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Valvular Heart Diseases & Surgery

Mitral Valve Disease

Surgical Anatomy of the Mitral Valve
Leaflet

Anterior leaflet inserts on about 1.3 of the annulus

Posterior leaflet inserts into about 2/3 of the annulus

Posterior leaflet area is significantly larger than anterior leaflet area

The combined leaflet area is twice the mitral orifice
Chordae

Primary attachment to free margin

Secondary & tertiary attachment away from free margin
Papillary Muscles

Anterolateral and posteromedial supplying both leaflets

Mitral Stenosis

Etiology
Rheumatic
History
Dyspnea, fatigue, palpitations, hemoptysis
Physical exam
Loud 1st heart sound, diastolic, rumble, opening snap
Chest X-Ray
Left atrial and right ventricular enlargement

Cardiac Catheterization

Mitral valve area = diastolic flow + %pressure gradient (Gorlin formula)
Normal Mitral valve area 4.0-5.0 cm2
Symptomatic mitral stenosis 1.4-2.5 cm2
Critical mitral stenosis <1.0 cm2
[link to video clips for Congenital Stenosis, Rheumatic x 3 and Ruptured Chordae]

Natural History

Mitral Stenosis
Continuous progressive, life-long disease
Slow, stable early course, latent period of 20-40 years from Rheumatic fever to
onset of sypmtoms
Onset of symptoms to disability- 10 years
Atrial fibrillation 30-40%
More common in older patients
10 year survival-- Overall 50-60%
Asymptomatic => 80% (60% no progression of symptoms)

-1-
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Symptomatic 0-15%
Severe pulmonary hypertension <3%
Older patients with atrial fibrillation 25%
Normal sinus rhythm 46%
Causes of death
CHF 60-70%
Systemic embolism 20-30%
Pulmonary embolism 10%
Infection 1-5%

Indications for Intervention

Mitral stenosis- reparable valve
Prominent opening snap, no calcification
Pliable leaflets, commissural fusion
Chordae and papillary muscle normal
Balloon valvuloplasty vs open commissurotomy
Experience of operator

Left atrial thrombus or mitral insufficiency = open commissurotomy

Symptomatic patients (NYHA Functional Class Il or 1V)
MYV area 2.5 cm2
PA pressure > 50 mmHg at rest- >60 mmHg exercise
Asymptomatic patients
New atrial fibrillation
Left atrial thrombus or embolism after anticoagulation

Indications for Surgery

Mitral valve stenosis- Mitral valve replacement
Symptomatic patients

NYHA functional class 111-1V

MV area >1.5 cm2
Asymptomatic patients

PA pressure >60 mmHg at rest

Mitral Incompetence

Etiology
Myxomatous degenerations
Mitral valve prolapse
Ruptured chordae
History
Asymptomatic
Dyspnea on exertion
Congestive heart failure
Physical exam
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Holosystolic at apex radiates to axilla
Chest X-Ray
LV and LA enlargement

Echocardiography

Best diagnostic tool or Mitral valve prolapse
Quantitative regurgitation
Direction of jet

Anterior (septal) = posterior leaflet prolapse

Cardiac Catheterization

Quantitative regurgitation

Assess function of pulmonary hypertension
? Exercise

Coronary angiography

Natural history

Mitral valve prolapse is most common form of valvular heart disease
Affecting 2-6% of population
Probably overdiagnosed
Gradual progression of Mitral regurgitation results in enlarged LA and LV
Enlarged LA may result in atrial fibrillation
Moderate to severe Mitral regurgitation results in LV dysfunction, CHF, pulmonary
hypertension
Prolonged asymptomatic phase + accelerated phase, ruptured chordae tendinae
Men age >45 are subject to complications
Sudden death rare <1% per year
Infective endocarditis- incidence extremely low, risk controversial, antibiotic prophylaxis
advised
Occasionally presents as acute sever Mitral regurgitation requiring urgent operation

Mitral Incompetence- Indications for Operation
Acute symptomatic mitral regurgitation

Symptomatic or Asymptomatic Patients with LV Dysfunction

Type EF Systolic Dimension
Mild 0.5-0.6 40-50 mm
Moderate 0.3-0.5 50-55 mm

Severe <0.3 >55 mm

LV dysfunction will persist, symptoms diminish, risk increase
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Asymptomatic patients with atrial fibrillation or pulmonary hypertension
PA = >50 mmHg at rest, >60 mmHg exercise

Surgical approaches to the Mitral Valve

Left thoracotomy
Rarely used, redo
Right thoracotomy
For isolated redo MVR
Median sternotomy
Traditional through Waterston's groove
Through Waterston's groove with SVC detachment
Superior via dome of left atrium transseptal
Partial/mini-sternotomy

Surgical Procedures for Mitral Valve Disease

Stenosis
Closed mitral commissurotomy
Open mitral commissurotomy
Mitral valve replacement-- likely with thick anterior leaflet, calcification, mitral
regurgitation, thick short chordal

Regurgitation

Mitral valve repair
Repair likely with posterior leaflet prolapse or ruptured chordal
Repair less likely with anterior leaflet prolapse

Mitral valve replacement with preservation of chordae tendinae
Mechanical bioprosthesis
Bioprosthesis (stented porcine aortic)
Mitral homograft

Risk Factors for Mitral Valve Replacement

Type of prosthesis is not a risk factor

Previous valvotomy or commissurotomy not a risk factor
NYHA Class (MR, LV size, LA size)

Age

Tricuspid valve disease

Coronary artery disease (3 x risk)

Chordal preservation reduces risk

NoookrwbdPE

EXTENDED OUTLINE

Structure and Pathology
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» crucial to understand the anatomy of the mitral valve in order or perform valve

repair

> mitral valve is composed of five separate components

1.
. Annulus

2
3.
4.
5

Valvular leaflets

Chordae tendinae
Papillary muscles
Left ventricular wall

Ischemic Mitral Valve Disease

1) Myocardial ischemia from coronary artery disease affects mitral valve function in
many ways
a) Ischemia leads to loss of contractility which affects mitral valve competence
b) Lateral ventricle wall and papillary muscle dysfunction

Anterior papillary muscle is supplied usually by the lad but can be from a
diagonal, ramus or proximal marginal arteries

li. Posterior papillary muscle is usually supplied by rca or distal cx
lii. Ischemia in these distributions can lead to papillary muscle
dysfunction

c. Papillary muscle necrosis and rupture leads to acute cardiac decompensation

e

Left ventricular aneurysm may lead to valvular incompetence
e. The chordae tendinae and valve leaflets are avascular and not directly affected by

ischemia

=-h

annular dilatation can lead to mv incompetence

up to 20% of patients undergoing surgery for CAD will have some MV
regurgitation
often with correction of underlying CAD with improve MV regurgitation

Rheumatic Disease

1. Mitral leaflets are the most common structures involved
2. Mitral stenosis occurs distant from initial episode
3. Rheumatic heart disease can manifest itself as mitral stenosis, insufficiency or both
4. Rheumatic process includes:
a) Leaflet thickening, calcification and retraction
b) Periannular calcification with limitation of annular motion
c) Leaflet fusion (esp. At the commussural regions) and “fish-mouthing”
d) Chordal thickening , shortening, and fusion
e) Papillary muscle inflammation

Myxomatous Degeneration

1. Primarily affects the chordae and leaflets in older patients
2. Chordae elongate leading to mv regurgitation

3. Myxomatous degeneration with prolapse is a common cause for mitral valve operation

-5-
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Endocarditis

1. Leaflet tissue is commonly involved resulting in vegetations and destruction of leaflet
2. May result in annular or periannular abscess

3. Destruction of leaflets, chordae, or papillary muscle may result in rupture and massive
mv regurgitation

4. Annular involvement of one valve may result in involvement of the other valve (aortic)

Symptoms
Mitral Stenosis

1. Rheumatic fever is most common cause
2. Symptoms are usually insidious occurring over several years after infection
3. Symptoms include decreased exercise tolerance, dyspnea, orthopnea and pnd
4. Pulmonary edema is a late sign
5. Hemoptysis
6. The onset of atrial fibrillation often worsens the symptoms of mitral stenosis
A. Thromboembolism occurs in 20% patients
B. May occur without presence of atrial fibrillation
C. Incidence of thromboembolism correlates with size of the left atrial appendage
7. Pulmonary hypertension can occur and is usually reversible after valve replacement

Mitral Regurgitation

1. symptoms depend on the acuteness of onset

2. if acute in onset secondary to papillary muscle rupture or leaflet disruption then patient
will present with pulmonary edema and right heart failure

3. patients with chronic mitral regurgitation with remain aymptomatic for several years
until left ventricular failure develops at which time dyspnea occurs

Physical Examination
Mitral Stenosis

1. Loud first heart sound, diastolic murmur, and sometimes
2. An opening snap murmur is best heard over the apex
3. Opening snap occurs when the leaflets are mobile
4. When leaflets are rigid and calcified there is no opening snap
5. May be evidence of peripheral arterial embolism
6. Signs of right ventricular failure may be present
a. RV heave
b. triscupid regurgitation
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c. hepatomegaly, ascites
1. Normal sized ventricle

Mitral Regurgitation

1. Left ventricular enlargement

2. High pitched apical systolic murmur that radiates to the axilla

3. In a prosthetic valvular leak, the murmur may radiate in any direction

4. Holosystolic murmurs are indicative of severe mr

5. In ischemic regurgitation the murmur may vary in intensity depending on the presence
of ischemia and papillary muscle dysfunction

6. Findings of right ventricular failure may occur in advanced disease

Laboratory Examinations

1. EKG may reveal atrial fibrillation and/or enlargement
2. CXR may reveal ventricular enlargement, pulmonary edema or annular calcification
3. ECHO- mainstay of mitral valvalur pathology diagnosis
a. reveals leaflet thickening and abnormal excursion
b. doppler ECHO can estimate transvalvular gradient
c. detection of atrial thrombi and valvular vegetations
1. cardiac catheterization
d. completed if coronary artery disease is suspected
e. can calculate valve area utilizing the Gorlin formula

Indications for Operation
Mitral Stenosis

1. Asymptomatic patients are generally not recommended for operation
2. Patients with few symptoms that are otherwise healthy should undergo operation
3. Patients with severe mitral stenosis should undergo operation

a. normal orifice is 4-6 cm2

b. 2-4 cm2 is mild

c.<1lcm2issevere

Mitral Regurgitation

1. Indications for operation are more complex than mitral stenosis
2. Endocarditis and acute ischemic mitral regurgitation are clear indications
3. Patients with mr secondary to myxoid degeneration or rheumatic disease typically have
an insidious onset of symptoms after several years of quiescent disease
A. Patients with mr become symptomatic only after left ventricular function has
been irreversibly damaged at which time, results are less favorable
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B. Ejection fraction is a poor measure of function because it may be preserved

even after irreversible Iv failure has occurred
C. When the ejection fraction is 40% the left ventricular function is severely
impaired

D. It is important to assess status of the lv for prognostic reasons and to determine

optimal timing for operation
1) Measurements of end-systolic volume or diameter have been found to be
reliable indices for lv function

il) Patients with end-systolic volume <30 ml/m2 or an end-systolic diameter of <

40 mm will have normal lv function post-op

i) . Patients with end-systolic volume > 90 ml/m2 or end-systolic diameter > 50

mm Iv function is irreversibly impaired and surgical mortality is higher
Operation General Considerations

1. Three classes of techniques
A. Valve repair
B. Valve replacement
C. Transcatheter
2. Patient-specific considerations
A. Presence of cardiogenic shock
B. Is valve repair is feasible
C. Presence of atrial fibrillation
D. Ability to take anticoagulants

Choice of Incision and Cannulation

1. Median sternotomy- most common
2. Right thoracotomy

3. Left thoracotomy

4. Dual or single caval cannulation

5. Antegrade or retrograde cardioplegia

Left Atrial Incision

1. “standard approach” - incision parallel to intraatrial groove in to lateral atrium
posterior to SVC and IVC

2. Superior septal- incision in roof of left atrium between aorta and SVC

3. Transseptal- incision in right atrium and through intraatrial septum

Chordal Preservation
1. Controversy exist on how to deal with native mitral vavle tissue

2. In endocarditis with infected tissue, or with heavily calcified valvular apparatus,
complete excision is necessary
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3. There is some evidence to suggest preservation of chordae and the posterior leaflet is
important in maintaining the annuloventricular apparatus and normal left ventricular
function
4. Techniques

A. Preservation of posterior valve

B. Elliptical excision of the anterior leaflet

C. Excision and re-attachment of the chordae

Atrioventricular Groove Disruption

1. occurs with over aggressive resection of valvular apparatus

2. usually a fatal complication

3. requires re-institution of bypass, removal of valve, repair of disruption and valve
replacement

4. retention of the posterior leaflet had decreased the incidence

Associated Operations

1. When coronary bypass is also required, the distal anastamoses are completed first
followed by valve replacement in order to avoid atrioventricular disruption

2. When triscupid valve procedures must be completed then a transseptal approach can be
utilized.The triscupid procedure can be completed after the mitral valve has been
replaced and the left atrium closed with the aortic cross clamp removed

3. With combined aortic valve replacement, care must be taken when excising the intra-
annular region to avoid damaging the aortic annulus

Choice of Valve
Bioprosthetic Valves

1. Low incidence of thromboembolism
2. Average durability is 10-15 years
3. Porcine valves may be chosen in females who desire to become pregnant
4. Glutaraldehyde-preserved stented porcine tissue valves are the most common
5. Bovine pericardial valves were found to degenerate rapidly
6. Structural deterioration
F. Mitral stenosis secondary to calcification, esp. In young patients
G. Mitral insufficiency form cuspal tearing and detachment
7. When bioprosthetic valve degeneration is detected, repair shoud be completed before
the onset of symptoms due to the possibility of rupture and embolism
8. Some recommend patients should receive 3 months of anticoagulation therapy until
endocardial healing is completed

Mechanical Valves
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1. durable with valve life up to 20 years
2. requires anticoagulation (INR 2.5 -3.0)
3. usually indicated in young patients or patients with chronic atrial fibrillation
4. three types of mechanical valves
A. Caged- ball (starr-edwards)
I. First implanted in 1965
li. Incidence of thromboembolism is higher than bileaflet vavles
lii. Long-term durability
Iv. High profile and contraindicated in patients with a small left ventricle
B. Tilting disc (medtronic, omniscience)
li. Low profile and useful in patients with small ventricles
lii. Orifice larger than caged- ball
Iv. Meticulous surgical technique is required during implantation to avoid
subvalvular interference
C. Bileaflet (st. Jude, carbomedics)
lii. Most common mechanical valve used in the u.s.
Iv. Surgical technique important - no subvalvular interference
V. Incidence of valve thrombosis is low

Results
Hospital Mortality

1. Higher mortality than aortic valve replacement
2. The society of thoracic surgeons national cardiac surgery database is the largest
database of cardiac surgical procedures in the u.s.
A. Contains 345,000 cases with 9,000 mitral valve replacements
B. Results of univariate analysis of the database with the 1991 to 1993 experience
(3625 patients)
I. Operative mortality 2.5% for males and 3.9% for females for first time elective
cases
li. Coincident cad increases operative risk (mortality 6.1% men, 12.2% women)
lii. Left ventricular end-systolic diameter is the most sensitive indicator of
irreversible Iv dysfunction from mitral regurgitation and predicts mortality

Overall Survival and Function

1. Two most important factors are postoperative left ventricular function and age of
patient

2. Patients with impaired left ventricular function have decreased long-term survival

3. Actuarial 5-year survival after mitral valve replacement in recent series is 80%, with a
10 year survival between 50 and 87%

4. A recent study demonstrated that in patients with combined coronary bypass and mitral
valve replacement the actuarial 5-year survival to be 66% and 10-year survival of 31%

Bioprosthetic Valve Failure

-10-
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1. A major risk is structural valve failure

2. Infants, children and patients with chronic renal failure have a high incidence of
structural failure

3. Valves in the mitral position degenerate faster than those in the aortic position

4. Follow-up is important to detect any structural failure

5. The two most common valves (hancock and carpentier-edwards) show no difference in
structural failure at 10 years with freedom from failure at 10 years between 60 and 78%
6. at 14 years, freedom from operation is between 27 and 43%

Thromboembolism and Bleeding

1. The percentage of patients free from thromboembolism at 10 years is similar whether
mechanical or bioprosthetic valves are implanted with a rate of 1.6 to 2.9% per patient
year

2. Thromboembolism is higher with starr-edwards valves with only 55% of patients free
of thromboembolism at 10 years

3. The incidence of anticoagulant-related hemorrhage is between 0.18 and 2.2 per patient
year

4. Bleeding is most common in the cns, gi and gu tracts

Mechanical Valve Thrombosis and Structural Failure

1. The tilting disc valve is most susceptible to valve thrombosis

2. Bjork-shiley valve has a thrombosis rate of 0.28% per patient year

3. St. Jude valve has a thrombosis rate between 0.09 and 0.3%

4. Structural failure is rare in mechanical valves with three studies demonstrating no
structural failure with st. Jude valves in a 10-year follow-up

Paravalvular Leak

1. Presence of active native valve endocarditis is a risk for developing a paravalvular leak
2. Patients with annular and atrial wall calcifications also have a higher incidence of leak
3. Prosthetic valve hemolysis is most often related to paravalvular leaks

4. Some valves (bjork-shiley) have a higher basal state of hemolysis

5. Bileaflet valves have been found to be relatively free of chronic hemolysis

Prosthetic VValve Endocarditis

1. Most important factor is the presence of native valve endocarditis

2. Several series have reported rates of endocarditis of 0.06 to 0.4%

3. Early mortality as high as 75%

4. Indications for prosthetic valve rereplacement include septic emboli, persistent sepsis,
and hemodynamic instability

5. Infections caused by staphylococcus aureus, gram negative organisms, and candida
albicans should lead to early consideration of valve rereplacement

-11-
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Mitral Valve Surgery
The Perfect Valve
Excellent hemodynamics
Non-thrombogenic
Durable
Unrestricted availability
Easily implantable
Silent function
Low cost

Selection of Valve Prosthesis

Primarily based on hemodynamic need, risk of anticoagulation and required durability
Small aortic root

Elderly

Multiple medical conditions

Child-bearing female

Lifestyle precluding anticoagulation

Ability or desire to undergo reoperation

Hemodynamic performance
Aortic
Homograft / autograft
Stentless heterograft
Mechanical prosthesis
Stented heterograft
Mitral
Valve repair
Mechanical prosthesis
Stented bioprosthesis

Thromboembolism and Hemorrhage
Homograft / autograft

Bioprosthesis

Mechanical prosthesis

Durability

Mechanical prosthesis

Autografts

Homografts

Bioprosthesis

Infection

-12-
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Important when operating on endocarditis
Homograft / autograft most resistant to infection
Stented bioprosthesis = mechanical prosthesis

Valve Repair

Successful valve repair is always more preferable than valve replacement
Aortic
Leaflet plication, commissure re-suspension
Mitral
Posterior quadrangular resection
Chordal transfer
Ring annuloplasty
Require training and experience for good result

Aortic Homograft

Sir Donald Ross- 1962
Performance
Freedom from failure 80-90%- 10 years
Risk of grade II/IV Al @ 7 years:
26% with subcoronary implant- 22% reoperation
12% with inclusion/root implant- 5% reoperation
Accelerated with younger age (Ann Thor Surg 1996 62:1069)
Freedom from thromboembolism 97% @ 14 years
Freedom from endocarditis 94% @ 14 years
71% actuarial survival @ 14 years (J Card Surg 1991 6:534)
Implant Techniques
Subcoronary
Inclusion
Root replacement
Immunologic responses
Cryopreservation maintains collagen but not cellular viability
Antibody production related to ABO type, HLA
Matching and immunosuppression

Pulmonary Autograft (Ross Procedure- 1967)

Advantages

Viable tissue, excellent hemodynamics

Near 0% thromboembolism, growth potential

Non-antigenic

Pulmonary valve equal in strength as aortic valve
Disadvantage

Creating 2-way valve pathology from single valve disease
Results

-13-
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Freedom from re-operation 81% @ 8 years
5-10% annular dilatation and regurgitation
Pulmonary homograft deterioration
Technique
Root replacement preferred
Tailoring of aortic/pulmonary size mismatch
Bolstering ring with Dacron strip
Long-term follow-up still accruing

Porcine Bioprosthesis

Introduced in 1972
Indications
Elderly, child-bearance, intolerance of anticoagulation, bleeding diatheses
Disadvantages
Structural deterioration
Less common in older patients
Faster in mitral vs aortic positions (55% vs 37% @15 years)
Calcification
Children, adolescents, renal failure, pregnancy?
Obstructive in smaller sizes
19 mm: Porcine 0.8-1.2 cm2, Mechanical 1.6 cm2
Supra-annular: 2.1 cm2

Stentless Porcine Bioprosthesis

Stent is the major factor governing stress
Advantages
Better hemodynamics than stented prosthesis
Availability (full range of sizes)
Implant technique
Subcoronary/ inclusion/ root replacement
Long-term follow-up pending

Mechanical Prosthesis

Most commonly used prosthesis
Excellent durability
Higher incidence of anticoagulation related complications
Flow characteristics Flow Characteristics
ball/cage < tilting dic < bileaflet
Thrombogenic potential
ball/cage > tilting disc > bileaflet
Aortic < Mitral < both

-14-
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Atrial Fibrillation and Valvular Disease

Anticoagulation substantially reduces stroke

Large immobile atrium with valve disease increases stroke risk
Anticoagulation should be maintained after valve replacement
No benefit to bioprosthesis

Antigcoagulation Management

TIA is most common event
Standardization of coagulation management (INR)
Narrow therapeutic range- balance between thrombolic and bleeding risk
ACCP recommendations: INR 2.5-3.5
Aortic: 2.5-3.0
Mitral: 3.0-3.5
Both: 3.5-4.0
Appropriate use of antiplatelet therapy

Moderate Aortic Stenosis with Coronary Artery Disease

Treatment plan
Life expectancy in the 7th decade
Male- 10 years
Female- 13 years
Valve area of 0.8
1.5 cm2 - moderate stenosis
>1.5 cm2- mild stenosis
Gradient
<25 mmHG is mild stenosis

Natural History
Moderate aortic stenosis- 10 years- 30% need or AVR
(0.8-1.5 cm2)- 15 years- 50% need AVR
Aortic gradient increases by 7 mmHg/ year when base gradient is 10 mmHg or more
Valve area decreases by 11 cm2/ year
Progression of moderate to severe stenosis mean duration is 5-7 years
EXTENDED OUTLINE
Surgical Anatomy of Cardiac Valves And Techniques of VValve Reconstruction

. Mitral VValve

A. Anatomy

-15-
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1. Leaflets - surface area is twice that of the MV orifice
a. anterior
- common attachment with left coronary and 1/2 of the noncoronary cusps
b. posterior
2. Commissures
- anterolateral
- posteromedial
- corresponding PM underneath
3. Annulus
- insertion of atrial and ventricular muscle
- attached to fibrous trigones
- right trigone junctions between the MV, TV, AV & membranous septum
- sphincter like function causing a 26% narrowing during systole
4. Chordae tendinae
- insert into the distal part of the valve on the rough zone
- anterior leaflet
- main, paramedian, paracommissural
- posterior leaflet
- basal , rough zone , cleft
5. Papillary Muscles
- anterolateral and posteromedial
6. Arterial Supply
a. leaflets
- anterior - Kugal's artery from the RCA or Circ.
b. PM
- anterolateral - LAD, Diagonal, Circ.
- posteromedial - Circ. and RCA

B. Mitral Valve Repair

1. leaflet motion is either normal, prolapsed, or restricted
2. if the leaflets move normally and there is MR then the annulus is dilated or there is
leaflet perforation
3. goal is to improve movement of the leaflets and remodel the annulus
4. Repair of Prolapse

a. quadrangular resection

b. gap repaired by:

- annular plication

- sliding plication
5. Repair of Anterior Leaflet

a. chordal rupture

- fix to secondary chordae

- chordal shortening

- chordal transposition (post. to ant.)

- chordal replacement

b. chordal shortening

-16-
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6. Papillary Muscle
- sliding plasty
- cuneiform resection
- concertina technique
7. Restricted Leaflet Motion
- resection of secondary chordae
- triangular resection of fused elements

C. Results

- 72 % 5 year survival

- 94 % freedom from embolic event
- 97 % freedom from endocarditis

- 87 % without reop @ 15 years

- 2. 5 % with signs of MR

Il. Tricuspid Valve
A. Anatomy

1. Leaflets

- anterior, septal, posterior
2. Commissures

- anteroseptal, anteroposterior
3. Annulus

- attached only to the right fibrous trigone between the septal leaflet and the
anteroseptal commissure, elsewhere the valve inserts directly into the

myocardium
4. Chordae Tendinae

- similar to the MV with the addition of free edge @ deep chordae
5. Papillary Muscles

- anterior

- largest

- send chordae mainly to the anterior leaflet

- posterior

- may have more than one belly

- chordae of the posterior and a few to the septal

- septal leaflet supported with chordae directly from the septum

B. Tricuspid Valve Repair
1. indications for repair
a. annular size > 34 in women and > 36 in men

b. organic lesions
2. annuloplasty mainly works in the posterior leaflet

-17-



Lecture Notes of Cardiovascular & Thoracic Surgery

Part I11: Adult Cardiac Surgery

3. organic lesions
- division of fused commissures
- prolapse treated the same as MV

C. Results
- .6 % reop rate with ring vs. DeVega
I11. Aortic Valve
A. Anatomy

1. leaflets

- tricuspid

- all insert into annulus
2. fibrous skeleton

- does not change during the cardiac cycle
3. sinuses of valsalva

B. Repair

1. Annular dilatation

- circular annuloplasty

- commissural annuloplasty
2. Repair of leaflets

a. prolapse

- triangular resection

- leaflet resuspension

b. restricted

- commissurotomy

C. Results

- 20 % reop rate

Selection of Prostheses
I. Mechanical valves
A. Selection
1.<70yo
2. no h/o bleeding
B. Survival - over Y2 of late deaths are related to valve complications
C. Hemodynamics
1. Tilting disc and bileaflet are “low-profile”
a) Tilting disc - 6-7mmHg gradient
2. Caged ball is “high-profile”
D. Thromboembolism
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1. Highest risk is in first 14 months

2. Steady level after - 0.5%/pt-yr

3. INR 2.5 = therapeutic

4. Coumadin for all - antiplatelet agent for high-risk (a-fib, h/o embolus, etc.)
5. Thrombolytic therapy - never for patients in a low-output state
E. Hemorrhage

1. Incidence the same for aortic and mitral position

2. Associated w/high anticoagulation levels (INR >4.5)

3. At INR 2.5-3.5, anticoagulation-related death = 0.2%/pt-yr
F. Endocarditis

1. PVE - mortality = 23-69%

2. Most commonly in first several months

3. After initial period = 0.17%/pt-yr

G. Periprosthetic leakage (see Table 122-2)

1. Predisposing factors

a) Annular calcification

b) Infection

c¢) Annuloprosthetic mismatch

d) Excessive tension on sutures, annulus or both

e) Technique

f) Abnormal annulus tissue

H. Structural valve degeneration

1. Rare

2. Leaflet fracture - may be due to mishandling a scratches

I. Nonstructural valve degeneration

1. Pannus formation

I1. Bioprosthetic Cardiac Valves

A. Features

1. No indication for anticoagulation

2. Survival

B. Glutaraldehyde-preserved porcine valves

C. Hemodynamics

1. Central unimpeded flow

2. In aortic position, small (19-21mm) valves are stenotic
3. Supraannular bioprosthesis improves flow

D. Thromboembolism

1. INR 2.0-3.0 for a-fib

E. Hemorrhage-see Table 122-4

F. Structural valve dysfunction

1. Progressive degeneration

2. Reasons

a) Calcification

b) Collagen degeneration-associated cuspal defect

c) Time-dependent - accelerated failure after 8-10 years
d) Valve failure and calcification accelerated in childrenayoung adults
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e) Mitral > aortic failure
G. Endocarditis
H. Periprosthetic leak

I11. Pericardial Valves
A. Better flow (than porcine bioprostheses)
B. Newer designs more durable

IVV. Homograft Valve Prostheses

A. Patient survival 85-90% @ 7.5yr // 71% @ 14yr
B. Durability

1. Early homografts - calcification & cusp rupture

2. Cryopreservation (vs irradiation & chemical processes)
a) 95-98% freedom from structural deterioration (10yr)
C. Thromboembolism

1. ? Role of endothelium

D. Endocarditis

1. S. aureus a major player

2. Many respond to Abx

3. Failure to respond to Abx = surgical indication

Surgery For Atrial Fibrillation

Indications

Patients with chronic atrial fibrillation (greater than six months) and left atrial size greater
than 5.5 cms with associated mitral valve disease. Left atrial size is measured on the
transthoracic echocardiogram at the time of aortic valve closure in the M-mode
echocardiogram in the parasternal long axis view. Patients receiving mitral valve surgery
(repair/commisurotomy/replacement), with concomitant tricuspid or aortic surgery being
performed.

Contraindications

Operative Procedure

The Cox maze 111 procedure The cut and suture technique: It is the standard benchmark
for AF surgery. It has the highest reported conversion rate to sinus rhythm with re-
establishment of atrial transport function. It is primarily a method to enforce a blockade
of the electrical wave front. The major reason for its limited use is the extensive nature of
the procedure and the multiple suture lines giving rise to possible troublesome bleeding
apart from the increase in cross clamp time.

Radio frequency (RF) maze: RF current has been used to create lesions in the heart and
has been used in electrophysiology labs to create transmural burns. A diathermy unit is a
radio frequency generator and initiates hemostasis by thermal energy dissipation. The
principle of radio frequency energy ablation is to produce a confluent transmural linear
line of cellular death by raising tissue temperature to greater than 55°C thereby, similar to

-20-



Lecture Notes of Cardiovascular & Thoracic Surgery

Part I11: Adult Cardiac Surgery

a surgical incision, preventing electrical conduction. The reason for the development of
specific radio frequency generators for this procedures has been to build in feed back
control systems in order to monitor and control the energy delivered — thereby ensuring a
fully transmural lesion without a risk of perforation.

Complicatios: Cronary injury (MI); phrenic n. palsy (diaphragmatic paralysis); and
perforation to the esophagus.

Other Sources of Energy : Microwaves, cryoablation, LASER & electrocautary.

The electrocautery (EC) maze :

Itis a cost-efficient, easily reproducible and quick method.

A method using the creation of lesions by an ordinary unipolar surgical diathermy unit
for creating linear lesions akin to the Cox maze procedure to create a pathway..

Technique

All patients are placed on conventional CPB with bicaval venous cannulation (SVC
cannula being passed through the right atrial appendage) and ascending aortic
cannulation. On normothermic bypass with the non cross-clamped perfused beating heart,
the right atrium is opened.

The initial cautery lesions are placed using the “spray mode” of an ordinary cautery
pencil connected to a diathermy machine (Valley Lab Force 40 S™ Valleylab, Inc., CO )
set at 40 watts and using the coagulation — spray setting.

The output waveforms are as follows: Valleylab Force 40 S™ — 500 kHz damped
sinusoidal bursts with a repetition frequency of 31.25 kHz, rated load of 300 ohms and
power output being 40 watts.

The theoretical energy delivery is approximately 40 Joules for every second of
cauterization. Lesions are created by slow progression of the pencil such that the tissue
blanched when the cautery arc is moved against the tissue. Since the spark mode arc is
employed in an empty heart, alteration in conductivity (due to blood and charring) is
typically avoided and the rate of progression of the cautery is primarily determined by
blanching. This is approximately at the rate of around 1-2 seconds per centimeter.

The cautery is never kept stationary as it has to be moved as soon as the tissue blanches.
Inspection on the opposite side easily demonstrates the transmural nature of the burn
visually.

The pencil diathermy probe is used the ordinary “knife” tip and not a ball electrode.

The tip actually does not come in contact with the tissue after the spark arc-gap is
established. For this a knife tip would be better than a ball tip.

The right atrial lesions are as follows: Remember the #5 on your fingertips
Step 1: From the posterior wall of the SVC — RA Junction (just caudal to the level of the
SA node), down across the fossa ovalis to the IVC cannula veering towards the mouth of

the coronary sinus and burning the inferior mouth of the coronary sinus including as
much of the ostium as possible
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Step 2: From the IVC burning the atrial isthmus and proceeding to the tricuspid valve
ori.ce at 5 o’clock .

Step 3: From the middle of lesion 1 laterally towards the atrial wall, burning the atrial
“Crista” and proceeding further laterally to meet the atriotomy . The right sided lesions
are performed on the beating perfused heart primarily to see the effect of ablation on the
right side. Nearly 60% of cases revert to sinus rhythm or develop a slowing of the heart
rate and intermittent P wave formation. The lesion at the coronary ostium can be
precisely placed and thus heart blocks can be avoided.

Step 4: From the superior end of the atriotomy to the right atrial appendage stopping at
the cannulation orifice.

Step 5: Restarting at the diametrically opposite point and continuing the lesion towards
the dome of the left atrium.

While placing this lesion, care must be taken to specically search for the sinus node artery
and the interrupt the cautery lesion for 3 mm on either side of the artery. The yellow fat
pad indicating the area of the sinus node should be assiduously searched for and avoided
during the placement of all lesions. The lesion near the sinus node artery is placed as it is
found that this lesion usually caused a sudden conversion

The retrograde cannula is placed back into the coronary sinus. Any tricuspid procedure
that has been planned is performed. The atriotomy is closed and the heart is arrested with
antegrade cold blood cardioplegia. During this period, if there is no left atrial thrombus,
the left atrium is ligated externally with a silk/linen ligature. The left atriotomy is done
after dissecting the interatrial (Sondergaard’s) groove extensively (vertical left
atriotomy).

Any left atrial thrombus is evacuated and all lamellar thrombus in the atrial body is
assiduously evacuated. The mitral valve procedure is performed.

The left atrial lesions are as follows: Remember the #5 on your fingertips
Step 1: If the left atrial appendage has not been ligated previously, it is now ligated
externally.

Step 2: The lesions are placed circumferentially at one centimeter from the pulmonary
vein orifices. The cautery lesions are placed while controlled warm retrograde
normokalemic reperfusion is being done.

Step 3: A lesion touching each of the previous lesions and the mitral annulus at 5 o’clock
connects all four lesions. (On a practical basis, if the gap between the left superior and
inferior pulmonary vein is small, a common lesion can encircle both pulmonary veins).
Step 4: A lesion is placed from this outer lesion to the ligated left atrial appendage.

Step 5: In giant left atria with atrial diameter more than 7 cms, an optional cruciate
lesion is placed within the circum-pulmonary vein lesion .
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The left atriotomy is then closed. The heart is de-aired and the patient is weaned off CPB
in the routine manner.

TEE is done. Atrial and ventricular wires were placed in all patients. Care is taken to
place the atrial wires as high as possible to enable sinus node recovery time (SNRT)
studies.

Postoperative Care: Patients who are in sinus rhythm were put on an infusion of
amiadorone (10 mg/Kg/24 hours) and then an oral amiadorone 200 mg/day for three
months, and then stopped. Patients who had nodal rhythm were given intravenous
aminophylline (15 mg/Kg/24 hours) with an initial 200-mg bolus on CPB, if there was
nodal rhythm, and temporary atrioventricular pacing was instituted as and when required.
(Notice that all numbers can be divided on # 5)

Amiadorone was given primarily to ensure decreased atrial automaticity to offset the
increased atrial tissue conduction speed that can cause transient AF despite adequate
maze lesions. This is done to ensure maintenance of sinus rhythm postoperatively at all
times to ease hemodynamic management in sick left ventricles. Since sinus rhythm
begets sinus rhythm, addition of amiadorone, even though only three months, ensures
maintenance of sinus rhythm and early return of atrial function.

Multimodal attack of AF (maze + amiadorone + optional atrial pacing) ensures a
controlled sinus rhythm throughout the immediate postoperative period and makes it
smoother. The efficient return to sinus rhythm is also a surrogate marker for
completeness of the lesions as it is known that inadequately performed Maze procedures
can result in a lower conversion rate to sinus rhythm.

All patients who were not on coumadin for valve replacement (i.e., repairs) were placed
on 150-mg enteric-coated aspirin life long. (Notice that the number can be divided on
#5)

Selected References
Mostafa, EA. Biatrial —electrocautary maze- amiodarone protocol for the treatment of
atrial fibrillation. J Egypt Soc Cardiothorac Surg 2005;13:90-92.
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Endocarditis

Infective endocarditis:

Invasion of the endothelial surface of the heart by microorganisms

Infective microorganism may be:

Bacteria

Fungus

Rickettsia

Chlamydia

Virus

Commonly affects heart valves; also shunts (PDA), septal defects (VSD), coarctation of
aorta

Predisposing Factors
Congenital lesions
Ventricular septal defects
Tetralogy of Fallot

Aortic stenosis

Complex cyanotic anomalies
Patent ductus arteriosus
Systemic to pulmonary arterial shunts
Acquired lesions

Rheumatic valvular disease
Degenerative cardiac lesions

Acute Infective Endocarditis

Toxicity marked

Progresses in days or weeks to valvular destruction and metastatic infection
Typically due to staphylococcus aureus

Subacute Infective Endocarditis (SBE)

Toxicity modest

Progresses over weeks to months, metastatic infection rare

Likely caused by streptococcus viridans, enterococci, staphylococcus epidermis, gram
negative coccobacilli

Characteristic lesion: The Vegetation
A mass of platelets, fibrin and microorganisms

Native valve endocarditis - occurs on normal, congenitally deformed, or diseased valves
Aortic valve most common

Prosthetic valve endocarditis

10-20% of cases of endocarditis

Greatest risk during initial 6 months after valve surgery

Staphylococcus epidermis most common cause
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Often extends beyond the valve into anulus and cardiac tissues

Pathogenesis

Intact endothelium is resistant to infection

Injury to heart valve endothelium leads to deposition of platelets and fibrin (nonbacterial
thrombotic endocarditis)

Platelet - fibrin complex receptive to bacterial colonization

Bacteremia originates most commonly from oral mucosa, genitourinary or
gastrointestinal tract

Fibronectin binds bacteria to platelet - fibrin complex (or to normal endothelium) - The
vegetation grows, sheds organisms or fragments and embolizes

Pathophysiology

Constitutional symptom of infection

Locally destructive effects of infection

Embolization of vegetation

Continuous bacteremia with remote infection

Antibody response with tissue injury (eminent complex or antibody - complement
reaction)

Constitutional Symptoms
Fever 80 - 85%

Chills 42 - 75%

Anorexia 25 - 55%
Malaise 25 - 40%

Weight loss 25 - 35%

Locally Destructive Effects of Infection

Perforation of valve leaflets

Perforation of fistula between blood vessels or cardiac chambers
Abscesses

Disruption of conduction system

Signs

Fever 80 - 90%

Murmur 80 - 85%

Changing or new 10-40%

Peripheral signs

Petechiae 10 - 40%

Splinter hemorrhages 5 - 15%

Osler’s nodes 7 - 10% (tender subcutaneous nodules in pulp of digits)
Janeway lesions 6 - 10% (erythematous, nontender lesions on palm or sole)
Roth spots 4 - 10% (retinal hemorrhage with pole center)

Emboli

Systemic emboli with infarction occur in 40%
Splenic (LUQ pain)
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Renal (flank pain)

Cerebral (stroke 10 - 15%)

Coronary (common at autopsy, transmural infection rare)
Mesenteric (abdominal pain, ileus)

Retinal (blindness 3%)

Pulmonary emboli, often septic, occur

In 75% with tricuspid valve endocarditis

Diagnosis

High index of suspicion

Valvular heart disease

Prosthetic heart valve

Fever

Murmur

Positive blood culture

Echocardiogram (TEE = 82 - 94% +)

Vegetation

Dehiscence of prosthetic valve

New valvular regurgitation

Fungal Endocarditis

5% of cases of NVE

10% of cases of PVE

Most common in IV drug abuse or underlying systemic disease
Diagnosis difficult, because many patients are afebrile with normal WBC
Fungus often difficult to culture, blood cultures typically negative

Large vegetations, systemic embolization, myocardial invasion, extremely resistant to
medical therapy

Early surgical intervention warranted because medical mortality approaches 100% Anti-
fungal therapy for life

Surgical Treatment - Absolute Indications
Congestive heart failure due to valve dysfunction
Unstable valve prosthesis

Uncontrolled infection

Persistent bacteremia

Fungal endocarditis

Relapse after optimal therapy (prosthesis)
Surgical Treatment - Relative Indications
Perivalvular extension of infection
Staphylococcal infection of prosthesis

Persistent fever (culture negative)

Large vegetation (> 10 mm = increased embolism)
Relapse after optimal therapy (native valve)
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Treatment of Extracardiac Complications

Splenic abscess (3 - 5%): Antibiotics, Percutaneous catheter drainage & Splenectomy
Mycotic aneurysm (2 - 10%, 1 - 5% cerebral): Antibiotics. Surgery for aneurysm which
expand or persist & Emerging operation for rupture

Principles of Surgical Management

Excision of all infected valve tissue

Drainage and debridement of abscess cavities

Repair or replacement of damaged valves

Repair of associated pathology: Septal defects, fistulas

Aortic Valve - Surgical Options

Infection limited to leaflets

Aortic valve replacement

Infection extends to anulus or beyond

Debride infected tissues

Drain abscesses to pericardial sac (? obliterate)
Replace aortic root

Atrioventricular Valve - Surgical Options
Infection limited to leaflets

Vegectomy

Repair perforations

Reduction annuloplasty

Infection extends to anulus or beyond
Valve replacement

Debride and abliterate abscesses

? Tricuspid valve excision

(20 - 30% develop CHF)

Results of Surgery

Mortality (operative) = 15 - 20%

Infection of prosthetic valve during operation for native valve endocarditis = 4%
(12 - 16% if active endocarditis)

Late survival (5 years)

Native valve = 70 - 80%

Prosthetic valve = 50 - 80%
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Aortic Valve Disease
Morphology
a) Calcified Aortic Stenosis
- Congenitally bicuspid or unicuspid, fused commissures, heavy calcification, age 50-70
b) Rheumatic Aortic Stenosis
- Fibrous thickening, 3-cusp valve, mild calcification, rheumatic fever history in 1/2
c) Degenerative Aortic Stenosis
- Diffuse nodular calcification, 3-cusp valve, no commissural fusion

Aortic Valve Incompetence

- Cusp prolapse or cicatricial shortening of cusps with rolled edges

- Annulo-aortic ectasia is a disease of the aorta rather than the valve itself

- Dilation of sinus aorta, cystic medial necrosis, failure of coaptation of cusps

Symptoms and Diagnosis

a) Aortic Stenosis

- Dyspnea, angina, syncope in 1/3

- Angina more common with CAD

- Severe AS = LV to Ao gradient greater than 50 mmHg or aortic valve area less than 1.2
cm?/M?

b) Aortic Incompetence

- CHF symptoms, angina 1/4, syncope rare

- Severe Al = LV enlargement, calculated LV end systolic pressure greater than 50mm
Hg, EF less than 40%, calculated fiber shortening less than 0.6 cm/sec

Natural History - Stenosis

a) Hemodynamically severe, symptomatic or asymptomatic
- Sudden death risk high

- Immediate operation is indicated

b) Hemodynamically mild or moderate, asymptomatic

- 50% event free for 4 years

- Operation is not urgent, but patients should be followed carefully as the disease
advances rapidly

¢) Hemodynamically mild or moderate, symptomatic

- One-third will die within 4 years

- Prompt operation is indicated

Natural History - Incompetence

a) Latent period to cardiac decompensation is long
- Sudden death is not common

- Once deterioration begins, the LV fails rapidly

b) Symptomatic patient with CHF, angina, syncope
- Prompt operation is indicated

¢) Asymptomatic patient
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- Follow carefully for LV enlargement or decreased LV function by ECHO or MUGA

- Operate at an appropriate time

Associated Coronary Artery Disease

- Treat significant coronary artery disease at the time of surgery even if asymptomatic

- CABG reduces risk of AVR and improves long-term survival

- Coronary angiography is indicated in all patients older than 45 years who will be having
AVR

Ventricular Performance After AVR

- AVR may improve LV performance

- Pre-op LV dysfunction is the strongest predictor of post-op dysfunction (60%)

- Microscopic changes in myocardium may persist despite improvement in symptoms and
reduction in heart size

Age and AVR

- Advanced age most common predictor of survival and cardiac events
- AVR very effective treatment even in patients over age 70 or 80

- Even the best patients over age 80 have reduced reserve

Aortic valve surgery

Aortic valve repair
Aortic valve replacement
Aortic root replacement

Choice of Replacement Device

- Age less than 55 years - Aortic allograft or pulmonary autograft

- Age between 55-75 years - Mechanical prosthesis

- Age greater than 75 years - Porcine heterograft, stented or stentless

- Allografts and autografts enlarge the orifice by about 2 mm, porcine heterografts reduce
valve size by about 2 mm, and mechanical valves reduce valve size by about 5-8 mm

Size of Prosthesis for AVR

a) 19 mm

- Prohibitively high LV/Ao gradient

- Enlarge the aortic root or perform Ross procedure instead

b) 21 mm

. Adequate size if BSA 1.5-1.7 M? and patient is sedentary

. If BSA greater than 1.7 M? = enlarge the aortic root (10 year survival 80% vs 60%)
¢) 23 mm or larger

- Acceptable LV/Ao gradient in all patients

Survival After AVR

a) Early (hospital) death - 3-6%
b) Time-related survival
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5 years - 75%
10 years - 60%
15 years - 40%

c) Mode of death

Early due to CHF, hemorrhage, infection, CVA
Sudden - 20%
Device related - 20%

Risk Factors for Survival after AVR

Advanced age

- Functional status (NHY A class)

- Depressed LV function (aortic incompetence)
- Coronary artery disease

- Presence of endocarditis

- Aneurysm of ascending aorta

- Mismatch of prosthesis and body size

Selected Articles

The first two selections are collections of several articles in single journal issues that
provide the latest information on valve surgery. We have provided the journal
reference information but have not hyperlinked them through the internet Medline
search engine.

Cohn LH (guest editor). Prosthetic aortic valves. Seminars in Thoracic and
Cardiovascular Surgery 1996;8:230-75.

Several authors have contributed to the first section (dedicated to aortic valve
surgery), including Emery, Arom and Nicoloff (St. Jude valve); Copeland
(Carbomedics valve); Akins (Medtronic-Hall valve); Doty (homograft and
autograft); Fann and Miller (porcine valves); and Cosgrove (pericardial valve).

VIth International Symposium on Cardiac Bioprosthesis. Annals of Thoracic Surgery
1995;60 (suppl):S61-488.

Jamieson and David provide the introduction for the complete set of articles from
the symposium, many of which are directed to aortic valve surgery. Topics
include allograft, autograft, stented and stentless heterografts, and comparison of
mechanical and biological prostheses.

Antunes MJ. Valve replacement in the elderly. Is the mechanical valve a good
alternative? Journal of Thoracic and Cardiovascular Surgery 1989;98:485-91.
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Although not specific to aortic valve disease, this article is a nice review of
mechanical valve outcomes in the elderly population.

John S, Ravikumar E, Jairaj PS, Chowdhury U, Krishnaswami S. Valve replacement
in _the young patient with rheumatic heart disease. Review of a twenty-year
experience. Journal of Thoracic and Cardiovascular Surgery 1990;99:631-8.

Again, not specific to aortic valve surgery, but an interesting perspective on this
problem in the young patient population.

Sources for further reading
Textbook Chapters

Chapter 52: Acquired Aortic Valve Disease. Surgery of the Chest (Sabiston and Spencer),
5th ed., 1566-96.

Chapter 12: Aortic Valve Disease. Cardiac Surgery (Kirklin and Barratt-Boyes), 2nd
ed., 491-572.

Chapter 120: Aortic Valve Disease and Hypertrophic Cardiomyopathies. Glenn's
Thoracic and Cardiovascular Surgery (Baue, Geha, Hammond, Laks, and Naunheim),
6th ed., 1981-2004.
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Tricuspid Valve Disease

Pathology
Congenital

AV canal

VSD

Ebstein's

Myxoma
Acquired

Structural Functional

Rheumatic disease Cor-pulmonale
Endocarditis Inferior Ml
Carcinoid Left-sided lesion

Normal Anatomy

Septal, posterior and anterior leflets

Annulus- sphincter-like function

Septal annulus- fixed

Dilatation only in anterior and posterior annulus

Functional Incompetence of the Tricuspid Valve

Most common form of tricuspid dysfunction

No leaflet or subvalvular abnormality

RV dilatation (secondary to L lesion)

RV volume overload

Pulmonary hypertension- "Pop-Off" safety feature

Rheumatic disease

Functional TR due to L-sided lesion
Structural- never isolated

Stenosis- rare

Mixed- stenosis/regurgitation
Most common cause for tricuspid replacement

Endocarditis

Usually IV drug abusers
Pseudomonas/ Staph. Aureus
Gram negatives, fungal

TR, septic pulmonary emboli
Antibiotics highly successful
Clinical-- Tricuspid stenosis
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Prominent jugular "a-wave" or atrial fibrillation
+/- systolic murmur

Enlarged liver

Right atrial enlargement

Cath >4mm enlargement

Clinical-- Tricuspid regurgitation

Cannon waves in jugular pulse
Pansystolic murmur
Pulsatile hepatomegaly/ascites/edema
Catheterization- not accurate
Echocardiography
Reversal of flow in IVC
Paradoxical atrial septal shift
Annular dilatation
Intraoperative- digital exam

Tricuspid Valve surgery
Indications for Surgery
Tricuspid stenosis
Gradient > 4 mmHg
Commissurotomy vs replacement
Tricuspid regurgitation
Clinical decision- improvement with repair of left-sided lesion
Moderate to severe TR or any structural TR
RV volume overload
Right-sided heart failure
Repar vs replacement
Endocarditis
Severe TR
Persistent sepsis
Recurrent PE
Excision vs replacement vs repair

Repair
Ring annuloplasty
Shorten anterior-posterior annulus
Avoid septal annulus
Sewn annuloplasty
Kay
DeVega
Can be done after cross-clamp removal

Replacement
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Bioprosthetic valve if >/= 28 mm

Smaller annulus consider prosthetic valve
Septal sutures in base of leaflet

Epicardial permanent pacemaker electrodes

Excision

If IV drug abuser ceases abuse
Second-stage replacement

Results

Annuloplasty
Addition adds minimal risk to MVR
Freedom from moderate/severe TR about 85% for 6 years
Results poorer with pulmonary hypertension
Reoperation fro TR recurrence- rare
Replacement
Early mortality 7%
Porcine valve longer life than mitral position
Thrombosis: bileaflet < disc < ball/cage
Mortality- multi-vavle-disease, EF, co-morbidities
Excision
Early mortality 12%
Survival 63% at 15 years
50% right sided heart failure
RV overload, septal shift, arrhythmias

Complications

Annuloplasty failure- related to pulmonary hypertension
Bioprosthetic calcification in younger age
Complete heart block
10% with MVR and TR early postoperatively
25% at 10 years
Rare after repair

Risk of premature death
Excision
Prior valve surgery

Older age at operation
Preoperative functional class
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Coronary Artery Diseases & Surgery

Coronary Artery Diseases
Definition
- @ narrowing of one or more coronary arteries from atherosclerotic disease which limits
myocardial blood flow. Increasing degrees of stenosis first limit reserve flow, then reduce
flow at rest, and finally may totally occlude the vessel.

Morphology

A. The normal coronary artery layers
- Endothelium

- Intima

- Internal elastic lamina

- Media

- External elastic lamina

- Adventitia

B. Lesions of atherosclerosis

- Fatty streak begins in childhood

- Lipid laden macrophages and T-lymphocytes with smooth muscle cells cause focal
intimal thickening

- More smooth muscle cells and connective tissue form in the intima

- Eccentric fibrous plaque develops, which is white and elevated

- Lipid deposition in cells and connective tissue

- A luminal fibrous cap forms

- Zone of necrotic tissue beneath the cellular area

Pathophysiology

- Rupture and thrombosis of a plaque is the probable cause of most unstable angina and
acute myocardial infarction

- Acute ischemia commonly develops in vessels with less than 50% stenosis

- More severe stenoses also occlude, but may not have acute ischemia due to protective
collaterals

- Hemorrhage may occur suddenly within a plaque

- Platelet aggregation, vessel stenosis, and coronary spasm all play a role in acute
narrowing/occlusion

- Plaque regression occasionally occurs

- Development of collaterals important in restoring regional perfusion

Vascular Anatomy

- CAD usually involves proximal portions of the 3 major arteries, particularly at branch
points

- The LAD and RCA are more often involved than the CX

- 40% of patients studied for symptoms will have significant stenoses in all 3 vessels
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- 95% of patients with 1 completely occluded artery will have a significant stenosis in at
least one other artery

- 10-20% of patients with significant disease will have L main involvement

- Diffuse distal disease unsuitable for CAB is uncommon

Diagnosis

A. Coronary angiography

- Severity of lesions and size of distal vessels may be underestimated

- 75% reduction in cross-section = 50% diameter reduction (moderate)

- 90% reduction in cross-section = 67% diameter reduction (severe)

- Ejection fraction should be considered with heart size, as the heart size can be normal
even in severe LV dysfunction

B. Tests of LV function

- Resting LV function depends on the amount of myocardium devoid of scar

- Exercise LV function reflects loss of coronary flow reserve, and is typically depressed
when compared to resting function

- Global LV function usually visually estimated on angiography as ejection fraction

- Can also be evaluated by CASS score, which is the sum of five segmental scores

- Segmental LV wall function assessed by local wall motion or thickening during
cardiac cycle

Natural History

A. Progression of Stenoses

- Rate of progression is highly variable

- Young age, hyperlipidemia, and presence of PVD denote more rapid progression of
coronary stenoses

- 50% of patients will develop new significant lesions within 2 years

B. Progression of LV Dysfunction

- As areas of ischemia become more extensive, global LV systolic function will fall
during exercise testing

- LVEDV will increase from the decreased systolic function

- LV diastolic function also falls from impaired myocardial relaxation during early
diastole

- All factors ultimately result in increased LVEDP

- LV dysfunction at rest is usually from myocardial scarring

- Myocardial stunning or hibernation can cause resting LV dysfunction as well

Unfavorable Outcomes

A. Stable angina

- Chest pain on exertion is a common event with progression of coronary stenoses
- Graded exercise testing helps quantify the degree of reduction in flow reserve

- Angina typically becomes more severe with time, although some patients do not
progress
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B. Unstable angina

1. Definitions:

- Severe and persisting angina with EKG evidence of ischemia and minor CK-MB
changes

- Severe class IV angina within 2 months of onset

- Severe angina lasting more than 15 minutes occuring within 10 days of presentation
- Severe angina within 2 weeks of acute myocardial infarction

2. Plaque fissure and/or rupture is the probable cause of unstable angina

3. These patients have increased tendency to develop myocardial infarction

C. Acute myocardial infarction

- Severe proximal LAD disease is prone to cause acute Ml

- 30% of patients studied will have an acute MI within 5 years

- Probability of acute Ml is increased by number of previous Mls and number of vessels
involved

- Thrombolytics have reduced current hospital mortality to less than 10%

- Death usually the result of acute cardiac failure or sudden ventricular arrhythmia

D. Death

- The majority of patients with CAD ultimately die from cardiac causes
- Most common cause is acute or subacute cardiac failure

- 20% of patients have sudden death

- 10-year survival is about 60%

Risk Factors

- Severity of reduction of regional coronary flow reserve

- Number of myocardial regions with reduced flow reserve
- Nature of plaque and internal thrombolytic/fibrinolytic state
- Amount and distribution of scar

- Hemodynamic instability

- Ischemic instability

- Ventricular electrical instability

- Older age

- Diabetes

- Hypertension

- Hyperlipidemia

- COPD
- Chronic renal disease
- Smoking
- Previous CVA
Number of vessels 5-year survival
with stenoses

1 (any) 90-95%

1 (RCA) 96%

1 (LAD) 92%
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1 (prox LAD) 90%
2 88%
3 70%

Left main 40-60%
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Non-surgical Revascularization
History

A. Developed by Andreas Gruentzig in 1977
B. Original series

- 169 patients
- 133 successfully ballooned
- 95% ten year survival with one lesion
- 81% ten year survival with more than one lesion
- 23% went to surgery in the ten year period
C. 1981 series
- 427 patients
- 88% had single vessel disease
- 94% successfully ballooned
- 91% ten year survival
- 30% redo PTCA in ten year follow-up
- 23% required surgery
- 55% freedom from M, death, and surgery @ ten years
PTCA after CABG
- 94% success with PTCA of SVG
- depends on location
- distal anastamosis: good results secondary to intimal
hyperplasia
- 24% restenosis rate
- restenosis rate increases in mid and proximal lesions, and in
vein grafts over two years old

Primary Angioplasty in Myocardial Infarction
- most beneficial in older patients and in AWMI

1. AWMI mortality 1.4% with PTCA
vs. 11.9% with lytic therapy

2. Age > 65 yrs mortality 5.7% with PTCA

vs. 15% with lytic therapy
New Interventional Devices

1. Rotablator

2. Transluminal Extractor Atherectomy Catheter (TEC)
3. Excimer Laser

4. Stents
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a. indications widening, but the text states for use 1) after a dissection
secondary to PTCA, 2) acute closure after PTCA, and 3) reduce restenosis
b. Benestent Trial and STRESS
- each trial had >1000 randomized patients
- end point was luminal diameter @ 6 months
- restenosis ( defined as 50% ) was 42% in PTCA vs. 32%
with  PTCA and stenting
- reintervention was 15% in PTCA vs. 10% with PTCA and
stenting
c. cost: 1) increased bleeding
2) increased hospitalization

PTCA vs. CABG
A. Emory Angioplasty Surgery Trial (EAST)

- single center trial

- 392 patients randomized and 458 non randomized patients

- 60% had double vessel disease and 40% had triple vessel disease

- excluded left main lesion, occluded vessels, and severe LV dysfunction

- results:
PTCA Surgery
Event mortality 1% 1%
3 year mortality 6.3% 7.1%
freedom from subsequent surgery 79% 99%
freedom from subsequent PTCA 60% 88%
Class I, II, 11l symptoms 20% 12%

-Conclusion: PTCA can be safely done but will require repeat procedures

B. Bypass Angioplasty Revascularization Investigation (BARI)

- largest trial ( 1829 patients ), followed for 5.4 years

- multicenter
- results:
CABG PTCA

Event mortality 1.3% 1.1%
Q-wave 4.6% 2.1%
Stroke 0.8% 0.2%
5 yr survival 89.3% 86.3%
Revascularization @ 5 yrs. 8% 54%
Diabetic's survival 80.6% 65.5%

C.RITA (United Kingdom)
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- single and multivessel disease, although 50% were single
- required complete revascularization and were more compulsive regarding
randomization
D. CABRI (Europe)
- need for surgery in one year in the PTCA group was 20%
E. GABI (Germany)
- need for surgery in one year in the PTCA group was 21%

Indications for PTCA
A. Nomenclature

1. Class I. : general agreement that PTCA is indicated, but not the treatment
2. Class II. : Divergence of opinion
3. Class Il1. : agreement that PTCA not indicated

B. Symptomatic patients

1. Class land Il :

a. amenable lesions
b. ischemic on maximal therapy
c. angina on maximal therapy
d. side affects of medical therapy
C. Asymptomatic patients
1. severe ischemia on testing
2. rescue from angina
3. in need of high risk surgery
D. Myocardial Infarction

1.Class land Il. :
a. AWMI with duration less than 6 hrs.
b. persistent pain within 12 hrs.

c. cardiogenic shock or continued ischemia following lytic therapy
2. Class I11. : following lytic therapy
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Coronary Artery Bypass
Indications
A. Stable angina
- Survival depends on all patient-specific risk factors, not just angina
- Class I/11 if there is significant 3-vessel disease and some LV dysfunction
- Class I/11 if there is significant 3-vessel disease, good LV function, and one or more
important proximal stenoses
- Class HI/1V if there is significant 3-vessel disease and sometimes 2-vessel disease,
regardless of LV function
- Left main stenosis at least 50%, even if asymptomatic
- 2-vessel disease with severe proximal LAD stenosis or some LV dysfunction
- Rarely indicated for single vessel disease

B. Unstable Angina

- Stabilize initially with medical therapy

- Same indications as for stable angina, but more urgent

- Strongest indications are 3-vessel disease, LV dysfunction, and angina at rest

C. Other Situations

- Angina after acute M1 has same indications; delay CAB for at least 1 week

- Emergent CAB for hemodynamic instability during acute M1 can salvage over 50% of
such patients

- Emergent CAB indicated if PTCA results in hemodynamic instability

Operative Technique

A. General strategy

- Goal is complete revascularization by bypassing all vessels with at least 50% stenosis
- Patency enhanced by grafting to larger vessels with good runoff

B. Vein graft preparation

- Avoid overdistension and spasm of the vein

- Multiple large varices render the vein unsuitable for grafting

- The vein should be untwisted, marked, and reversed for grafting

C. IMA preparation

- Begin dissection at 6th intercostal space

- Either a pedicle or skeletonized artery may be used

- Distal end not divided until just prior to anastomosis

- Avoid probing unless there is no bleeding from the cut end

D. Distal anastomosis

- Incise anterior wall of coronary longitudinally 4 to 6 mm

- Bevel vein end somewhat larger than coronary opening for most distal anastomosis
- Incise vein longitudinally 10-20% longer than coronary opening for sequential
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anastomosis
- Sutures run from inside to out on the coronary and outside to in on the vein graft

E. Proximal anastomosis
- Lateral openings on the aorta are preferred to protect the grafts during reoperation
- Bevel vein end somewhat larger than aortic opening

Reoperative CAB

- Avoid manipulating intact grafts

- Some recommend replacing all vein grafts older than 6 years

- Others recommend only replacing vein grafts that are occluded or stenotic

- Left thoracotomy with femoral CPB is useful in the setting of a functional IMA-LAD
graft

Vascular Anatomy

- CAD usually involves proximal portions of the 3 major arteries, particularly at branch
points

- The LAD and RCA are more often involved than the CX

- 40% of patients studied for symptoms will have significant stenoses in all 3 vessels

- 95% of patients with 1 completely occluded artery will have a significant stenosis in at
least one other artery

- 10-20% of patients with significant disease will have L main involvement

- Diffuse distal disease unsuitable for CAB is uncommon

Results

A. Survival

- Current hospital mortality is about 3%, most from acute cardiac failure

- 5-year survival is 88% and 10-year survival 75%

- IMA graft favorably affects the mid- and long-term survival (after 6 years)

- About 25% of all deaths after CAB are unrelated to ischemic heart disease or CAB

B. Risk factors for death

- Diminished LV function

- Unstable angina

- Acute hemodynamic instability after Ml
- Operation within 1 week of acute Ml

- Cardiogenic shock at time of operation

- Older age

C. Procedural risk factors for death

- Incomplete revascularization

- Nonuse of IMA to LAD

- Increased myocardial ischemic time
- Increased CPB time

- Earlier date of operation
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D. Freedom from angina

- About 60% of patients are free from symptoms at 10 years

- Late recurrence is due to vein graft occlusion or progression of native coronary disease
- Risk factors for return of angina are not as powerful as those for death

E. Freedom from MI

- Perioperative incidence is 2-5%

- b-year freedom is greater than 95% after CAB

- Survival is adversely affected by any post-CAB infarction

F. Freedom from sudden death

- Uncommon after CAB; 97% freedom at 10 years

- Poor preoperative LV function is the most significant risk factor for sudden death
postop

- Successful CAB does not affect the incidence of existing ventricular arrhythmias, as
most of these are due to scar

G. Neurologic events

- Up to 75% of patients may have subtle neurologic deficits in the perioperative period
- Gross neurologic defects occur in less than 1% of younger patients but up to 5% of
patients over age 70

H. Functional status

- Maximal exercise capacity is improved, particularly when complete revascularization
has been performed

- Systolic function in hypokinetic, akinetic and even dyskinetic areas can be improved
- A preop EF of 30% or less limits recovery of LV function after CAB

- Exercise testing at 2 weeks postop in most patients shows a normal rise in EF, a
normal increase in LVEDV, and the resolution of regional wall motion dysfunction.

Graft History

A. Vein grafts

- Intimal hyperplasia is a universal finding after one month, but is not progressive
- At 1 year, the graft diameter approximates the recipient coronary diameter

- 10% close within the first few weeks if antiplatelet therapy is not used

- 10-year patency is about 50-60%

- Most grafts have evidence of atherosclerotic changes at 10 years

B. IMA grafts

- Intimal hyperplasia also develops; the IMA is highly resistant to atherosclerosis
- 10-year patency is about 90%

- 5-10% develop late stenoses, but most of these do not progress to occlusion

- Controversy exist over its use as a sequential graft and for bilateral IMA grafting
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C. Other conduits

- Long-term patency not yet conclusive on gastroepiploic, inferior mesenteric, and
inferior epigastric arteries

- The free radial artery graft is being re-evaluated for long-term patency

Reintervention after CAB

- Most interventions are reoperative CAB, although PTCA used in about 25% of cases
- 90% of patients are free from reoperative at 10 years

- Vein graft stenosis is the most common cause for reoperation

- IMA grafting reduces reoperations and extends time to reoperation

- Overall risk for reoperative CAB is about twice that of first CAB

- 10-year survival after reoperative CAB is about 65%
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Chapter 17: Techniques of Myocardial Revascularization and Chapter 18: First
Operation for Myocardial Revascularization. Cardiac Surgery in the Adult (Edmunds).
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Randomized Studies of CAB

Comparisons Of Bypass Surgery With Medical Therapy

Trial Cooperative Patients Randomized

VA cooperative trial (VA) 686 1972-74

European cooperative surgical

study (ECSS) 768 1973-76

Coronary artery surgery study

(CASS) 780 1974-79
Survival

Severity of angina

Obijective evidence of ischemia

Instability of angina (crossover 20% 6 months, 50% 5 years)
Myocardial infarction

Severity of stenosis (L. main, 3 vessel, proximal LAD)

Left ventricular dysfunction

Age

Summary
Patients with single, double or triple vessel disease, good ventricular
function (>50%) and no exercise induced ischemia have a good
prognosis.
Improved survival is seen in patients with triple vessel disease, left
main disease and reduced ejection fraction (>35%, <50%) following
surgery.
Improved surgical survival is seen in patients with any two of the
following clinical risk factors: h/o hypertension, h/o myocardial
infarction, resting ST- T abnormalities.

Comparison Of Bypass Surgery With Angioplasty

The randomized interventional treatment of angina (RITA) - March
1993, Lancet (longest follow-up)
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The German Angioplasty Bypass Surgery Investigation (GABI) 1994 -
New England Journal

The Coronary Artery Bypass Revascularization Investigation (CABRI)

August 1993

Argentine Randomized trial of Percutaneous Transluminal Coronary
Angioplasty v/s coronary artery bypass surgery (ERACI) October

1993, JACC.

RITA TRIAL

Inclusion Criteria
Baseline Characteristics

Patients (n)
Early outcome
Death

Ml
Reintervention
Late outcome
Death

Ml

CABG

PTCA
Event-free survival
Symptom-free

GABI TRIAL

Inclusion Criteria
revascularization
Baseline Characteristics
Patients (n)

Early outcome
Death

Ml
Reintervention
Late outcome
Death

Ml

CABG PTCA
Symptomatic or asymptomatic SVD or MVD;
suitable for equivalent revascularization
Class 3-4 angina 59%; hx M1 43%);
3VD 12% > 3Rx 38%

501 510
------------------ In-hospital-------------------
1.2% 0.8%
2.4% 3.5%
------ 6.7%
------------------ 2-2.5 years------------------
3.6% 3.1%
5.2% 6.7%
0.8% 18.8%
3.2% 18.2%
89% 62%
78% 69%
CABG PTCA

Symptomatic MVD; suitable for complete

Class 4 angina, 19%; hx MI 50%; mean LVEF 56%

177 182
------------------ In-hospital-------------------
2.2% 1.1%

8.0% 2.7%

NR NR
--------------------- 1 year--------==-se-ceeuu--
2.8% 1.6%

8.0% 3.8%
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CABG 1.1% 23.0%
PTCA 4.5% 27.0%
Event-free survival 94% 58%
Symptom-free 80% 80%
CABRI TRIAL

CABG PTCA
Inclusion Criteria Symptomatic or asymptomatic MVD; LVEF > 35%
Baseline Characteristics Class 3-4 angina 66%; hx M1 42%; 3VD 40% > 3Rx
26%,

mean LVEF 63%
Patients (n) 513 541
Early outcome = —memeeeeeeeee 30 day------------=-------
Death 0.9% 1.7%
MI 2.9% 3.1%
Reintervention 1.6% 10.1%
Late outcome e 1 year -----------------—---
Death 2.1% 3.9%
MI 3.3% 2.9%
CABG 1.4% 20.2%
PTCA 7.2% 20.1%
Event-free survival 85% 60%
Symptom-free 91% 85%
ERACI TRIAL

CABG PTCA

Inclusion Criteria Symptomatic MVD; suitable for revascularization
Baseline Characteristics Class 3-4 angina; LVEF > 35%
Patients (n) 64 63
Early outcome e In-hospital-------------------
Death 4.6% 1.5%
MI 6.2% 6.3%
Reintervention NR NR
Late outcome = —ememememmeeeeee- 1 year----------------
Death 0% 3.2%
Ml 8% 3.2%
CABG 0% 18.0%
PTCA 3.2% 14%
Event-free survival 83.5% 63.7%
Symptom-free 90% 65%

Survival (older 3v disease, + 2v disease, - 1v disease)
Symptom free survival
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Incidence of myocardial infarction
Freedom from crossover to CABG after angioplasty (5 yrs - 25%)
Event free survival

For low risk patients with two vessel disease, angioplasty may provide modest
survival benefits relative to medical therapy.

In single vessel disease, the primary treatment choice is between medicine and
PTCA

Survival benefits of surgical revascularization are magnified on the absolute
scale by factors that increase overall medical risk, especially left ventricular
dysfunction and advanced age. These factors tend to increase procedural risks
but offer proportionately greater long-term benefits than can be expected with
medical treatment

Summary

The more extensive the coronary artery disease, the larger the benefit derived
from surgical revascularization

In the most severe forms of coronary artery disease (Left main, triple vessel)
bypass surgery provides the best long term survival results

In patients with two vessel disease, the higher the risk the more likely that
patient will have improved survival with bypass surgery (eg. impaired left
ventricular function, older age, co-existing vascular disease)

EXTENDED OUTLINE
Surgical Indications for Coronary Revascularization
I. Objectives of CABG

- relieve ischemia

- prolong survival

- prevent Ml..

- preserve LV function

- improve exercise tolerance

Il. Assessing CABG Candidates

- degree of symptoms

- associated medical problems

- evidence of reversible ischemia

- Documentation of abnormal coronaries
- LV function
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I11. Angina

A. Chronic Stable Angina defined as stable pain pattern for 4-6 weeks
B. Canadian Cardiovascular Society Classification

Class I. Angina: occurs with strenuous activity

Class 1. Angina: pain with rapid walk or climbing multiple stairs

Class Il Angina: pain with walking < 2 blocks on level ground @ a
normal pace or climbing one flight of stairs

Class IV. : pain with minimal activity or @ rest if it last < 15 min.

Unstable Angina: pain @ rest that last more than 15 min.

IV. Studies
A. General

1. three major studies of medical vs. surgical treatment
2. use of early CABG techniques

3. no LIMA

4. no wide spread use of cardioplegia

5. no postop antiplatelet therapy

B. VA Study (1970)

1. 686 patients
2. criteria

a. > 50% lesion in one or more vessel
b. graftable vessels
c. acceptable LV function

3. results:

a. 36 month survival was 87% in the medical group and 88%
in the surgical arm

1) patients with a left main lesions were the only
group to show a survival advantage with surgery

b. 7 year survival 70% with medical and 77% with surgical

d. beyond 7 years any survival advantage with surgery begins
to disappear except in patients with three vessel disease and
decreased LV function
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C. European Cooperative Surgical Study (ECSS)

1. 768 men, < 65 yrs old, > 3 month hx of angina, @ least 2 vessel
disease, and LV function > 50%
2. results:

a. survival @ 16 months was 93.5% in the surgical group and
84.1% in the medical group

b. survival advantage was greatest in patients with three
vessel disease, left main disease , or two vessel disease with a
proximal LAD lesion

3. Conclusion:

- symptomatic stable angina with left main , three vessel, or
two vessel disease including a proximal LAD lesion benefit
from surgery

D. Coronary Artery Surgery Study (CASS)

1. 2099 patients, 780 truly randomized the other chose their therapy

2. set out to answer the question which was the best therapy for
patients with minimal symptoms - most patients had class | and 11
angina

3. results:

a. survival @ 5 yrs was equal in medical and surgical groups
b. medical group had a 5%/ yr. conversion to surgery
c. increased survival @ 7 yrs for patients with decreased EF
and three vessel disease
4. Conclusion:
a. mild angina with an EF between 35 - 50%, and three vessel

disease had increased survival @ seven years
b. incidence of MI was the same in both groups

V. Indications for CABG
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1. failure of medical therapy
2. unstable angina
3. Left main disease
4. symptomatic three vessel disease
5. post infarction angina
6. acute M1 with shock
7. failed PTCA
8. reoperation for recurrent symptoms
9. congenital anomalies
10. Kawasaki's disease
A. Failure of medical therapy
- CASS:
- patients with three vessel disease and class Il - IV angina
had increased survival and decreased M1 @ 5 years regardless

of LV function
- patients with one or two vessels with decreased LV function

B. Unstable Angina

- surgery provides increased relief of symptoms, but no survival benefit
compared to medical therapy

C. Left main
- survival increased for 60% - 90% @ 4 yrs with surgery
D. 3 Vessel disease and decreased LV function
- VA and CASS studies support
E. Post-infarction Angina
- 5-10% incidence of MI with surgery
F. Acute MI with Shock

- mortality > 80% in all comers
- 30% mortality with surgery

G. Failed PTCA
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- incidence 3-4%
- 5% mortality
- 30-40% incidence of MI

H. Reop with recurrent symptoms
- factors associated with decreased reop survival
1. failure to use the LIMA

2. decreased age
3. incomplete revascularization

4. smoking
- Survival Syr. 10 yr.
first surgery 90% 75%
reop 80% 60%
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Combined Carotid & Coronary Disease

Coronary Surgery Carotid Stenosis > 50%
CABG 5-8%
CABG > 65 17%
CABG + Left main 50%

Risk Factors for Stroke Following CABG
Overall stroke risk 1-3.5%
Mural thrombi in the left ventricle
Atheromatous lesions in the ascending aorta
Air embolism
History of previous stroke
Carotid Artery Stenosis and CABG
Carotid stenoses are less of a risk factor for stroke with CABG because with
CPB:
Cerebral vascular resistance lowered
Hypothermia reduces brain metabolism and oxygen requirement
Hemodilution
Auto-regulation of cerebral blood flow is related more to flow than MAP
Indications for combined coronary and carotid procedures are limited
Indications for combined coronary and carotid artery procedures
Severe CAD: unstable angina, left main stenosis or 3 vessel CAD with
poor LV function and
An actively symptomatic carotid artery stenosis
Indications for Staged Operations for Coronary and Carotid Artery Disease
Significant 1, 2 or 3 vessel CAD requiring CABG in a patient with asymptomatic
high grade CAS with medically controlled symptoms
Patient with actively symptomatic carotid artery stenosis with stable angina and
adequate LV function
Combined Coronary and Carotid Artery Disease
Controversial Areas
Stable angina requiring CABG and coexistent asymptomatic high grade (>
80%) bilateral carotid stenosis
Redo CEA or CABG with coexistent lesions in the other vascular system
Operative Strategies for Combined Procedures
Ensure adequate exposure of neck in addition to chest and legs
Pre - bypass vs. on bypass CEA
After CEA, wound left open until systemic heparinization reversed
Results of Combined Procedures
Morbidity and mortality for patients requiring combined procedures is higher
than for either procedure alone
Mortality 4%
Post-operative stroke 9%
Peri-operative MI 6%
Therefore: Only 1-3% of patients requiring CABG or CEA will be candidates for
combined procedures.
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Myocardial Infarction
Acute Myocardial Infarction
Obstruction—> Thrombosis—> Occlusion
Ischemic injury prolonged—> Irreversible injury

Location and Size

Location and severity of obstruction
Size of vascular bed

O needs of myocardium

Collateral development

Coronary artery spasm

Tissue factors

Thrombotic and thrombolytic substances

Types of Infarction
Transmural
Acute coronary thrombosis
Localized zone of distribution
Subendothelial (non-transmural)
Coronaries narrowed but patent
Thrombotic occlusion—> thrombolysis
Increased oxygen demand and/or decreased oxygen delivery
Pulmonary embolism
Hypotension
Hypertension
Aortic stenosis
Anemia
Operative procedures
Cerebrovascular accident

Sites of Involvement
Most involve LV and interventricular septum
Up to 65% or IMI involve RV
Isolated RV in 3-5%
COPD
RVH
Pathology

Gross Changes

Time Changes

< 6 hours No change

> 6 hours Pale, bluish, edematous

18-36 hours | Tan, reddish purple

>48 hours | Gray, yellow lines at periphery

8-10 days | decreased wall thickness, coagulation necrosis

2-3 months | Thin, form scar
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Coronary Artery Thrombosis

Coronary atherosclerosis
Vasospasm

Plaque rupture

Platelet actuation

Coronary Atherosclerosis

Acute occlusion =Rapidity of development/Collateral circulation
Transmural
Subendocardial
None
Vasospasm
Increased Thromboxane A,
Plaque rupture
Ulceration
Fissure formation
Platelet activation
Adhesion—> aggregates—> increase Thromboxane A;
Decreased Fibrinolytic activity
Decreased tissue plasminogen activator

Collateral Circulation

Coronary occlusive disease
Chronic hypoxia

COPD

Anemia

Cyanotic CHF
LVH

Pathophysiology

Systolic Function
Infarcted area
Dyssynchrony
Hypokinesis
Akenisis
Dyskinesis
Non-infarcted areas
Hyperkinesis
Manifestations
Decreased diastolic compliance
Decreased ejection fraction (>15%)
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CHF (>25)
Cardiogenic shock (>40%)

Infarct Size Limitation

O, supply (coronary perfusion pressure)
O, demand (ventricular wall tension)
Oxygen Supply and Demand

Complications

Hypotension

Arrhythmias

Congestive heart failure

Hypoxemia

Anemia

Infections

Hypertension

Cardiogenic shock
Pharmacologic
Mechanical
Surgical- VSD, MR, Ventricular rupture

Reperfusion of infarction

Increased systolic function
Increased diastolic function
Decreased mortality

Treatment

Coronary thrombolysis
Angioplasty
Coronary Atery Bypass

Coronary Thrombolysis
Agents
Streptokinase
Plasminogen streptokinase activation complex (APSAC)
Tissue-type plasminogen activator (tPA)
Indications
Impending or evolving M1
3 hours of symptom onset
Heparin (bolus ==>infusion)
ASA
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Duration of Coronary Occlusion
Time from Onset of Sypmtoms

Contraindications

Recent trauma

Major surgery (6 weeks)
Gl bleeding (3 months)
Bleeding diathesis
Chronic liver disease
Allergy to thrombolytics
Stroke with residual
TIA (6 months)
Cerebral hemorrhage
Pregnancy

Angioplasty

Indications
Thrombolytic contraindicated
Thrombolytic unsuccessful
Extensive ischemia

Summary
Atherosclerotic coronary artery disease
Stenosis
Thrombosis
Vasoconstriction
Plaque disruption
Segmental disease
Endocardium—> epicardium
Irreversible injury >15-20 minutes occlusion
Maximal damage 4-6 hours
Best salvage 1-2
Size depends on collateral
Morbidity and mortality
O, supply/O.demand
RV infarct with inferior Ml

Selected Articles
Armstrong PW, Collen D. Fibrinolysis for acute myocardial infarction: current status and
new horizons for pharmacological reperfusion, part 2. Circulation. 2001 Jun
19;103(24):2987-92.
Armstrong PW, Collen D. Fibrinolysis for acute myocardial infarction: current status and
new horizons for pharmacological reperfusion, part 1. Circulation. 2001 Jun
12;103(23):2862-6.
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Cairns JA, Kennedy JW, Fuster V. Coronary thrombolysis. Chest.1998 Nov;114(5
Suppl):634S-657S.

White HD, Van de Werf FJ. Thrombolysis for acute myocardial infarction. Circulation.
1998 Apr 28;97(16):1632-46.

Hennekens CH, Albert CM, Godfried SL, Gaziano JM, Buring JE. Adjunctive drug
therapy of acute myocardial infarction--evidence from clinical trials. N Engl J Med. 1996
Nov 28;335(22):1660-7.

Latini R, Maggioni AP, Flather M, Sleight P, Tognoni G. ACE inhibitor use in patients
with myocardial infarction. Summary of evidence from clinical trials. Circulation. 1995
Nov 15;92(10):3132-7.

Patterson RE, Pilcher WC. Assessing myocardial viability to help select patients for
revascularization to improve left ventricular dysfunction due to coronary artery disease.
Semin Thorac Cardiovasc Surg. 1995 Oct;7(4):214-26.

Gott JP, Han DC. Surgical treatment of acute myocardial infarct: clinical considerations.
Semin Thorac Cardiovasc Surg. 1995 Oct;7(4):198-207.

Brown WM 3rd, Horsley WS, Gott JP, Bufkin BL, Guyton RA. Myocardial protection
for coronary artery bypass in patients with acute myocardial infarction: resuscitation of
ischemic myocardium. Semin Thorac Cardiovasc Surg. 1995 Oct;7(4):191-7.

Morris DC. Treatment of acute myocardial infarction by invasive cardiology techniques.
Semin Thorac Cardiovasc Surg. 1995 Oct;7(4):184-90.

Beyersdorf F. Protection of evolving myocardial infarction and failed PTCA. Ann Thorac
Surg. 1995 Sep;60(3):833-8.

Pitt B. Evaluation of the postinfarct patient. Circulation. 1995 Mar 15;91(6):1855-60.
Fuster V. Lewis A. Conner Memorial Lecture. Mechanisms leading to myocardial
infarction: insights from studies of vascular biology. Circulation. 1994 Oct;90(4):2126-
46.

Guyton RA. Aggressive intervention in acute myocardial infarction: A surgeon's
perspective. Sem Thorac Cardiovasc Surg 1995 7(4):174-5.

Gossage JR. Acute myocardial infarction. Reperfusion strategies. Chest 1994
106(6):1851-66.

Cohn LH. Surgical treatment of acute myocardial infarction. Cardiol 1989 76(2):167-72.

Sources for further reading

Textbook Chapters

Chapter 7: Stenotic Arteriosclerotic Coronary Artery Disease. Cardiac Surgery (Kirklin
and Barratt-Boyes), 2nd ed., 285-99.

Chapter 124: Indications for Nonsurgical Coronary Revascularization and Chapter 125:
Surgical Indications for Coronary Revascularization. Glenn's Thoracic and
Cardiovascular Surgery (Baue, Geha, Hammond, Laks, and Naunheim), 6th ed., 2067-
80.

Chapter 4, Section 2: Pathologic Considerations in the Surgery of Adult Heart Disease:
Ischemic Heart Disease . Cardiac Surgery in the Adult (Edmunds),
http://www.ctsnet.org/book/edmunds/.
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Post-infarct VSD

Morphological Features

Location: 60% anterior, 40% posterior

Associated with total occlusion coronary artery, few collaterals
Large loss of myocardium

My be multiple; staged appearance

Posterior VSD- can have MR

Late complication- aneurysm

Clinical Features & Diagnosis

Murmur, pansystolic, LLSB
(Also consider acute MR murmur)
Chest X-Ray- pulmonary venous hypertension, large pulmonary blood flow
ECHO- site, size, ?MR
Swan-Ganz- Qp:Qs >/= 2, hemodynamics
Cardiac catheterization (optional??)
Coronary angiography
Left ventriculography (only if condition permits)

Natural History

Occurence- 1-2% of Ml

(Decreased since thrombolytics)
Timing- 2-3 days post MI up to 2 weeks
Early death is common

Indications for Operation

Indication = presence of VSD

Timing
Urgent- for hemodynamic or end-organ decline
Delayed (2-3 weeks) - if stable

Operative Considerations

Urgency, IABP
Approached through LV
Patch technique
2 patches unless apical
Concomittant procedures
CABG
MV replacement
Aneurysm resection
Free wall perforation (especially posterior)
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Results or Repair

Survival: 35% early mortality
Functional status: good
Modes of death
50% CHF, acute
10% sudden death
5% CHF, chronic, intractable
CVA
Risk factors
Hemodynamic status & RV function preoperatively
Extent of myocardial necrosis
Posterior VSD >> anterior VSD

Post-Infarct Left Ventricular Aneursym

Definition
- an area of thin scar devoid of muscle that occurs after myocardial infarction. This area
is well-delineated and both walls bulge outward during systole.

Morphology

- The fibrous scar is transmural and delineated from surrounding myocardium
- Underlying endocardium is smooth and non-trabeculated

- The aneurysm is thin, devoid of muscle, and often large

- The walls are akinetic or dyskinetic during systole

- LVEF is usually depressed to 35% or worse

Pathophysiology

- Fibrous scar tissue develops in about one month after infarct

- Early aneurysms (7-10 days after infarct) are mostly necrotic muscle and therefore not
true aneurysms

- Overlying pericardium is usually adherent

- Mural thrombus is present in about 50%, but rarely produces thromboembolism

- Calcification of thrombus and/or pericardium is common

- The non-aneurysmal portion of the LV gradually increases in both volume and
thickness, resulting in depressed LVEF

Location
Anterolateral 85%
Posterior 5-10%
Lateral less than 5%

- 50% of posterior aneurysms are false aneurysms
- True posterior aneurysms are associated with post-infarct mitral insufficiency
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Clinical Features

- Small and moderate sized aneurysms often have no specific associated symptoms

- Classic presentation is history of previous Ml and CHF

- Ventricular arrhythmias are present in 15-30%, more often when the septum is involved
- Thromboembolism is infrequent

Diagnosis

- ECG: ST elevation, loss of R wave anteriorly, or evidence of previous infarction
- CXR: enlarged heart, may show convexity if aneurysm is large and profiled

- ECHO: demonstrates aneurysm, evaluates LV function and mitral insufficiency
- Catheterization: look for following features -

a) systolic akinesia or dyskinesia

b) permanent outward bulging

¢) thinning of wall

d) loss of trabeculations

e) clear demarcation of aneurysm area

f) concomitant CAD

g) segmental and global LVEF

h) presence of LV thrombus

i) presence and degree of mitral insufficiency

Natural History

A. Incidence

- 10-30% after significant myocardial infarction if untreated

- The incidence has been reduced by thrombolytic therapy, HTN control, and avoidance
of corticosteroids

- The aneurysm evolves over 6 months and is unlikely to enlarge after 1 year

B. LV function
- There is global cardiac remodeling and dilitation
- Systolic efficiency is reduced due to paradoxical movement of the aneurysm

C. Survival (non-operative)

- Larger size of the aneurysm is a risk factor for premature death

- With small aneurysms, survival is related to concomitant CAD risk factors rather
than the aneurysm

- The prognosis is poorer with dyskinesia and poor function of the LV

Function 5-year survival
Akinesia 69%
Dyskinesia 54%
Dyskinesia 36%
+ poor LVEF
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Operative Indications
- Large aneurysm, with or without symptoms (angina, CHF)
- Recurrent ventricular tachycardia
- Risk of late rupture
- Evidence of thromboembolism
- A small aneurysm may be a possible indication when undergoing concomitant cardiac
procedure
- Avoid operation with diffuse hypokinesis and no discrete aneurysm
- Patients with severe LV dysfunction may be candidates for transplant

Operative Technique

A. Basic Considerations

- Avoid clot dislodgement and thoroughly remove all thrombus
- Remove all LV free wall that has smooth endocardium

- Excise entire aneurysm, leaving thin rim of scar for closure

B. Methods

- Incise anterior aneurysm longitudinally and preserve LAD if possible

- Incise posterior aneurysm along long axis, avoiding papillary muscle

- Objective is to preserve geometry and maintain LVEF

- Classic linear closure does cause some distortion and is best used for small or apical
aneurysms

- Remodeling ventriculoplasty (Dor repair) uses patch to recreate wall architecture and
is probably the optimum repair

- Additional procedures as indicated (CAB, arrhythmia surgery)

Results

A. Symptoms

- Symptomatic improvement occurs in most patients

- Paradoxical wall movement is usually eliminated in the border zones

- Symptomatic improvement is not always associated with improved LV function
- Most evident in patients with preoperative CHF

B. Operative Mortality

- About 5%, most from acute cardiac failure
- Preoperative risk factors:

1) residual untreated CAD

2) resting LV dysfunction

3) chronic CHF

4) ventricular tachycardia

5) reduced cardiac output

6) elevated LVEDP

7) decreased septal systolic function
8) poor NYHA class

9) poor segmental wall motion
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C. Late Mortality

- 65% 5-year survival; particularly evident in patients with 3-vessel disease
- One-third die from progressive CHF

- One-third die from another myocardial infarction

- Ventricular arrhythmias and sudden death in 15%

Special Situations

A. Pseudoaneurysm

- Develops after acute rupture of contained area

- Usually fatal, but hemopericardium can be small and contained

- Small neck distinguishes this from large, wide neck of true aneurysm

- The wall consists of pericardium and adhesions and gradually expands
- More often located posteriorly or laterally

- More likely to rupture than true aneurysm

- Resection is indicated when the diagnosis is made

B. Post Infarct Free Wall Rupture

- Occasionally massive with sudden death from exsanguination

- Usually a more gradual process of dissection through the myocardium
- Sudden death then occurs from pericardial tamponade

- Surgical salvage is possible if LV has good function

C. Congenital Left Ventricular Aneurysm

- Very rare

- Long, finger-shaped projection projects into epigastrium
- Rupture is not uncommon; can be excised without CPB

D. Traumatic Left Ventricular Aneurysm
- Severe localized contusion causes probable pseudoaneurysm
- Should be resected due to thin wall and propensity to rupture

Selected Articles

Komeda M and David TE. Surgical treatment of postinfarction false aneurysm of the
left ventricle. Journal of Thoracic and Cardiovascular Surgery 1993 106(6):1189-
91.Cooley DA. Ventricular endoaneurysmorraphy; A simplified repair for extensive
postinfarction aneurysm. Journal of Cardiac Surgery 1989 4(3):200-5.A great how-to
article with excellent illustrations. The patch is tailored to conform to the normal LV
volume.

Sources for further reading

Textbook Chapters

Chapter 8: Left Ventricular Aneurysm. Cardiac Surgery (Kirklin and Barratt-Boyes),
2nd ed., 383-402.
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Diseases of the Aorta & Aortic Surgery

Acute Aortic Dissection
Definition
Dissection of the aorta is an event that results in the separation of the layers of the
media by blood, producing a false channel with variable proximal and distal
extension.

Etiology

- Cystic medial necrosis - 20%

- Marfan syndrome - 20-40%

- Other causes: hypertension, bicuspid aortic valve/aortic stenosis, atherosclerosis,
coarctation, pregnancy, trauma, aortic cannulation, aortic cross-clamping, cardiac
catheterization

Morphology

- Blood leaves the normal aortic channel through intimal tear, rapidly dissecting through
the media to produce a false channel

- The intimal tear is sometimes absent; possible rupture of vasa vasorum with medial
hemorrhage

- Usually the dissection proceeds distally; 38% dissect proximally and 10% in the
transverse arch

- Dissection may shear off or extend into branch arteries

- False channel characteristics:

1) Thickens and gradually enlarges with time

2) May interrupt blood supply of branches by ext ernal compression

3) Outer wall thin - media + adventitia

4) May rupture to pericardium or pleural space

5) May thrombose

Classification
- Acute = less than 2 weeks, chronic = greater than 2 weeks

DeBakey | Ascending + arch Stanford A
DeBakey 1 Ascending only Stanford A
DeBakey llla Descending only Stanford B
DeBakey IlIb Descending + abdom Stanford B

Clinical Features
1) Severe pain - tearing, interscapular, precordial, neck, migrating, persisting

2) Signs of occlusion of major vessel
- Arch - stroke, syncope

- Intercostal - paraplegia

- Renal - oliguria-anuria

- lliac - ischemic leg
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3) Sudden death
- Rupture to pericardium, pleural, peritoneal space
- Shear off coronary artery

4) Hypovolemic Shock

- Blood in periaortic tissues

- Acute aortic valve insufficiency
- Cardiac tamponade

Diagnosis

1) Imaging

- Chest X-ray - widened mediastinum, cardiomegaly, pleural effusion, intimal
calcification seperated more than 6mm from the edge

- Echo - identifies intimal flap/false channel, noninvasive, no contrast media, performed
at bedside

- TEE is best for the descending aorta; TTE best for the ascending aorta and arch

- Aortography - conventional method of diagnosis (gold standard), shows origin of
arteries from true or false lumen

- CT Scan - identifies intimal flap rapidly, requires contrast media

- MRI - multiple planes, cine for Al

2) Main points of interest

- Involvement of the ascending aorta

- Location of the intimal tear

- Status of perfusion in the major branches
- Size of the aorta and presence of Al

- Extent of the false lumen

- Pericardial effusion

Treatment Overview

- Type A and complicated type B dissections are managed surgically

- Uncomplicated type B dissections are managed medically

- The goals of surgical therapy are to prevent extension, excise the intimal tear, and
replace the segment of aorta which is susceptible to rupture

- The goals of medical therapy are to prevent extension, control blood pressure, and
relieve pain

Treatment - Ascending Aorta

- Immediate operation is indicated because rupture is likely

- Contraindications: ? advanced age, incurable coexisting disease, paraplegia

- Note: new stroke may resolve, not a contraindication

- Replace ascending aorta and the aortic valve if insufficient; the valve may be worth
preserving if normal

- Replace arch if false channel leaking or site of tear
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- Operative strategy (elephant trunk)

1) Use circulatory arrest if indicated

2) Incise in a longitudinal fashion, avoiding the phrenic and recurrent nerves

3) Follow the dissection from inside the aorta to determine extent and remove
damaged intima and media

4) Invert the graft into the distal aorta and approximate only the aortic adventitia to the
inside of the graft

5) Pull the graft out and anastomose the arch vessels as a group

6) Once the distal repair is completed, the proximal portion can be performed off

pump

Treatment - Descending Aorta

1) Medical treatment indicated unless complications of dissection have occurred
- NTP + beta-blocker to maintain normal blood pressure

- 80% survive 1 year

- Close follow-up required, 50% die in 3-5 years

2) Complications dictate immediate operation (interposition graft or fenestration)
- Hemothorax, persisting pain, limb ischemia, acute renal failure, paraparesis
(malperfusion syndrome)

- Paraplegia NOTan indication for operation because not likely to resolve

Results After Operation

1) Early (hospital) death

- Ascending aorta - 5-10% (up to 30%)
- Arch - 10-25% (up to 50%)

- Descending - 10% (up to 25-60%)

2) 10 year survival - 46%
- 1/3 late death related to residual old false channel or redissection

3) Aneurysm of false channel
- Uncontrolled hypertension - 50%
- Controlled blood pressure - 10-20%

4) Redissection - 10% (Marfan higher)
Selected Articles

Fann JI, Smith JA, Miller DC, Mitchell RS, Moore KA, Grunkmeier G, Stinson EB, Oyer
PE, Reitz BA, Shumway NE. Surgical management of aortic dissection during a 30-year
period. Circulation 1995 92(9 Suppl):11113-21.
This series of 360 patients covers surgical repair of both acute and chronic
dissections. Operative mortality rates have remained essentially the same and
long-term outcome remains fair.
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Kitamura M, Hashimoto A, Akimoto T, Tagusari O, Aomi S, Koyanagi H. Operation
for type A dissection: introduction of retrograde cerebral perfusion. Annals of Thoracic
Surgery 1995 59(5):1195-9.
Kitamura M, Hashimoto A, Tagusari O, Akimoto T, Aomi S, Koyanagi H. Operation
for type B aortic dissection: introduction of left heart bypass. Annals of Thoracic
Surgery 1995 59(5):1200-3.
This pair of articles presents two modalities which may improve results for aortic
dissection, as evidenced by actuarial survival analysis. 5-year survival was
estimated at 92% for type A patients and 80% for type B patients.
Rizzo RJ, Aranki SF, Aklog L, Couper GS, Adams DH, Collins JJ Jr, Kinchla NM,
Allred EN, Cohn LH. Rapid noninvasive diagnosis and surgical repair of acute
ascending aortic dissection. Improved survival with less angiography. Journal of
Thoracic and Cardiovascular Surgery 1994 108(3):567-74.
This paper compares evaluation using angiography and CT or echo; the second
group of patients had lower mortality. Noninvasive means may expedite surgery
and decrease the risk of rupture; the authors discuss the significance of coronary
artery disease in these patients.
Crawford ES, Kirklin JW, Naftel DC, Svensson LG, Coselli JS, Safi HJ. Surgery for
acute dissection of ascending aorta. Should the arch be included? Journal of Thoracic
and Cardiovascular Surgery 1992 104(1):46-59.
In this statistical analysis of 82 patients, the authors compare survival with and
without arch repair. Predicted 10 and 20 year survival was 61% and 39% without
arch repair and 48% and 31% with arch repair.
Schor JS, Yerlioglu ME, Galla JD, Lansman SL, Ergin MA, Griepp RB. Selective
management of acute type B aortic dissection: long-term follow-up. Annals of Thoracic
Surgery 1996 61(5):1339-41.
This ten-year series of patients compares early operative intervention and
nonoperative management of type B dissection. 5-year actuarial survival was
68% for the operative group and 87% for the nonoperative group.

Sources for further reading
Textbook Chapters
Chapter 33, Part IV:Thoracic Aortic Aneurysms and Aortic Dissection. Surgery of the
Chest (Sabiston and Spencer), 5th ed., 1182-1209.
Chapter 53: Acute Traumatic Aortic Transection and Chapter 54: Acute Aortic
Dissection. Cardiac Surgery (Kirklin and Barratt-Boyes), 2nd ed., 1701-1748.
Chapter 138: Dissections of the Aorta. Glenn's Thoracic and Cardiovascular Surgery
(Baue, Geha, Hammond, Laks, and Naunheim), 6th ed., 2273-2298.
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Aortic Aneurysms
Morphology
- Atherosclerotic (degenerative) aneurysm: most common cause (1/2) of localized aortic
enlargement
- Chronic aortic dissection: persistent false channel of outer media and adventitia
gradually enlarges
- Chronic traumatic aortic transection: false aneurysm contained only by aortic
adventitia
- Annulo-aortic ectasia: aneurysmal dilation of sinuses of Valsalva (Marfan, cystic
medial necrosis)
- Aortitis: granulomatous or syphilis

Location

Ascending aorta 45%
Arch 10%
Descending thoracic 55%
Thoracoabdominal 10%
Symptoms

- Usually asymptomatic

- Pain implies sudden extension or rupture of aneurysm
Ascending aorta - neck, jaw
Descending aorta - back, inter-scapular
Thoracoabdominal aorta - low back
- Compression of adjacent structures
SVC syndrome
Hoarseness, laryngeal nerve

Associated Atherosclerotic Disease

Coronary arteries 16%
Cerebrovascular 10%
Peripheral vascular 10%
Abdominal aortic aneurysm 10%
Diagnosis

- Chest X-ray - enlarged aortic shadow

- Aortography - most valuable for assessment of aorta proximal and distal to aneurysm
- Echocardiography - is useful in the assessment of aortic valve function and can
demonstrate an intimal flap.
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- Computed axial tomography - real size of aneurysm and relation to adjacent structures
- Magnetic resonance imaging - multiple planes possible, cine loop

Natural History

- Aortic aneurysms enlarge, eventually rupture (74%)

- Large aneurysms(>6 cm) tend to rupture

- Symptoms herald rupture (2 years)

- Aneurysm with chronic dissection have worst prognosis

Operations - Ascending Aorta and Arch

- Conventional cardiopulmonary bypass is utilized

- Aortic valve replacement with valved conduit (Bentall procedure)or repair/resuspension
if feasible

- Arch anastomosis by tailoring or arch vessel reimplantation

- Reimplant the coronary arteries as buttons

- Do not cover the graft, as this will increase the risk of false aneurysm

- Elephant trunk

- Cerebral perfusion antegrade ? retrograde

- Deep hypothermia - circulatory arrest

Operation - Descending Thoracic Aorta

a) Clamp and go is the traditional method

b) Incise the aneurysm to work inside

c) There are many approaches to protect the spinal cord and kidneys, including:

- NTP and spinal fluid drainage are somewhat controversial

- LV or ascending aorta to descending aorta shunt (Gott)

- LA to femoral artery bypass

- Femoral-femoral cardiopulmonary bypass

- Deep hypothermia and circulatory arrest may be the most controlled approach

d) The proximal anastomosis should be precisely matched to the aorta

e) Reattach the intercostal arteries as an island; this is particularly important in the distal
portion of the repair

f) The distal anastomosis may be fashioned either end-to-end or as an elephant trunk

Operation - Thoracoabdominal Aorta

a) Spinal cord and renal protection are essential

b) Hemorrhage remains a challenging problem

c) Thoracoabdominal incision with a retroperitoneal approach

d) There are also various approaches to these aneurysms:

- Clamp and go with or without heparinization

- Deep hypothermia with circulatory arrest

e) Reimplant the visceral and intercostal-lumbar arteries when involved
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Results

Death (hospital) - bleeding, neuro, Ml

Ascending aorta 4-10%
Arch 5-50%
Descending 5-15%
Thoracoabdominal up to 50%
Survival - new aneurysm, CHF, renal

5 years 60%

10 years 40%

Crawford ES and Coselli JS. Thoracoabdominal aneurysm surgery. Seminars in Thoracic
and Cardiovascular Surgery 1991 3(4):300-22.
This excellent article is exhaustive in its scope, with plenty of angiograms and
accompanying illustrations of how to perform the various operations. This issue
of Seminars is the second in a two-part series on aortic surgery, and has articles
on proximal aortic surgery, descending aortic surgery, and trauma, among
others.

Heinemann MK, Buehner B, Jurmann MJ, Borst HG. Use of the "elephant trunk"
technique in aortic surgery. Annals of Thoracic Surgery 1995 60(1):2-6.

This technique was used in 72 patients mostly for aortic aneurysm and chronic
dissection. Distal repair was completed in a staged fashion; there is discussion of
several technical modifications and results.

Coselli JS, Buket S, Djukanovic B. Aortic arch operation: current treatment and results.
Annals of Thoracic Surgery 1995 59(1):19-26.

An impressive series of 227 patients, most of which had arch aneurysm or chronic
dissection. A variety of techniques were used, including elephant trunk, arch graft
replacement, and patch repairs; all patients had circulatory arrest during
transverse arch repair.

Ergin MA, Galla JD, Lansman SL, Quintana C, Bodian C, Griepp RB. Hypothermic
circulatory arrest in operations on the thoracic aorta. Determinants of operative
mortality and neurologic outcome. Journal of Thoracic and Cardiovascular Surgery
1994 107(3):788-97.

Another large series of patients (200) which reveals a temporary neurologic
dysfunction of about 20% and a stroke rate of 11%. Neurologic events were
correlated with advanced age and atheromatous aorta but not with circulatory
arrest (if less than 60 minutes).

-75-



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1793767&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7598596&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7598596&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7598596&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7818321&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8127108&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8127108&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8127108&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8127108&dopt=Abstract

Lecture Notes of Cardiovascular & Thoracic Surgery

Part I11: Adult Cardiac Surgery

Stone CD, Greene PS, Gott VL, Frank S, Williams GM. Single-stage repair of distal
aortic arch and thoracoabdominal dissecting aneurysms using aortic tailoring and
circulatory arrest. Annals of Thoracic Surgery 1994 57(3):580-7.

This approach involves graft replacement of the proximal descending and
infrarenal portions of the aorta. The midportion of the descending aorta is
retained, longitudinally incised, and primarily repaired.

Sources for further reading
Textbook Chapters
Chapter 33, Part IV:Thoracic Aortic Aneurysms and Aortic Dissection. Surgery of the
Chest (Sabiston and Spencer), 5th ed., 1182-1209.

Chapter 55: Chronic Thoracic and Thoracoabdominal Aneurysm. Cardiac Surgery
(Kirklin and Barratt-Boyes), 2nd ed., 1749-1777.

Endovascular Surgery of The Aorta

Indications

Endovascular stent grafts (ESG) in the treatment of acute aortic complications, such as
acute dissection type B, penetrating ulcer and traumatic aortic rupture

The clinical and anatomic indication criteria were as follows:

1. Presence of an acute or chronic type B aortic dissection (or its variants, intramural
hematoma and penetrating ulcer) complicated by untreatable pain, rupture, or
expansion plus a distance of at least 1 cm between the initial dissection and the left
subclavian artery (LSA);

2. presence of a true aneurysm of the thoracic aorta with a diameter of at least 5.5 cm
or a complicated (contained rupture, persistent pain, ischemia) aneurysm plus a
distance of at least 1 cm between the initial dilation and the LSA,

3. presence of proximal and distal necks with diameters of up to 30 mm for the
anchoring of the prosthesis.

4. peripheral vascular access allowing the introduction of a stent-graft.

The potential advantages of ESG are related to its minimally invasive approach to the
thoracic aorta: A femoral or iliac arterial cutdown is performed without thoracotomy
or aortic clamping and there is no need for full heparinization, thus eliminating major
bleeding complications that may occur after open surgical procedures. This less
invasive approach advocates this treatment modality especially for patients, who are
unsuitable for conventional surgery due to their chronic comorbidities or acute
hemodynamic instability. Thus, in the high risk setting of acute aortic syndromes,
endoluminal repair emerged as a new therapeutic strategy which is yielding
encouraging results.
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Penetrating aortic ulcers result from progressive erosion of atheromatous plaques
perforating the internal elastic lamina. Penetrating ulcers are considered a
predisposing condition for aortic dissection and spontaneous rupture. As penetrating
ulcers are associated with comorbidities like hypertension, peripheral or coronary
artery disease and chronic renal insufficiency, patients are often not eligible for
conventional surgical repair. In the case of traumatic aortic dissections, the patients
often present with multiple injuries and therefore open repair is a high risk procedure
because of bad overall condition or the need of systemic heparinization.

Contraindications

The first successful endovascular stent graft (ESG) treatment of abdominal aortic
aneurysms described by Parodi et al. in 1991 prompted the investigation by various
groups into the feasibility of endovascular thoracic aortic aneurysm repair.

Endovascular procedure. All endovascular procedures were performed in an angio-
suite by a team of cardiovascular surgeons and interventional radiologists. with
general anesthesia or spinal anesthesia. For vascular access the femoral artery or the
iliac artery. A six French pig-tail catheter was advanced over the left brachial artery
into the ascending aorta to allow intraprocedural angiography. An angiography with
an automatic injector was performed to localize precisely the primary entry site in
patients with acute type B dissection or traumatic dissection or the site of contained
aortic perforation. Thereafter, a pig-tail catheter was introduced from the femoral or
iliac artery into the ascending aorta. The catheter was advanced under angiographic
control in a stepwise manner to confirm introduction into the true lumen. Over the pig-
tail catheter an extra-stiff guidewire (Backup Meier, Boston Scientific, Natick, MA)
was placed into the ascending aorta. Prior to stent graft insertion, 5000 IU of heparin
sodium was administered intravenously and antibacterial medication was given
routinely. Next, the delivery system was introduced through the true lumen and was
carefully advanced into the optimal position under fluoroscopic guidance. After
correct positioning of the device, the stent graft was deployed. Finally, an angiogram
was performed to confirm the position of the device relative to the entry tear of
perforation site, to evaluate patency of the left subclavian artery and blood flow in the
visceral arteries and to verify the effectiveness of the stent grafting. Thereafter the
placement system was removed and the arteriotomy was closed in the conventional
manner.

Stent graft systems

Two different stent graft systems are available :

The GORE Thoracic Excluder Endoprothesis (W.L. Gore and Associates, Sunnyvale, CA)
TALENT endoluminal stent graft system (Medtronic, Sunrise, FL).

The so-called "penetrating ulcer" is another important indication for placement of ESG.
Patients presented with hemoptysis indicating aortic rupture with an aorto-bronchial
fistula. Although most of the patients with penetrating ulcers have a heavily calcified
aorta, the critical aortic lesion is limited to a small area . Therefore, sealing of the
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penetrating atherosclerotic plaque using a short stent graft is suggested to be an effective
and feasible method, and an excellent alternative to conventional open surgery

The objective of ESG in patients with acute type B aortic dissection is the closure of the
primary entry tear leading to decompression of the true lumen followed by improved
distal perfusion. Stabilization of the injured thoracic aorta by ESG placement is an
additional goal of the procedure with the intention to prevent late aneurysm formation.
Therefore, most patients with type B dissections received two stent grafts. This
stabilization of the thoracic aorta may help to minimize the risk of rupture even in the so-
called uncomplicated dissections. However the proximal and mid-portion of the thoracic
aorta, being the regions most prone for dilatation, are protected by ESG placement.

Thoracic aortic aneurysms and dissections are associated with high morbidity and
mortality rates both with medical and surgical management. There is no doubt about the
superiority of surgical therapy in the treatment of type A dissections. Type B dissection is
usually treated medically, with surgery indicated for serious complications. The
association of old age and comorbidities observed in this subset of patients justify
medical management for this basically surgical condition. Our experience shows that
some patients develop acquired pathologies such as reentry tears, visceral artery
obstructions, or expansion of the false lumen, which lead to a thoracoabdominal surgical
approach shortly after discharge. This was the main reason that led us to propose that the
elephant trunk principle, described by Borst and associates to treat true aneurysms, should
be applied to this condition. Having obtained satisfactory results in this initial series of
complicated patients, some surgeons began to recommend surgery even for
uncomplicated cases of type B dissection during the acute phase.

To that end, some developed self-expandable stents that were placed through the aortic
arch under conditions of deep hypothermia and circulatory arrest. This learning curve was
fundamental to the subsequent development of self-expandable stents inserted through the
femoral artery, as originally proposed by Parodi for the treatment of abdominal
aneurysms.

In chronic type B dissections, it is common to detect distal reentry tears, usually around
the left renal artery, iliac arteries, or in the transition between the thoracic and abdominal
aorta. In this situation, we treat only the descending aorta tears. The fate of this
incomplete correction is not known. It is possible that the pressure in the false lumen can
be reduced by treating the proximal tears.

The self-expanding endoprosthesis used in all the cases is composed of a stainless steel
cylindrical framework, made in Z segments, covered with polyester, with variable
diameter and length (Braile Biomedics of Sao Jose do Rio Preto, Sao Paulo, Brazil;).
Such structure is compressed in a releasing catheter of polytetrafluoroethylene varying
the final caliber of the device from 20F to 24F. The selected prosthesis had a diameter
10% to 20% larger than the diameter of the proximal neck.

The procedure was conducted exclusively in the cardiac catheterization laboratory, under
local or general anesthesia, with surgical backup (on stand-by). The vascular access to
introduce the prosthesis was through surgical exposure of the femoral artery, and the
vascular access for angiographic control was obtained by puncture or dissection. Besides
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an anesthesiologist, the team performing the procedure always comprised at least one
heart surgeon and an interventional cardiologist. A routine antibiotic prophylaxis with
cefazolin for 48 hours is shosen. Heparin is administered 5,000 U intravenously.
Hypotension (mean arterial pressure of 50 to 60 mm Hg) with sodium nitroprusside was
achieved before unloading the stentand immediately stopped after it.

Risk score definition
The seven characteristics and their respective scoring are as follows:

1.

Criteria for complying with the anatomic protocol: fits all the criteria, 0 points (ie,
proximal neck < 30 mm, single opening, not overly tortuous, perfect identification
of the lesion); neck between 30 and 34 mm, 3 points; multiple openings to be
covered, 3 points; overly tortuous access to the lesion, 3 points; inability of
angiography to identify the lesion, 5 points; more than one criterion for anatomic
exclusion, 5 points.

Etiology of the lesion: dissection variants, 0 points; type B dissection, 1 point;
other etiologies, 2 points.

Treating the lesion requires passing part of the endoprosthesis through the aortic
arch: no, 0 points; yes, 3 points.

Distance between the branching of the left subclavian artery and the beginning of

the lesion: > 2 cm, O points; 0.5 cm and 2 ¢cm, 2 points; < 0.5 cm, 4
points.

Angle between the arch and the descending thoracic aorta less than 90°: no, O
points; yes, 2 points.

Presumed need for more than one stent to cover the lesion: no, 0 points; yes, 2
points.

Clinical variables: no sign of instability, 0 points; ruptured aneurysm, contained, 2
points; acute renal insufficiency secondary to the dissection, 2 points; recovery
from cardiac and respiratory arrest or hypotension less than 90 mm Hg, 4 points;
serious abdominal or lower limb ischemia, 5 points.

Complications: Complications of endovascular grafts

CoNor~wNE

Inability to position or deploy graft.

Endoleak. Aneurysm rupture.

Rupture or Dissection of the access iliac artery.
Paraplegia.

Stroke.

Infection.

Migration of the prosthesis. 3% to 4%.
Biologic Response.

Peripheral emboli.

. Post-Implantation Syndrome.

. Thrombosis of the graft or graft limb.

. Changing morphology of aneurysms.

. Ischemia of the bowel of buttocks.

. Cardiac and other medical complications.
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The Pericardium and Tamponade
Definition
Pericardial disease can be divided into constrictive pericarditis and effusive pericarditis.
Constrictive pericarditis involves thickening of both the fibrous and serous layers of the
pericardium. Effusive pericarditis is the accumulation of fluid within the pericardial sac.
Both entities are the result of inflammatory processes, may present acutely or have a
chronic course, and produce a varying degree of cardiac compression.

Mechanisms of Cardiac Compression

A. Acute Tamponade

- Pericardial pressure is normally subatmospheric and becomes more negative during
inspiration

- Transpericardial pressure is highest at end diastole, when ventricular volume is greatest
- The pressure-volume curve for the pericardium rises steeply after a certain volume is
exceeded, so that removal of small amounts of fluid will result in significant reduction in
pressure

- A rapi d increas e i n intrapericardial fluid produces acute tamponade, with pressures
reaching 20-30 mmHg

- Systemic venous pressure rises, heart volumes are reduced, and systemic arterial
pressure falls = Beck's triad

- This compression also causes pulsus paradoxus, which is a decrease in arterial pressure
of more than 10 mmHg during inspiration

- The x descent is accentuated, but the y descent is flattened or absent, as cardiac filling is
severely restricted during diastole

B. Chronic Constrictive Pericarditis

- The fibrous envelope reduces end-diastolic volume and causing inadequate preload

- The right ventricular pulse wave during diastole demonstrates an early drop followed
by a high plateau = square-root sign

- Mean venous pressure is elevated and the x and y descents are steep and deep

- Pulsus paradoxus is infrequent and may be difficult to detect in the setting of atrial
fibrillation

- Systolic left ventricular function is preserved, but the heart may still have impaired
contractility

C. Chronic Effusive Pericarditis

- The increased fluid volume presents initially as acute tamponade

- Pericardial fluid drainage, however, does not resolve the compression, as the
thickened pericardium continues to restrict diastolic filling

- Like chronic constrictive pericarditis, the y descent is steep and deep, and pulsus
paradoxus is infrequent

CHRONIC CONSTRICTIVE PERICARDITIS

Pathophysiology
A. Morphology
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- Inflammation affects both the parietal and visceral pericardium

- The pericardial space accumulates both fluid and fibrinous deposits

- Both layers of the visceral pericardium eventually fuse, and the heart is surrounded by a
thick fibrous envelope

- This entire process may calcify and become adherent to the underlying myocardium

B. Etiology

- In most patients, the underlying cause is unknown

- 10% have progression of acute pericarditis

- Less than 5% of cases are the result of cardiac surgery, and the time interval is widely
variable

- Other causes include mediastinal radiation, rheumatoid disease, sarcoidosis,
tuberculosis, and trauma

C. Natural History

- Factors affecting disease progression and development of symptoms are incompletely
known

- Atrial fibrillation is a common occurrence and causes sudden clinical deterioration

- When ascites is present, progression is more rapid

Clinical Presentation

- Symptoms are classically delayed for several years after the initial episode of acute
pericarditis

- Fatigue, dyspnea on exertion, and jugular venous distension are early symptoms

- Hepatomegaly, ascites, and peripheral edema are late findings, but dyspnea at rest and
orthopnea are not common

- On examination, there may be systolic retraction and a pericardial knock (produced by
rapid ventricular filling in early diastole

Diagnosis

- Protein-losing enteropathy may be present, with severe hypoproteinemia

- CXR demonstrates pericardial calcification in about 40% of patients and suggests
compression in about 60%

- EKG will show non-specific ST-T changes in the majority of patients; some will have a
low QRS voltage or atrial arrhythmia

- Echocardiography is most useful in acute tamponade, but can be helpful in assessing
restrictive disease

- CT and MRI can identify thickened pericardium, but give little additional information
- Catherization characteristically shows equal end-diastolic pressures in the right atrium,
pulmonary artery, and left atrium

- Rapid infusion of volume can reproduce these features if catheterization findings are
equivocal

- A small anterolateral thoracotomy for pericardial biopsy can be used to distinguish
between constrictive pericarditis and restrictive cardiomyopathy
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Indications for Operation

- Diagnosis is a general indication

- Patients with minimal physiologic alteration and serious concomitant disease may be
delayed until more significant pericardial symptoms develop

- Patients with radiation-induced pericarditis should only undergo operation when
symptoms are advanced

Operative Technique

A. Left anterolateral thoracotomy

- Dissect off phrenic nerve and incise pericardium through area of minimal calcification
over left ventricle

- Create longitudinal incision anteriorly and posteriorly

If a pericardial space is present:

- An anterior pericardial flap is developed as far as the right AV groove and resected
- A posterior flap is developed far posteriorly and excised

- Care must be taken to resect bands off the pulmonary trunk to prevent postoperative
RV hypertension

- Any fibrous plaques adherent to the eipcardium are now resected

- If the epicardium is thin, it should not be disturbed; if thickened, it should be either
removed entirely or in a number of areas

If no pericardial space is present:

- Deepen the longitudinal incision over an area of myocardium

- Carefully dissect flaps, leaving islands of scar and calcification attached to the
myocardium where dissection is not possible

- Retain long flaps until dissection is complete to help control bleeding

- Care must be taken over the coronary vessels, and plaques may be left undisturbed
here

B. Median sternotomy

- Cardiopulmonary bypass may be used and may be most convenient through the
femoral vessels

- The pericardium is opened vertically and flaps dissected in a similar manner

- The pericardial flaps are excised about 1 cm anterior to the phrenic nerves, and
dissection resumed posterior to the nerves

- The outer pericardial layer may then be seperated from the pleura which contains the
phrenic nerves

Results

- Hospital mortality is about 5%

- Most early deaths are from acute cardiac failure

- 1-year, 5-year, and 10-year survival is about 90%, 75%, and 65%

- Most late deaths are from chronic heart failure

- Risk factors for death include poor preoperative functional status, ascites, peripheral
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edema, and previous radiation
- Most patients have good results for functional status and reoperation is very infrequent

CHRONIC EFFUSIVE PERICARDITIS

Pathophysiology

A. Morphology

- Inflammation causes secretion of excessive amounts of fluid as well as fibrin

- Strands of fibrin may accumulate within the layers, known as "bread and butter"
pericarditis

- Both layers may be thickened and adherent

- The fluid may be loculated

B. Etiology

- Common underlying diseases included advanced renal disease, dialysis, malignancy,
and trauma

- The exact mechanisms are unknown

- Infection is rarely the cause of effusive pericarditis

- It is more common in young women

C. Natural History

- Effusive pericarditis occurs in about 15% of patients on hemodialysis, and tends to
occur early

- The course from malignancy is unpredictable

- The long-term course is unknown

Clinical Presentation

- Some patients present with fever, elevated white blood cell count, and a pericardial rub
- Others may have chest pain ranging from mild to severe

- Few patients develop acute tamponade

- Clinical examination demonstrated jugular venous distension; Beck's triad and pulsus
paradoxus may or may not be present

Diagnosis

- CXR may demonstrate the classic enlarged, globular cardiac silhouette

- EKG shows widespread ST elevation when the effusion is acute; in chronic effusion,
the EKG findings are similar to those of constrictive pericarditis

- Echocardiography is very accurate in the diagnosis and allows ultrasound-guided
aspiration

Indications for Operation

- Pericardial window is indicated for acute tamponade or when significant symptoms do
not resolve after 7-10 days of intensive medical therapy

- Subtotal or total pericardiectomy is indicated when effusion recurs or cannot be drained
satisfactorily
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Operative Technique

A. Pericardiocentesis

- Echocardiographic guidance is safe and effective
- Drainage of loculations may be difficult

B. Subxiphoid Pericardial Window

- Perform 4-8 cm vertical midline incision over xiphoid process and upper abdomen

- Remove or retract xiphoid process upward and dissect diaphragm off undersurface of
sternum

- Open pericardium, aspirate fluid and excise a large portion of the pericardium

- Insert suction drain and close wound loosely

C. Left Anterolateral Pericardial Window
- Perform small anterolateral thoracotomy
- Create window anterior to the phrenic nerve

D. Subtotal/Total Pericardectomy
- See above for chronic constrictive pericarditis

Results

- Long-term survival is considerably lower in patients who have underlying malignancy
than with other diseases

- Relief of symptoms is generally excellent

PURULENT PERICARDITIS

- Most commonly caused by S. aureus or H. influenzae

- Pericarditis indicated if the effusion is not loculated

- Recurrent effusions should be treated with pericardial window

- Loculations or development of continued sepsis are indications for pericardectomy

TUBERCULOUS PERICARDITIS

- Occurs in about 1% of patients with tuberculosis

- Medical therapy alone is sufficient when the effusion is moderate and there is minimal
pericardial thickening

- Pericardial window is indicated for persistent effusion, recurrent effusion after
aspiration, thickened pericardium, or signs of pericardial constriction

- Development of chronic constrictive pericarditis is an indication for pericardectomy

Selected Articles

Fowler NO. Cardiac tamponade: A clinical or echocardiographic diagnosis? Circulation
1993 87(5):1738-41.
This article illustrates that although the diagnosis should be made clinically,
patients often do not display classic findings and echocardiography should be
used to confirm and guide therapy.
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Vaitkus PT, Herrmann HC, LeWinter MM. Treatment of malignant pericardial effusion.
JAMA 1994 272(1):59-64.

A review of several other studies of malignant effusion, the article states that in
most cases pericardiocentesis under echo guidance is the best initial therapy. An
indwelling catheter can be left for several days; sclerotherapy or pericardial
window is necessary for recurrent effusion.

D'Cruz IA, Overton DH, Pai GM. Pericardial complications of cardiac surgery:
Emphasis on the diagnostic role of echocardiography. Journal of Cardiac Surgery 1992
7(3):257-68.

Great article specific to effusion after cardiac surgery - has nice representative
echos and illustrates the use of echo in seperating effusion and tamponade.

Ameli S and Shah PK. Cardiac tamponade: Pathophysiology, diagnosis, and
management. Cardiology Clinics 1991 9(4):665-74.

A readable review of the basic clinical features of tamponade. Also has good
sample echos.

Sources for further reading
Textbook Chapters
Chapter 52: Pericardial Disease. Cardiac Surgery (Kirklin and Barratt-Boyes), 2nd ed.,
1683-1700.

Chapters 32: The Pericardium Glenn's Thoracic and Cardiovascular Surgery (Baue,
Geha, Hammond, Laks, and Naunheim), 6th ed., 2299-2310.
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Cardia¢ Tumors
Definition
- Any benign or malignant neoplasm arising primarily from the myocardium or within a
cardiac chamber
- Approximately 70% are benign and 30% are malignant
- Metastatic tumors are not classified as cardiac tumors

Benign Malignant
Myxoma Angiosarcoma
Lipoma Rhabdomyosarcoma
Papillary fibroelastoma | Mesothelioma
Hemangioma Fibrosarcoma
Mesothelioma Lymphoma
Fibroma Osteosarcoma
Teratoma Thymoma
Granular cell tumor Neurogenic sarcoma
Neurofibroma Leiomyosarcoma
Lymphangioma Liposarcoma
Rhabdomyoma Synovial sarcoma
Myxoma

A. Morphology
- Usually pedunculated with a short, broad-based attachment
- Characteristically polypoid, project into cardiac chamber, and about 5-6 cm in diameter
- Gelatinous/mucoid texture and covered with endothelium
- Arises from endocardium as small, uniform cells in myxomatous stroma
- Rarely metastasizes

B. Location

- Left atrium: 75%

- Right atrium: 20%

- Atrial myxomas usually arise from the atrial septum
- Ventricles: less than 10%

- Multicentric: 5%

- Valve: rare

C. Clinical Presentation
1) Hemodynamic impairment
- Flow obstruction of venous drainage or across atrioventricular valves
- Obstruction is usually progressive
- Intermittent obstruction can cause syncope or sudden death in 1/4 to 1/2 of patients

2) Embolism

- Occurs in 30 to 45% of left atrial myxomas and over 50% of left ventricular
myxomas
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- About 50% of emboli will affect the CNS
- Right-sided tumors have a lower frequency of embolism

3) Constitutional Symptoms

- Occur in 30% of patients, most commonly with left atrial tumors

- Include fever, weight loss, clubbing, Raynaud's, myalgias/arthralgias, hemolytic
anemia

- Laboratory tests may reveal elevated IgM or IgA globulins, ESR, and C-reactive
protein

4) Familial Myxoma

- Familial occurrence in 5% of patients

- Usually found in young men, more often multiple, and less common in left atrium
- 20% associated with other conditions: Sertoli cell tumors, Cushing syndrome,
centrofacial/labial lentigenosis, cutaneous myxomas

- Abnormal ploidy pattern in almost all familial cases

- Strong tendency to recur

D. Diagnostic Tests

- Echocardiography easily demonstrates the tumor mass and can often demonstrate the
site of wall attachment

- CT and MRI may have a role

- Cineangiography demonstrates left atrial lesions on the venous phase after right heart
injection

E. Indications for Operation

- At the time of diagnosis

- Presence of obstructive or embolic symptoms

- Death occurs within 1 to 2 years after onset of obstructive symptoms

- Up to 10% of patients will die from embolic complications prior to surgery
- Natural history with constitutional symptoms only is unknown

F. Surgical Management

- Complete resection with adequate margin, which usually results in only a small wall
defect

- Left atrial tumors are resected using a trans-septal approach

- Right atrial tumors are resected through the right atrium

- Ventricular tumors are resected through the atria

- Tumor manipulation should be avoided to prevent embolization, and every effort
made to remove the tumor intact

G. Results

- Operative mortality is less than 3%

- Slightly higher mortality with ventricular tumors
- 30 to 75% of familial tumors recur
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Papillary Fibroelastoma

- Usually small, frond-like tumor that characteristically develops on an aortic or mitral
leaflet

- Core of dense connective tissue that resembles chordae tendinae

- Produces embolism by fragmentation or thrombus formation

- Affected valve can often be repaired at surgery

- Incidental tumors found on the aortic or mitral valves during other surgery should
probably be removed

Rhabdomyoma

- Yellow-gray tumor that occur invariably in the ventricles, commonly in multiple
locations

- Altered myocytes, often not discrete from surrounding normal myocardium

- Associated with tuberous sclerosis

- Most common primary cardiac tumor in children

- Cause cardiac failure from obstruction of conduction pathways and ventricular
tachycardia

- Over 90% present before age 15, usually in the first few days of life

- May require EPS to locate tumors that do not project into ventricular cavity

- Tumors may be unresectable at surgery

- About 50% of survivors will eventually develop tuberous sclerosis

Fibroma

- Large, bulky tumors that occur exclusively in the ventricles or ventricular septum
- Characteristic whorled appearance from fibroblasts, collagen, and elastic fibers

- Usually present in childhood

- Free wall tumors can be enucleated without entering the ventricular cavity

- Results are good, although few patients available for followup

Lipoma

- Well-encapsulated tumors, usually found incidentally

- Consist of mature fat cells

- Most commonly occur in atrial septum as part of lipomatous hypertrophy of the
interatrial septum

- Incidental tumors should probably be resected

- Results are generally good

Pheochromocytoma

- Soft, fleshy tumors occurring in the pericardium and epicardial surface

- Functionally active chromaffin cells produce large amounts of catecholamines
- Presents with severe hypertension

- Diagnosed by urinary catecholamines, CT scanning, and scintography

- Preoperative alpha- and beta-blockade is mandatory

- Carefully dissect tumor away from underlying cardiac structures

- Outcome favorable unless malignant
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Teratoma

- Pale, cystic tumor with heterogenous features
- Up to 20% have malignant features

- Typically present in very young patients

- Presence is an indication for operation

- Results unknown, as very few cases reported

Sarcoma

- Malignant tumor with wide variety of types, originating from mesenchyme

- Subtypes include angiosarcoma, rhabdomyosarcoma, fibrosarcoma, osteosarcoma,
neurogenic sarcoma, leiomyosarcoma, iiposarcoma, and synovial sarcoma

- Most commonly occur in right atrium and in mid-adulthood

- Operation indicated to obtain accurate diagnosis

- Prognosis is poor, as most patients have distant metastases at presentation

- Adjuvant therapy may have some role

Metastatic Tumors

- Most common neoplastic process involving the heart

- Common tumors that metastasize to the heart include leukemia, lymphoma, melanoma,
lung cancer, and breast cancer

- Most frequently metastasize to pericardium, then myocardium and endocardium

- Clinical presentations include pericardial effusion, tamponade, failure, and arrhythmias
- Prognosis depends on treatment of primary malignancy

Right Atrial Extension of Infradiaphragmatic Tumor
- Most commonly occurs with renal tumors extending up inferior vena cava
- Usually do not cause cardiac symptoms
- Combined median sternotomy/midline laparotomy with cardiopulmonary bypass
- Remove IVVC and right atrial portions of tumor prior to primary renal mass

Selected Articles
Jacobs JP, Konstantakos AK, Holland FW 2nd, Herskowitz K, Ferrer PL, Perryman

RA. Surgical treatment for cardiac rhabdomyomas in children. Annals of Thoracic
Surgery 1994 58(5):1552-5.

This short article has two representative cases and reviews the literature. The
authors recommend resection when the patient develops hemodynamic
compromise or arrhythmia.

Turner A and Batrick N. Primary cardiac sarcomas. A report of three cases and a review
of the current literature. International Journal of Cardiology 1993 40(2):115-9.
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Three case reports illustrate the need for early diagnosis of these tumors, which
have a high rate of recurrence and late metastasis. Prognosis is poor once
metastasis develops.

Jebara VA, Uva MS, Farge A, Acar C, azizi M, Plouin PF, Corvol P, Chachques JC,
Dervanian P, Fabiani JN et al. Cardiac pheochromocytoma. Annals of Thoracic Surgery
1992 53(2):356-61.

The authors report two cases of this rare tumor and resection using
cardiopulmonary bypass. A nice review of the literature is included.

Reynen K. Cardiac myxomas. New England Journal of Medicine 1995 333(240):1610-
7.

A thorough review article with good specimen photos, echos, and MR images. The
author provides an extensive reference list.

Chitwood WR Jr. Cardiac neoplasms: Current diagnosis, pathology, and therapy.
Journal of Cardiac Surgery 1988 3(2):119-54.

A longer but excellent article which has nice diagrams, echos, and photos. The
discussions of the various surgical approaches are particularly useful.

Sources for further reading
Textbook Chapters
Chapter 50: Cardiac Tumor. Cardiac Surgery (Kirklin and Barratt-Boyes), 2nd ed., 1635-
54.

Chapter 140: Cardiac Tumors. Glenn's Thoracic and Cardiovascular Surgery (Baue,
Geha, Hammond, Laks, and Naunheim), 6th ed., 2311-.
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Minimally Invasive Cardiac Surgery

History
Beating heart anastomosis

Alexsis Carrell on dog

Kolessov 1967 first LIMA to LAD (6 pts)
Banned/ Buffalo 1990/1991
Subramanian/Acuff/Mack/Calafiore - MIDCAB

Port Access Cardiac Surgery
CABG -- Stevens 1996 (Stanford)
MVR -- Schwartz, Ribakove (NYU)
MIDCAB --

Exposure thru 4th ICS

1 or 2 vessel bypass

5-20% stenosis rate

Anterior wall revascularization only
Less use of resources

Eliminates CPB and sternotomy

OPCAB

Exposure median sternotomy
Bypass multiple targets
Patency unknown

No CPB

Port access

4th ICS

Femoral cannulation CPB

Still heart

Total revascularization

Can use SVG for proximals

Over 2000 cases done similar results as open

Endoscopic CABG
LIMA taken down with scope only
Then conventional MIDCAB or Port Access

MIDCAB or OPCAB

Use in patients you might not want to use CPB
Calcified aorta, poor LVEF, severe PVD
Severe COPD, CRF, coagulopathy
Transfusion issues, i.e., Jehovahs witness
Good target vessels not diffuse disease
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Anterior/lateral wall revascularzation
Target revascularzation in older sicker patients

Port Access

More universal use

Multi-vessel revascularization
Redo cases

Where sternum healing is problem
Obese, DM, steroids

Aortic Valve surgery

Approach

1) Right parasternal first used by Cosgrove
2nd and 3rd costal cartilages removed

try to preserve RIMA

2) Mini sternotomy (Gundry)

upper sternotomy T off to the right 3rd or 4th ICS
better for homograft root replacement

3) Transected sternum (Cosgrove)

transect at 3rd ICS level

both RIMA and LIMA divided

Mitral Valve Surgery

Approach

Right parasternal

Lower mini sternotomy

Right anterior lateral thoracotomy

CPB has been accomplished with Heartport system
Fem-fem CPB

Direct cannulation of aorta and atrium

Advantages

Decreased length of stay (average 4 days)

Decreased blood transfusions (Cohn, et al)

Return to activity sooner

Less atrial fibrillation (5-10% incidence vs 20-30% open CPB)

Pediatric Cardiac Surgery

Ligation of PDA and division of vascular rings via thorascopic technique (Burke)
Open procedures VSD, Tetralogy via mini-sternotomy (Gundry)

ASD closure with Heartport port access

Mini L-Shaped Sternotomy

Mini T-sternotomy
Mini- Parasternal & Mini-Thoracotomy
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Roboetic Cardiae Surgery
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Percutaneous Heart Valve Surgery
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