxomatous degeneration alters leaflet and chordal structure, producing prolapse and MR. Chronic regurgitant volume loading
enlarges the left atrium and left ventricle. Compensation may preserve forward output for years, but progressive remodeling can
eventually raise filling pressures and lead to CHF.

| ACVIM stage | Definition | Practical focus
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A At risk; no current structural disease. Screen/monitor according to breed, age and
clinical context.
B1 Valve disease/murmur without sufficient Monitoring; no cardiac treatment needed.
remodeling for B2.
B2 Preclinical MMVD with clinically meaningful Pimobendan when accepted criteria are met (i.e.
cardiac enlargement. EPIC criteria); monitor progression.
C Current or previous CHF attributable to MMVD. Chronic CHF regimen plus acute decongestion
when needed.
D Refractory/end-stage CHF despite standard Individualized multidrug therapy and
therapy. consideration of advanced/interventional options.

EPIC criteria: a defined Stage B2 phenotype

The EPIC trial enrollment definition included murmur 23/6, LA:Ao 21.6, LVIDDN 21.7, VHS =10.5, and no clinical signs of CHF. These
criteria define the population in which the pivotal pimobendan evidence was generated and should not be treated as synonymous with
every possible clinical definition of Stage B2.
CLINICAL PEARL: Cardiomegaly is not CHF. Stage the dog based on structural disease and history, then independently
determine whether pulmonary congestion or edema is actually present.

3. Diagnostic Approach: Is the Patient in Heart Failure?

History and examination

e Left-sided concern: tachypnea, increased respiratory effort, restlessness, exercise intolerance, cough, weakness/collapse,
reduced appetite and weight loss.

¢ Right-sided concern: abdominal distention, weakness, syncope, cachexia, jugular venous distention/pulsation, hepatomegaly and
ascites.

e Physical findings may include murmur, tachycardia, tachypnea, abnormal lung sounds, arrhythmia, poor perfusion, muscle
wasting and venous congestion.

Core diagnostics

e Thoracic radiographs: assess pulmonary venous congestion, pulmonary edema, heart size, airway compression, pulmonary
disease, pleural effusion and competing respiratory diagnoses. Minimum of lateral and v/d views should be obtained; three views
is ideal.

e Echocardiography: define valve mechanism/severity, chamber remodeling, systolic function, estimated pulmonary pressures,
right-heart consequences and potential interventional anatomy for pre-procedural planning measurements.

e ECG/rhythm monitoring: use when arrhythmia, syncope/collapse, marked tachycardia/bradycardia or conduction disease is
suspected.

e  CBC/chemistry/urinalysis: establish baseline organ function and monitor therapy; add abdominal imaging when systemic venous
congestion and ascites is suspected.

CLINICAL PEARL: If pulmonary edema or pulmonary congestion is absent, do not automatically attribute cough or tachypnea to
left-sided CHF—regardless of heart size. Airway and pulmonary disease frequently coexist with MMVD.

4. Medical Therapy: Treat Stage, Hemodynamics, and
Comorbidities

A useful way to avoid reflex polypharmacy is to define what each drug is intended to accomplish: delay decompensation, relieve
congestion, modify neurohormonal activation, improve forward flow, control blood pressure, treat arrhythmia, reduce pulmonary
vascular load, or palliate symptoms.

Clinical target Common strategies discussed Monitoring/considerations
Stage B2 MMVD Pimobendan Confirm appropriate enlargement/staging; monitor
progression.
Pulmonary edema/volume overload Furosemide; torsemide in selected patients; Renal values, electrolytes, hydration, respiratory
hydrochlorothiazide for sequential nephron rate, weight, BP.
blockade in refractory cases
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RAAS activation

ACE inhibitors such as enalapril/benazepril;
spironolactone

Renal function, potassium and BP.

Low output/advanced CHF

Pimobendan; IV inotropes such as
dobutamine/dopamine in selected unstable
patients

Perfusion, rhythm, BP, renal function.

amiodarone, digoxin or combinations depending
on rhythm

Afterload/hypertension Amlodipine, hydralazine or other selected Define indication and avoid excessive
vasodilator strategies hypotension.
Arrhythmia Diltiazem, beta-blockers, sotalol, mexiletine, ECG/rate goals, ventricular function, organ

function, interactions.

Pulmonary hypertension

Sildenafil when appropriate plus treatment of
underlying cause

Differentiate drivers; monitor BP and response.

Right-sided disease with TR

e PH — treat the underlying cause and consider pulmonary vasodilator therapy when appropriate.

e RV dysfunction/failure — optimize loading conditions and consider pimobendan in selected patients.

e Systemic venous congestion — diuretics; therapeutic drainage for clinically important ascites/effusions.
e RAAS activation — ACE inhibitor and/or spironolactone when appropriate.
e End-stage structural/right-sided disease — selected palliative or investigational structural approaches may become relevant.

5. Left—-Right Heart Interplay

Chronic severe MR can elevate LA pressure and produce post-capillary PH. Increasing pulmonary vascular and RV load may then
cause RV dilation/dysfunction, tricuspid annular enlargement, secondary TR, and systemic venous congestion. Advanced patients
can evolve from predominantly left-sided volume overload to biventricular failure.

e Potential contributors to PH include left-sided heart disease, primary pulmonary disease/hypoxia, PTE, heartworm disease, RV
cardiomyopathy and chronic RV volume overload.
¢ Interpret TR together with RV size/function, RA size, estimated pulmonary pressures, systemic venous findings and the

underlying left-heart lesion.

CLINICAL PEARL: Treating only ascites or the Doppler severity of TR may miss the upstream driver.

6. Comparative Human Medicine: From GDMT to Structural

Correction

Human structural-heart practice highlights the difference between primary and functional MR. In functional MR associated with HFrEF
(heart failure with reduced ejection fraction), guideline-directed medical therapy (GDMT) targets ventricular disease and may reduce
MR through reverse remodeling. In primary degenerative MR, medication does not repair the abnormal leaflet/chordal apparatus.

HFrEF GDMT class

Examples

Role in functional MR

ARNI / ACEi / ARB

Sacubitril/valsartan; ACEiI/ARB when appropriate

Afterload reduction, HF outcome benefit, reverse
remodeling.

Evidence-based beta-blocker

Carvedilol, metoprolol succinate, bisoprolol

HF outcome benefit and reverse remodeling.

MRA

Spironolactone, eplerenone

HF outcome benefit/remodeling.

SGLT2 inhibitor

Dapagliflozin, empagliflozin

Foundational HF therapy; reduces HF
hospitalization/CV events.

When clinically important regurgitation persists despite optimized therapy, human options include surgical repair/replacement,
transcatheter edge-to-edge repair (TEER), transcatheter mitral valve replacement (TMVR), and expanding transcatheter tricuspid

repair/replacement strategies.

e Structural devices address regurgitation directly rather than only treating congestion and neurohormonal consequences.

e  Successful MR/TR reduction can reduce pathologic volume overload and filling pressures and may permit reverse remodeling.

e Tradeoffs include anatomic eligibility, procedural risk, delivery-system size, durability, thrombosis, residual regurgitation, inflow
gradients, and particularly for TMVR; LVOT obstruction.
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7. Veterinary Interventional Cardiology: Established Procedures

Veterinary cardiology already uses catheter- and device-based therapy for congenital, rhythm, vascular and structural disorders.
These procedures demonstrate that selected cardiac diseases can be treated mechanically rather than solely with chronic medication.

Procedure Typical purpose

Pacemaker implantation Treat clinically important bradyarrhythmias/conduction disease.

Pulmonic balloon valvuloplasty Reduce valvular pulmonic stenosis.

Pulmonary/vascular stenting Relieve selected fixed vascular obstructions.

PDA occlusion Transcatheter closure of patent ductus arteriosus.

Selected cutting-balloon procedures Palliative reduction of selected subaortic obstruction in specialized cases.

ASD/VSD occlusion Selected congenital shunt closure when anatomy and hemodynamics are
appropriate.

8. Mitral Interventions in Dogs

Open-heart surgical repair

Surgical repair directly addresses the diseased mitral apparatus and can substantially reduce MR in appropriately selected dogs at
experienced centers. Limitations include availability, cost, cardiopulmonary bypass, perioperative risk and the need for highly
specialized teams.

Transcatheter edge-to-edge/coaptation strategies

Catheter-based leaflet approximation aims to improve systolic coaptation without sternotomy and cardiopulmonary bypass.
Veterinary-specific approaches such as V-Clamp and related m-TEER concepts translate the edge-to-edge principle to canine
anatomy. Suitability depends on leaflet morphology, coaptation geometry, residual valve area/gradient, imaging and device access.

Left atrial decompression (LAD)

LAD is a palliative transcatheter strategy for selected dogs with advanced MMVD and recurrent CHF. A controlled interatrial
communication is created—often by transseptal puncture followed by balloon dilation—to permit LA-to-RA decompression and reduce
excessive LA pressure. It does not correct MR; it changes the pressure consequence of MR.

e Potential benefit: reduction in LA pressure and pulmonary venous congestion when conventional therapy is limited by recurrent
CHF or renal dysfunction.
e Key tradeoff: increased right-sided volume load. Consider baseline RA/RV function, PH, shunt size, oxygenation and risk of
worsening right-sided congestion.
e Hemodynamic reassessment before and after LAD is important to balance left-sided decompression against changes in right
atrial pressure.
CLINICAL PEARL: Mitral interventions are not interchangeable: surgical repair attempts definitive correction; TEER/coaptation
technologies reduce MR mechanically; LAD provides palliative pressure relief without repairing the valve.

9. CoApt Valve™: Investigational Transcatheter Leaflet
Augmentation

The CoApt Valve™ is presented as an investigational transcatheter approach intended to reduce mitral regurgitation through
leaflet/coaptation augmentation while preserving native valvular and subvalvular function. The concept differs from conventional
TEER and from TMVR: rather than clipping native leaflets together or implanting a conventional replacement valve, the device is
designed to provide an additional coaptation surface for the native leaflets.

e Therapeutic objective: restore an effective coaptation interface and reduce MR while preserving native annular and subvalvular
dynamics.

e Development rationale: pursue a lower-profile structural solution that may avoid some limitations associated with large-bore
TMVR systems and replacement-valve interaction with the LVOT.

e Preclinical development includes deployment/post-implantation imaging in beating-heart models and translational work involving
naturally occurring canine chronic mitral valve disease.

¢ Clinical status: investigational/developmental; it is not an approved standard-of-care therapy.
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The broader significance is the shift toward disease-modifying structural therapy: treating the regurgitant lesion itself rather than
indefinitely escalating medications that primarily treat its downstream consequences.

10. Additional Interventional Procedures Beyond Valve Disease

Balloon pericardiotomy

Balloon pericardiotomy is a minimally invasive catheter-based technique intended to create a persistent communication between the
pericardial and pleural spaces. In selected patients with recurrent or chronic pericardial effusion—particularly effusion associated with
neoplasia or chronic pericarditis—it may reduce recurrent cardiac tamponade by allowing fluid to drain into a larger absorptive

compartment.

e Potential role: palliation when repeated pericardiocentesis is undesirable and surgical pericardiectomy is not selected.

e The procedure addresses recurrent pressure accumulation, not the underlying neoplasia or inflammatory disease.

e Selection/planning require definition of the effusion mechanism, assessment for masses, procedural anatomy, coagulation
considerations and anticipated pleural-space consequences.

Transcaval stenting

Transcaval/caval stenting can relieve clinically important vena caval obstruction typically secondary to neoplastic disease, where
impaired venous outflow can produce severe systemic venous hypertension and refractory ascites.

e Therapeutic objective: restore caval lumen, reduce the obstructive gradient, improve venous return and reduce

congestion/ascites.

e This is a palliative mechanical solution to an anatomic obstruction; it does not eliminate the underlying tumor, but can result in
significant longer-term survival compared to untreated dogs.

¢ Planning depends on angiographic/cross-sectional definition of lesion length and diameter, stent sizing and landing zones,
adjacent structures, thrombosis risk and post-procedure surveillance.
CLINICAL PEARL: Interventional cardiology treatments options are constantly expanding. Catheter-based procedures can
directly treat obstruction, pressure, shunt, rhythm or fluid accumulation even when the underlying disease cannot be cured.

11. Practical Referral and Treatment-Decision Framework

Clinical question

What to establish

Why it matters

What is the mechanism?

Primary vs functional vs mixed MR/TR;
obstruction, shunt, rhythm, effusion or vascular
compression.

Defines whether treatment should target
myocardium, volume, pressure, rhythm or
anatomy.

What is the stage?

B1/B2/C/D; current vs prior CHF; right-heart
involvement.

Determines evidence-based medical therapy and
monitoring.

Is CHF truly present?

Radiographic congestion/edema plus clinical and
echo context.

Avoids unnecessary diuretic escalation for
airway/pulmonary disease.

Is therapy failing?

Recurrent hospitalization, escalating diuretics,
renal compromise, persistent filling pressure,
syncope, ascites, poor quality of life.

Triggers diagnostic reassessment and advanced
referral.

Is there a mechanically treatable problem?

Valve regurgitation, stenosis/obstruction, shunt,
bradyarrhythmia, recurrent effusion or caval
obstruction.

May shift care from chronic palliation toward
catheter-based or surgical correction.

When should | refer?

Before irreversible end-organ, pulmonary vascular
or biventricular deterioration when medical or
structural intervention may be feasible.

Earlier evaluation preserves options and permits
planned rather than crisis-based intervention.

12. Key Take-Home Messages

e Mechanism comes first. Primary valve disease and functional regurgitation may look similar on Doppler but require different

therapeutic logic.

e Use ACVIM staging correctly and distinguish Stage B2 from the specific EPIC trial enroliment phenotype.
e Cardiomegaly and cough do not equal CHF. Confirm pulmonary congestion/edema before escalating left-sided CHF therapy.
e Medical therapy remains essential, but most drugs manage consequences of valve disease rather than correcting the regurgitant

lesion.
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¢ Right-sided disease often reflects interaction among left-heart disease, PH, RV remodeling and TR; treat the upstream driver
whenever possible.

e Veterinary interventional cardiology already encompasses pacemakers, valvuloplasty, vascular stenting, PDA/shunt occlusion
and other established procedures.

e Mitral interventions span open surgical repair, transcatheter coaptation/TEER concepts, palliative LAD and emerging
investigational technologies such as the CoApt Valve™.

e Balloon pericardiotomy and transcaval stenting illustrate how minimally invasive procedures can directly address recurrent
tamponade risk and obstructive venous congestion when medication cannot correct the mechanical problem.

e Consider interventional referral before irreversible end-stage disease whenever a potentially treatable structural, vascular, rhythm
or hemodynamic lesion is present.

Conclusion

The management of cardiovascular disease in veterinary medicine is evolving from a predominantly medication-centered model
toward a broader, mechanism-based strategy that combines medical therapy with surgery and increasingly sophisticated
interventional cardiac procedures. Medical therapy remains indispensable for delaying progression, controlling congestion, modifying
hemodynamics, treating arrhythmias and improving quality of life; however, it often treats the consequences of structural heart
disease rather than the underlying mechanical lesion.

Interventional cardiology offers a complementary approach by directly treating selected anatomic and hemodynamic problems.
Established procedures such as pacemaker implantation, pulmonic balloon valvuloplasty, vascular stenting and PDA occlusion are
now joined by expanding structural-heart strategies including mitral repair and transcatheter coaptation techniques, left atrial
decompression, balloon pericardiotomy, transcaval stenting, and investigational transcatheter valve technologies such as the CoApt
Valve™. These procedures are not substitutes for careful diagnosis or optimized medical therapy; they expand the therapeutic
continuum available to appropriately selected patients.

For the practicing veterinarian, the key shift is to ask not only “Which medications should | add?” but also “What is the dominant
mechanism, is there a mechanically correctable problem, and when should this patient be referred?” Earlier recognition and referral
may permit interventional cardiac procedures before recurrent CHF, severe pulmonary hypertension, renal compromise, biventricular
failure or other end-organ consequences narrow the available options. The future of veterinary cardiology will increasingly integrate
medical management, advanced imaging, surgery and minimally invasive interventional cardiac procedures to provide more
individualized—and potentially more disease-modifying—care.

Further Reading

Key frameworks discussed in the lecture include the ACVIM consensus approach to canine MMVD, the EPIC trial criteria for
preclinical MMVD with cardiomegaly, contemporary human ACC/AHA heart-failure and valvular-heart-disease principles, and
published veterinary experience with left atrial decompression and catheter-based interventions. Consult current consensus
statements, prescribing information and procedure-specific literature when applying these concepts clinically.

Lecture companion: “Medical and Interventional Therapies for Heart Disease,” George A. Kramer, DVM, DACVIM (Cardiology),
FNAP. Educational use only; treatment decisions should be individualized to the patient and current evidence.
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