
CHAPTER 1

Synopsis of Adult Cardiac
Surgical Disease

Coronary Artery Disease..........................................................................3

Left Ventricular Aneurysm .....................................................................13

Ventricular Septal Rupture.....................................................................16

Aortic Stenosis.......................................................................................18

Aortic Regurgitation ..............................................................................26

Mitral Stenosis ......................................................................................29

Mitral Regurgitation..............................................................................33

Tricuspid Valve Disease .........................................................................36

Endocarditis ..........................................................................................39

Hypertrophic Obstructive Cardiomyopathy.............................................41

Aortic Dissections ..................................................................................43

Thoracic Aortic Aneurysms ....................................................................48

Atrial Fibrillation ...................................................................................54

Ventricular Tachycardia and Sudden Death ..........................................56

End-Stage Heart Failure ........................................................................60

Pericardial Disease ................................................................................63

Congenital Heart Disease: Atrial Septal Abnormalities ...........................67

Adults with Other Congenital Heart Disease .........................................68

CO
PYRIG

HTED
 M

ATERIA
L





1 Synopsis of Adult Cardiac
Surgical Disease

It is essential that all individuals involved in the assessment and management of patients
with cardiac surgical disease have a basic understanding of the disease processes that are
being treated. This chapter presents the spectrum of adult cardiac surgical disease that is
encountered in most cardiac surgical practices. The pathophysiology, indications for
surgery, specific preoperative considerations, and surgical options for various diseases are
presented. Diagnostic techniques and general preoperative considerations are presented in
the next two chapters. Issues related to cardiac anesthesia and postoperative care specific to
most of the surgical procedures presented in this chapter are discussed in Chapters 4 and 8,
respectively. The most current guidelines for the evaluation and management of patients
with cardiac disease can be obtained from the American College of Cardiology website
(www.acc.org).

I. Coronary Artery Disease
A. Pathophysiology. Coronary artery disease (CAD) results from progressive blockage of

the coronary arteries by atherothrombotic disease. Significant risk factors include
hypertension, dyslipidemia (especially high LDL and low HDL levels), diabetes
mellitus, cigarette smoking, and obesity. Clinical syndromes result from an imbalance
of oxygen supply and demand resulting in inadequate myocardial perfusion to meet
metabolic demand (ischemia). Progressive compromise in luminal diameter producing
supply/demand imbalance usually produces a pattern of chronic stable angina. Plaque
rupturewith superimposed thrombosis is responsible formost acute coronary syndromes
(ACS), which include classic “unstable angina”, non-ST-elevation myocardial infarc-
tions (NSTEMI), and ST-elevation infarctions (STEMI). Interestingly, plaque rupture
commonly occurs in coronary segments that are not severely stenotic. Endothelial
dysfunction has become increasingly recognized as a contributing factor to worsening
ischemic syndromes. Generalized systemic inflammation, indicated by elevated
C-reactive protein levels, is usually noted in patients with ACS, and appears to be
associated with adverse outcomes.1

B. Management strategies

1. Symptomatic coronary disease is initially treated with medical therapy, including
aspirin, nitrates, and b-adrenergic blockers. Calcium channel blockers (CCBs) are
considered if b-blockers are contraindicated. Statins should be given to control
dyslipidemias and are effective for plaque stabilization. Angiotensin-converting
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enzyme (ACE) inhibitors are used for control of hypertension, especially in patients
with compromised left ventricular function. Clopidogrel generally does not provide
benefit to patients with chronic stable angina, except in selected subsets, but is
beneficial in patients with an ACS.2–6

2. STEMIs are preferentially treated by percutaneous coronary intervention (PCI)
(angioplasty and stenting), although thrombolytic therapy may be considered when
PCI cannot be performedwithin a fewhours. Clinical benefit is time-related (“time is
myocardium”), and the best results are obtainedwith “door to balloon” times less than
90 minutes. However, myocardial salvage may still occur if reperfusion can be
accomplished within 6 hours of the onset of chest pain.7,8

3. Patients presentingwith anACS should be treatedwith aspirin and unfractionated or
low-molecular-weight heparin (LMWH), as well as the standard therapy listed
above (nitrates, b-blockers, statins).9,10 Clopidogrel may provide clinical benefit to
these patients if they are to be treated medically, and it may be given if an early
invasive strategy is proposed. The 2007 ACC/AHA recommendations were that it
should not be given if urgent surgery is considered likely, but this can be difficult to
predict and therefore it is given routinely. Most studies have shown that 30-day
outcomes are better in patients undergoing coronary artery bypass graft (CABG)
surgery who initially received clopidogrel.2–6 However, one study showed that there
was no difference in outcomes whether clopidogrel was given or not if patients had
surgery within 5 days, but outcomewas better if it was initially given on presentation,
then stopped for at least 5 days before surgery.11 This study supports the ACC/AHA
recommendation that clopidogrel be stopped at least 5 days before surgery except in
urgent or emergent situations.9 If prasugrel is given in anticipation of PCI, but
CABG is recommended instead, it should be stopped at least 7 days prior to surgery.

4. In patients with continuing ischemia and high-risk features (crescendo angina over
48 hours, rest pain, ECG changes at rest, congestive heart failure [CHF], hemody-
namic instability, or an elevated troponin level), platelet glycoprotein IIb/IIIa
inhibitors, such as tirofiban or eptifibatide, may be added to the regimen with plans
to proceed to an early invasive strategy of catheterization. At that time, the
appropriate means of intervention (PCI vs. CABG) can be determined. If a IIb/
IIIa inhibitor is used and a clopidogrel load is not given prior to PCI, it will provide
antiplatelet activity until the initial dosing of clopidogrel achieves adequate platelet
inhibition (a fewhours after a 600mg load).Numerous trials are evaluating the role of
various platelet inhibitors and the use of bivalirudin rather than heparin during PCI.

C. Selection of an interventional procedure

1. An assessment of the patient’s clinical presentation, the extent and nature of coronary
disease, degree of inducible ischemia on stress testing, and status of ventricular
function are taken into consideration when determining whether the patient is an
appropriate candidate for an interventional procedure.12 In patients with convincing
evidence of anACS, stress tests are not indicated prior to cardiac catheterization. The
primary objective of any intervention is the relief of ischemia to prevent or minimize
the extent of myocardial damage.

2. PCI has seen wide applicability beyond its proven benefit in early randomized trials,
which generally had very selective inclusion criteria. It is often preferable to surgery in
patients presentingwith STEMIs orwith ongoing ischemiawithNSTEMIs because
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it canmore promptly salvagemyocardium – unless the anatomy is such thatCABG is
preferable (see below). The benefits of PCI in patients with chronic stable angina are
not as well defined.13,14

3. The indications for PCI in multivessel disease are controversial. Although several
studies suggest that CABG improves long-term survival better than PCI, other trials
indicate that survival is comparable, although more patients undergoing PCI require
reintervention.15–20 The rationale is that PCI only addresses focal lesions despite
CAD being a multifocal disease, whereas CABG bypasses the entire proximal
segment. Thus, repeat intervention, usually in sites other than the original stent
location, is much more likely if PCI is utilized. Evidence-based guidelines have been
established by major organizations to identify when PCI and/or CABG is indicated
(Figures 1.1 and 1.2).12 These guidelines will continue to evolve when the results of
additional trials including multivessel and left main disease,21–23 reoperative situa-
tions, varying patient subpopulations, andnewer stent technologies become available.
One approach to decision making is use of the SYNTAX score (accessible at www.
syntaxscore.com), which assesses the extent and nature of coronary artery disease
and provides comparative major adverse cardiac event (MACE) rates for PCI and
CABG for multivessel as well as left main disease.23–25 Use of such data can provide
patients with adequate evidence-based clinical information to give informed consent
for any interventional procedure.

4. Although drug-eluting stents (DES) are associated with a lower risk of restenosis
than bare-metal stents (BMS), most studies have not shown a significant impact on
the risk of myocardial infarction or death.26 In fact, the risk of stent thrombosis is
greater with DES, and this is accentuated in patients who are resistant to the
antiplatelet effects of aspirin and/or clopidogrel.27 Platelet function testing may be
beneficial in determining which patients are resistant to their antiplatelet effects. To
minimize the risk of stent thrombosis, it is recommended that patients receiving
BMS take aspirin and clopidogrel for at least 1 month, and those receiving DES take
these medications for at least 1 year.28

5. One should not consider either PCI or CABG an exclusive approach to a patient’s
coronary artery disease. For example, one hybrid approach is to perform a PCI of the
culprit lesion in anunstable patient in the interest ofmyocardial salvage and then refer
the patient for surgical revascularization of other lesions.29 It has even been proposed
that placing a left internal thoracic artery (LITA) to the left anterior descending
artery (LAD) in a patient with three-vessel disease provides the essential long-term
benefit of a CABG and converts the patient’s anatomy to two-vessel disease which
can be managed medically or with PCI.30

D. Indications for surgery. The justification for proceeding with an intervention is based
primarily upon an assessment of whether the patient is at increased risk for an adverse
cardiac event. Studies have shown that surgery is very effective in relieving angina, in
many cases is able to delay infarction, and in most cases can improve survival compared
with continued medical management. CABG can be deemed appropriate based on an
assessment of the patient’s symptom status, non-invasive imaging studies, and the
degree of anatomic disease (Figure 1.1).12 It should be considered when PCI is not
feasible or when the short- and long-term benefits of CABG are superior to those of
PCI (Figure 1.2).
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1. Clinical scenarios. The patient with refractory angina or a large amount of
myocardium in ischemic jeopardy has an indication for an intervention relatively
independent of the extent of coronary involvement:

a. Class III–IV chronic stable angina refractory to medical therapy

b. Acute coronary syndromes, including unstable angina and NSTEMIs

c. Acute ischemia or hemodynamic instability following attempted PCI, whichmay
include dissection and compromisedflowor coronary perforationwith tamponade

d. Acute evolving STEMI within 4–6 hours of the onset of chest pain or later if
there is evidence of ongoing ischemia (early postinfarction ischemia)

e. Markedly positive stress test prior to major intra-abdominal or vascular surgery –
but not necessarily if the patient has chronic stable angina

f. Ischemic pulmonary edema

2. Anatomy. A second group of patients includes those without disabling angina or
refractory ischemia in whom the extent of coronary disease, the status of ventricular
function, and the degree of inducible ischemia on stress testing are such that surgery
may improve long-term survival. This is presumed to occur by preventing infarction
and preserving ventricular function. Surgery is especially beneficial for patients with
impaired ventricular function and inducible ischemia, inwhom themedical prognosis
is unfavorable. The following recommendations for surgery, based on the random-
ized controlled trials of primarily chronic stable angina in the early 1980’s have been
incorporated into the 2009 appropriateness criteria guidelines noted in Figure 1.2.
For patients with ACS, they are all class I indications for surgery, and for patients

Figure 1.1 . Appropriateness ratings for coronary artery bypass grafting. The grid incorporates
Canadian Cardiovascular Society (CCS) class, extent of coronary disease, and results of non-

invasive testing in determining whether CABG is an appropriate procedure. A, appropriate;

U, uncertain; I, inappropriate. (Reproduced with permission from Patel et al., J Am Coll Cardiol

2009;53:530–53.)12
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Thorac Surg 2009;87:1328–31.)19
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with fewer symptoms or moderate degrees of ischemia, they are class IIa and IIb
indications (see Appendix 1).

a. Left main stenosis>50%

b. Three-vessel disease with ejection fraction (EF) <50%

c. Three-vessel disease with EF>50% and significant inducible ischemia on stress
testing

d. Two-vessel disease with involvement of proximal LAD and EF<50% or
significant inducible ischemia on stress testing

e. One- and two-vessel disease not involving the LAD with extensive myocardium
in jeopardy but lesions not amenable to PCI

Although surgery is appropriate in these patients, most patients with one- or two-vessel
disease are preferentially treated by PCI. Furthermore, although the 2009 guidelines
consider PCI for leftmain disease to be ‘‘inappropriate’’ and for three-vessel disease to be
‘‘uncertain’’, use of the SYNTAX score, the Mayo Clinic risk score, and other risk
models for PCI may modify this approach.23–25

3. Other conditions. A third group of patients should undergo bypass surgery for
coronary stenoses exceeding 50% when other open-heart procedures are indicated:

a. Valve operations, septal myectomy, etc.

b. Surgery for postinfarction mechanical defects (left ventricular aneurysm, ventric-
ular septal rupture, acute mitral regurgitation)

c. Coronary artery anomalies with risk of sudden death (vessel passing between the
aorta and pulmonary artery)

E. Preoperative considerations

1. Preoperative autologous blood donation has been considered to reduce the require-
ment for homologous transfusion.Thismay be feasible in patientswith chronic stable
angina, but not in those with acute coronary syndromes or left main disease.With the
increasing safety of blood, the use of antifibrinolytic drugs, and the performance of
off-pump surgery, this is no longer a common practice.31

2. Anemia. Preoperative blood transfusions should be considered in patients with an
ACS and a hematocrit<28%. Thismay not only improve the ischemic syndrome but
will minimize hemodilution during surgery. Low preoperative hematocrits may
increase operative mortality following CABG, often because of an association with
other adverse risk factors for mortality, and it is not known whether transfusions can
reduce that risk.32 Certainly, indiscriminate use of transfusions must be avoided
because of their association with adverse outcomes following cardiac surgery.33–35

a. In addition to blood withdrawal for preoperative lab tests, it is not uncommon for
the hematocrit to fall several points after a cardiac catheterization fromboth blood
loss and hemodilution with hydration. One study showed that coronary angiog-
raphy was associated with a fall in hemoglobin of 1.8 g/dL (equivalent to about a
5.4% fall in hematocrit).36

b. Hemodilution on cardiopulmonary bypass (CPB) to a hematocrit<20% may be
associatedwith an increased risk of renal dysfunction, stroke, optic neuropathy, and
death.37–40 Low hematocrits lower oncotic pressure and viscosity, increase fluid
requirements, which contributes to extracellular edema, andmake it more difficult
to maintain an adequate blood pressure during and after CPB. Patients with
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profound anemia tend to bleed and require more blood component transfusions.
Thus, preoperative transfusions to an adequate level may be considered to reduce
patient morbidity, possibly reduce the overall number of transfusions required
intra- and postoperatively, and potentially decrease mortality.

3. Ischemia. Aggressive management of ongoing or potential ischemia is indicated in
patients with critical coronary disease to reduce surgical risk. This may include
adequate sedation and analgesia, antiischemic medications to control heart rate and
blood pressure (intravenous nitrates and b-blockers), antiplatelet and anticoagulant
medications (aspirin, clopidogrel, heparin, IIb/IIIa inhibitors), and/or placement of
an intra-aortic balloon pump (IABP) for refractory ischemia. It cannot be over-
emphasized that just because a patient has been catheterized and accepted for surgery
does not mean that medical care should not be aggressive up to the time of surgery! If
the patient has persistent ischemia despite all of thesemeasures, emergency surgery is
mandatory.

a. All antianginal medications should be continued up to and including themorning
of surgery. Studies have demonstrated the benefit of preoperative b-blocker
therapy in lowering perioperative mortality in cardiac surgery patients.41 Patients
being admitted the morning of surgery should be reminded to take their
medications before coming to the hospital.

b. Unfractionated heparin (UFH) is often used in patients with acute coronary
syndromes, left main coronary disease, or a preoperative IABP. The heparin
should generally be continued up to the time of surgery. Central lines can usually
be placed safelywhile the patient is heparinized. Patients receiving heparin should
have their platelet count rechecked daily to be vigilant for the development of
heparin-induced thrombocytopenia (HIT). Note that preoperative assessment
for HIT antibodies is not indicated in the absence of a clinical indication.42

c. Low-molecular-weight heparin (LMWH) is often used in patients presenting
with an ACS and may be used in the cath lab as well. It must be stopped at least
18–24 hours prior to surgery to minimize the risk of perioperative bleeding.
Fondaparinux, often used routinely for venous thromboembolism prophylaxis,
has a half-life of 17–21 hours and must be stopped at least 48 hours prior to
surgery.

d. Aspirin is routinely used in patients with known coronary disease or given upon
presentation to the hospital. Platelet function generally returns to normal within
3 days of cessation of aspirin, so it can be stopped at that time for truly elective
cases.43,44Otherwise, aspirin 81mg should be continued up to the time of surgery
in patients with an ACS or critical coronary disease, since it may improve
outcomes without a significant increase in the risk of bleeding.44–47

e. Preoperative use of clopidogrel has generally been shown to significantly increase
the risk of bleeding and reexploration for bleeding.5,44,47,48 Thus, it has been
recommended that it should be stopped 5–7 days before elective surgery, although
stopping it for only 3daysmaybe acceptableprior to off-pumpsurgery.49Prasugrel
is a more potent ADP inhibitor that can achieve 80% platelet inhibition within 30
minutes of administration. Because of its effectiveness and comparable half-life to
clopidogrel, it may contribute to an even greater risk of perioperative bleeding and
should be stopped at least 7 days prior to surgery, if possible.
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i. A loading dose of clopidogrel (300–600mg) is frequently given to patients
presenting with an ACS in the emergency room or in preparation for a PCI.
Alternatively, a loading dose of prasugrel (60mg)may be given in the cath lab.
If PCI is not feasible or fails, the patient will then be at higher risk for
bleeding following CABG.

ii. In some cases, emergency stenting of a culprit lesion causing an evolving
infarction may be performed with subsequent referral for urgent surgery to
achieve complete revascularization. In this situation, it is preferable to use a
IIb/IIIa inhibitor to minimize stent thrombosis as a bridge to surgery. It
should be stopped 4 hours prior to surgery, so that by the time surgery starts,
80% of platelet activity will have recovered.

iii. In patients with prior stenting (<1month for a BMS and<1 year for a DES),
there is an increased risk of stent thrombosis if clopidogrel is stopped.28 Either
surgery must be performed with the patient still taking clopidogrel or one
might possibly stop the clopidogrel for only 3 days to have some residual
protective antiplatelet activity, yet hopefully less intraoperative bleeding.

4. Other preoperative medications to be considered

a. Amiodarone is beneficial in reducing the incidence of postoperative atrial
fibrillation (AF). One respected randomized trial showed a benefit to giving
10 mg/kg daily starting 6 days prior to surgery, although a shorter course may be
just as effective.50

b. Statins have been demonstrated to reduce operative mortality, the risk of stroke,
and the occurrence of AF when used in high doses (atorvastatin 40 mg).51–53

c. Steroids have been evaluated as a means of reducing the systemic inflammatory
response of surgery and have been shown to improve myocardial function and
possibly reduce the incidence of AF.54–57 However, improvement in pulmonary
function has not been clearly shown, and steroids do worsen postoperative
hyperglycemia. Since the benefits are controversial, steroids have not seen
widespread usage.

F. Surgical procedures

1. Traditional coronary artery bypass grafting is performed through a median
sternotomy incision with use of CPB. Myocardial preservation is usually provided
by cardioplegic arrest. The procedure involves bypassing the coronary blockages with
a variety of conduits. The left internal thoracic (or mammary) artery (ITA) is usually
used as a pedicled graft to the LADand is supplemented by either a second ITA graft
or radial artery graft to the left system and/or saphenous vein grafts interposed
between the aorta and the coronary arteries (Figure 1.3).

a. The saphenous vein should be harvested endoscopically to minimize patient
discomfort, reduce the incidence of leg edema and wound healing problems, and
optimize cosmesis.58 There are some concerns that endoscopic harvesting could
produce endothelial damage that might compromise long-term patency and
reduce long-term survival.59,60

b. Use of additional arterial conduits (bilateral ITAs, radial artery) can be recom-
mended to improve event-free survival,61–63 although one study of statin use
showed comparable survival of patients receiving one or two ITAs.64 The radial
artery can be harvested endoscopically using a tourniquet to minimize bleeding
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during the harvest with placement of a drain afterwards to prevent blood
accumulation within the tract.65–67 With radial artery grafting, a vasodilator is
initiated during surgery to minimize spasm (either IV diltiazem 0.1mg/kg/h
(usually 5–10mg/h) or IV nitroglycerin 10–20mg/min (0.1–0.2mg/kg/min).68

This is continued in the ICU and then converted to either amlodipine 5mg po qd
or Imdur 20mg po qd for several months. The benefit of such pharmacologic
management to prevent spasm has been universally accepted, but not proven.

2. Concerns about the adverse effects of CPB spurred the development of “off-pump”
coronary surgery (OPCAB), during which complete revascularization should be
achieved with the avoidance of CPB. Deep pericardial sutures and various retraction
devices are used to position the heart for graftingwithout hemodynamic compromise.
A stabilizing platform minimizes movement at the site of the arteriotomy
(Figure 1.4). Intracoronary or aortocoronary shunting can minimize ischemia after
an arteriotomy is performed.69

a. Conversion to on-pump surgery may be necessary in the following circumstances:
i. Coronary arteries are very small, severely diseased or intramyocardial.

ii. LV function is very poor, or there is severe cardiomegaly or hypertrophy that
precludes adequate cardiac translocation without hemodynamic compromise
or arrhythmias.

iii. The heart is extremely small and vertical in orientation.

Figure 1.3 . Coronary artery bypass grafting. A left internal thoracic artery (LITA) has been

placed to the left anterior descending artery (LAD) with aortocoronary saphenous vein grafts

(SVG) to the circumflex marginal and right coronary arteries.
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iv. Uncontrollable ischemia or arrhythmias develop with vessel occlusion that
persists despite distal shunting.

v. Intractable bleeding occurs that cannot be controlled with vessel loops or an
intracoronary shunt.

b. OPCABs reduce transfusion requirements, and arguably lower mortality and
reduce the risk of stroke, renal dysfunction, and atrial fibrillation.70–73 Despite
these potential advantages, enthusiasm for this technique is modest, and it is
estimated that fewer than 20% of CABGs are performed off-pump. Many
surgeons reserve its use for patients with limited disease. Its major advantage
may be in the very high-risk patient with multiple comorbidities in whom it is
critical to avoid CPB.

c. In some patients with severe ventricular dysfunction, the heart will not tolerate the
manipulation required during off-pump surgery. In this circumstance, right
ventricular assist devices can be used to improve hemodynamics. Alternatively,
surgery can be done on-pump on an empty beating heart to avoid the period of
cardioplegic arrest. This technique may be beneficial in patients with ascending
aortic disease that prevents safe aortic cross-clamping, but does allow for safe
cannulation and use of aortic punches, such as the HEARTSTRING proximal
seal system (Maquet Cardiovascular), to perform the proximal anastomoses.

3. Minimally invasive direct coronary artery bypass (MIDCAB) involves bypassing
the LAD with the LITA without use of CPB via a short left anterior thoracotomy
incision.74 An additional incision in the right chest can be used to bypass the right
coronary artery. Combining a LITA to the LAD with stenting of other vessels
(“hybrid” procedure) has also been described.29,30

Figure 1.4 . Off-pump bypass grafting requires displacement of the heart using techniques to

avoid hemodynamic compromise. These may include placement and elevation of deep peri-
cardial sutures or the use of an apical suction device. A stabilizing device is used to minimize

motion and a proximal vessel loop is placed to minimize bleeding at the site of the anastomosis.
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4. Robotic or totally endoscopic coronary artery bypass (TECAB) can be used to
minimize the extent of the surgical incisions and reduce trauma to the patient.
Robotics can be used for both ITA takedown and grafting to selected vessels through
small ports. These procedures can be done without CPB or using CPB with femoral
cannulation. Generally, TECAB is used for limited grafting, but wider applicability
is certainly feasible.75

5. Transmyocardial revascularization (TMR) is a technique in which laser channels
are drilled in the heart with CO2 or holmium-YAG lasers to improve myocardial
perfusion. Although the channels occlude within a few days, the inflammatory reac-
tion created induces neoangiogenesis that may be associated with upregulation of
various growth factors, such as vascular endothelial growth factor. This procedure can
be used as a sole procedure performed through a left thoracotomy for patients with
inoperable CAD in regions of viable myocardium. Alternatively, it can be used as an
adjunct toCABGinviable regionsof theheartwherebypass grafts cannotbeplaced.76

II. Left Ventricular Aneurysm
A. Pathophysiology. Occlusion of a major coronary artery may produce extensive trans-

mural necrosis which convertsmuscle into thin scar tissue. This results in formation of a
left ventricular aneurysm (LVA)which exhibits dyskinesia during ventricular systole. In
contrast, early reperfusion of an occluded vessel may limit the extent of myocardial
damage with preservation of epicardial viability, resulting in an area of akinesia. This
will result in an ischemic cardiomyopathy with a dilated ventricle that remodels with
altered spherical geometry but does not produce an aneurysm.

B. Presentation. The most common presentation of LVAs and ischemic cardiomyopa-
thies is CHF due to systolic dysfunction. With LVAs, there is a reduction of stroke
volume caused by geometric remodeling of the aneurysmal segment due to loss of
contractile tissue and an increase in ventricular dimensions. Angina may also occur due
to the increased systolic wall stress of a dilated ventricle and the presence of multivessel
CAD. Systemic thromboembolism may result from thrombus formation within the
dyskinetic or akinetic segment.Malignant ventricular arrhythmias or sudden deathmay
result from the development of a macroreentry circuit at the border zone between scar
tissue and viable myocardium.

C. Indications for surgery. Surgery is usually not indicated for the patient with an
asymptomatic aneurysm because of its favorable natural history. This is in contrast to
the unpredictable prognosis and absolute indication for surgery in a patient with a false
aneurysm,which is caused by a contained rupture of the ventricularmuscle. Surgerymay
be beneficial in the asymptomatic patient with an extremely large aneurysm or when
extensive clot formation is present within the aneurysm. Surgery is most commonly
indicated to improve symptoms and prolong survival when one of the four clinical
syndromes noted above (angina, CHF, embolization, or arrhythmias) is present.
Arrhythmias may be treated by a non-guided endocardial resection through the
aneurysm with/without cryosurgery along with subsequent placement of a transvenous
implantable cardioverter-defibrillator (ICD).

D. Preoperative considerations

1. A biplane left ventriculogram is helpful in identifying regions of akinesia and
dyskinesia and assessing the function of noninfarcted segments. Echocardiography
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is best for assessing ventricular size and dimensions, wall motion of the noninfarcted
segments, the presence of thrombus, and mitral valve function, which is often
abnormal with dilated cardiomyopathies.

2. The patient should be maintained on heparin up to the time of surgery if left
ventricular thrombus is present.

E. Surgical procedures

1. Standard aneurysmectomy entails a ventriculotomy through the aneurysm, resection
of the aneurysmwall, including part of the septum if involved, and linear closure over
felt strips (Figure 1.5).77

Figure 1.5 . Repair of a left ventricular aneurysm using the linear closure technique. (A) The

thinned-out scar tissue is openedandpartially resected.Any left ventricular thrombus is removed.
(B) The aneurysm is then closedwithmattress sutures over felt strips. (C) An additional over-and-

over suture is placed over a third felt strip. (D) Cross-section of the final repair.
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2. Endoventricular reconstruction techniques are applicable to large aneurysms or
akinetic segments with the intent of reducing ventricular volume and restoring an
elliptical shape.

a. The “endoaneurysmorrhaphy” technique is used for large aneurysms. A pericar-
dial or Dacron patch is sewn to the edges of viable myocardium at the base of the
aneurysm and the aneurysm wall is reapproximated over the patch (Figure 1.6).
This preserves left ventricular geometry and improves ventricular function to a
greater degree than the linear closure method.

b. A slightly more elaborate endoventricular reconstruction involves the endoven-
tricular circular patch plasty technique of Dor, which is termed “surgical
ventricular restoration” (SVR). This can be applied to left ventricular aneurysms
as well as cases of ischemic cardiomyopathy with anterior akinesis
(Figure 1.6D).78,79 The procedure involves placement of an encircling suture
at the junction of the contracting and noncontracting segments, and then

Figure 1.6 . Repair of a left ventricular aneurysm using the endoaneurysmorrhaphy technique.

(A,B) A pericardial patch is sewn at the base of the defect at the junction of scar and normal

myocardium to better preserve ventricular geometry. The resected edges of the left ventricle are
closed in a similar fashion to the linear technique. (C)Cross-section of the final repair. (D) TheDor

procedure is a modification of this technique in which a circumferential pursestring suture is

placed at the base of the defect to restore a normal orientation to the ventricle. A patch is then
sewn over the defect.
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exclusion of the noncontracting segment with a patch. This produces an elliptical
contour of the heart and results in significant improvement in ventricular size and
function. This procedure is generally done on a beating heart to allow for better
differentiation of akinetic and normal segments of the heart.

c. Although SVR is associated with a reduction in LV volume, clinical improve-
ment is not uniform. Several studies have suggested that the addition of SVR to a
CABG improves clinical status and long-term survival.80,81 However, the
STICH trial of patients with CAD-related anterior akinesia or dyskinesia with
EF<35% was unable to demonstrate that reduction in LV size was associated
with an improvement in symptoms or a reduction in mortality after 4 years (see
also page 62).82

3. Coronary bypass grafting of critically diseased vessels should be performed. Bypass
of the LAD and diagonal arteries should be considered if septal reperfusion can be
accomplished.

4. Mitral valve repair with a complete annuloplasty ring is indicated when the seve-
rity of mitral regurgitation (MR) is 2þ or greater. MR is usually related to apical
tethering of the leaflets due to ventricular dilatation or may result from annular
dilatation.

III. Ventricular Septal Rupture
A. Pathophysiology. Extensive myocardial damage subsequent to occlusion of a major

coronary vesselmay result in septal necrosis and rupture. This usually occurs within the
first week of an infarction, more commonly in the anteroapical region (from occlusion
of the left anterior descending artery), and less commonly in the inferior wall (usually
from occlusion of the right coronary artery). It is noted in fewer than 1% of acuteMIs,
and the incidence has been reduced by use of early reperfusion therapy for STEMIs.
The presence of a ventricular septal defect (VSD) is suggested by the presence of a loud
holosystolic murmur that reflects the left-to-right shunting across the ruptured
septum. The patient usually develops acute pulmonary edema and cardiogenic shock
from the left-to-right shunt.83

B. Indications for surgery. Surgery is indicated on an emergency basis for nearly all
postinfarction VSDs to prevent the development of progressive multisystem organ
failure. The overall surgical mortality rate is about 30%, but once the patient develops
cardiogenic shock (which is often present), the surgical mortality rate is even
higher.84,85 Occasionally, a small VSD with a shunt of < 2 : 1 can be managed
medically, but it usually should be repaired after 6 weeks to prevent future hemody-
namic problems.

C. Preoperative considerations

1. Prompt diagnosis can bemade using a Swan-Ganz catheter, which detects a step-up
of oxygen saturation in the right ventricle. Two-dimensional echocardiography can
confirm the diagnosis of a VSD and differentiate it from acute MR, which can
produce a similar clinical scenario.

2. Inotropic support and reduction of afterload, usually with an IABP, are indicated in all
patients with VSDs in anticipation of emergent cardiac catheterization and surgery.

3. Cardiac catheterizationwith coronary angiography should be performed to confirm
the severity of the shunt and to identify associated coronary artery disease.

16 SYNOPSIS OF ADULT CARDIAC SURGICAL DISEASE



D. Surgical procedures

1. The traditional surgical treatment for postinfarct VSDs had been the performance
of a ventriculotomy through the infarcted zone, resection of the area of septal
necrosis, and Teflon felt or pericardial patching of the septum and free wall. This
technique requires transmural suturing and is prone to recurrence.

2. The preferred approach is to perform circumferential pericardial patching around
the border of the infarcted ventricular muscle. This technique excludes the
infarcted septum to eliminate the shunt and reduces recurrence rates, because
suturing is performed to viable myocardium away from the area of necrosis
(Figure 1.7).86

3. Coronary bypass grafting of critically diseased vessels should be performed, since it
has been shown to improve short- and long-term survival after surgery.85,87

Figure 1.7 . Closure of a postinfarction ventricular septal defect using the exclusion tech-

nique. (A) Anterior VSD. (B) Inferior VSD. The pericardial patch is anchored to viable
myocardium away from the site of the defect, thus eliminating shunt flow across the septal

defect.
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IV. Aortic Stenosis
A. Pathophysiology.88 Aortic stenosis (AS) results from thickening, calcification, and/

or fusion of the aortic valve leaflets, which produce an obstruction to left ventricular
outflow. In younger patients, AS usually develops on congenitally bicuspid valves,
whereas in older patients, degenerative change in trileaflet valves is more common.
Aortic sclerosis is a very common finding in elderly patients, and may be a manifesta-
tion of atherosclerosis, but usually does not progress to aortic stenosis. Progression of
AS may be related to endothelial cell activation and atherogenesis, but it has not been
shown conclusively that statins will slow the progression of degenerative AS.89,90

In contrast, there is some evidence that statins may retard the progression of
rheumatic AS.91

1. The impairment to cusp opening leads to pressure overload, compensatory
left ventricular hypertrophy (LVH), and reduced ventricular compliance. The
development of LVH maintains normal wall stress and a normal EF.

2. If the increase in wall thickness does not increase in proportion to the rise in
intraventricular pressure, wall stress will increase and EFwill fall. It is important to
assess whether a reduced EF in patients with severe AS is the result of excessive
afterload (i.e., inadequate hypertrophy to overcome the obstruction) or depressed
contractility. If the latter is present, surgical risk is higher.

3. In patients with excessive and inappropriate degrees of LVH, wall stress is low and
the heart will become hyperdynamic with a very high EF. This finding portends a
worse prognosis after surgical correction.92

B. Symptoms. Angina may result from the increased myocardial oxygen demand caused
by increased wall stress, from reduction in blood supply per gram of hypertrophied
tissue, and/or from limited coronary vasodilator reserve. Hypertrophied hearts are
more sensitive to ischemic injury, and exercise may induce subendocardial ischemia,
inducing systolic or diastolic dysfunction. Thus, angina may occur with or without
concomitant epicardial CAD. Congestive heart failure results from elevation of filling
pressures (LV end-diastolic pressure) with diastolic dysfunction and eventually by
progressive decline in LV systolic function. Cardiac output is relatively fixed across the
valve orifice and can lead to syncope in the face of peripheral vasodilation. The
development of atrial fibrillation leads to clinical deterioration because the hyper-
trophied ventricle relies on atrial contraction to maintain a satisfactory stroke volume.

C. Diagnosis. The severity ofAS can be readily diagnosed by either echocardiography or
cardiac catheterization. In some patients with a critically narrowed valve, it may not be
possible to cross the valve with a catheter to measure the gradient. In most cases,
echocardiography should be sufficient in assessing the degree ofAS, and because of the
increased risk of embolic stroke during catheterization, hemodynamic assessment of
AS during catheterization is not recommended (a class III recommendation) unless
echo results are equivocal.93 Coronary angiography is indicated before surgery to
identify whether CAD is present.

1. Doppler echocardiography assesses the severity of aortic stenosis by measuring the
maximum jet velocity and the mean transvalvular gradient, and allows for
calculation of the aortic valve area using the continuity equation. Echo imaging
can also measure the valve area directly by planimetry in the short-axis view
(Table 1.1).
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2. At catheterization, the degree of valve stenosis (effective valve area) is assessed by a
measurement of transvalvular flow (essentially the cardiac output or stroke volume)
with a calculation of the peak or mean pressure gradient across the valve
calculated from pressures obtained on a catheter pull-back from the left ventricle
into the aorta (Figure 2.4, page 97). A valve area is calculated using the Gorlin
formula:

AVA ¼ CO=ðSEP�HRÞ
44:3� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

mean gradient
p

where:

AVA¼ aortic valve area in cm2 (normal¼ 2.5–3.5 cm2)

CO¼ cardiac output in mL/min

SEP¼ systolic ejection period/beat

HR¼ heart rate

Since the pressure gradient is related to both the orifice area and the transvalvular
flow, low gradients may be noted in low cardiac output states despite severe AS;
conversely, high gradients may be noted in high output states in the absence of
severe AS. This concept may account for apparent inconsistencies in the degree of
AS using different measurements and in different clinical states.

3. Assessing the severity of aortic stenosis in a patient with a low gradient and poor
ventricular function can be problematic. A patient may have a calculated valve area
consistent with severe AS, although the degree of AS may not be significant.
Dobutamine stress echocardiography (DSE) can be used in this circumstance to
determine whether poor ventricular function with a low stroke volume is primarily
related to afterload mismatch from true severe AS or is due to contractile
dysfunction.

a. If dobutamine produces an increase in stroke volume and cardiac output with
little increase in gradient, the valve areawill increase, indicating that the severity
of valve stenosis was overestimated and surgery is not indicated.

b. In contrast, if dobutamine increases both the stroke volume and the gradient,
the valve area will remain the same, confirming that true aortic stenosis is
present that will benefit from surgery.

Table 1.1 . Correlation of Echocardiographic Measurements with the
Severity of Aortic Stenosis

Indicator Mild Moderate Severe

Jet velocity (m/s) <3.0 3.0–4.0 >4.0

Mean gradient (mm Hg) <25 25–40 >40

Aortic valve area (cm2) >1.5 1.0–1.5 <1.0

Aortic valve area index (cm2/m2) <0.6

Dimensionless index �0.25
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c. If dobutamine fails to produce an increase in stroke volume, the patient has poor
contractile reserve and is a poor candidate for surgery.88,94,95However, despite a
high operative mortality, patients with poor contractile reserve (<20% increase
in stroke volumewithDSE) still have a better long-term prognosis with surgery
than with medical management. In these patients, an alternative approach to
aortic valve replacement (AVR), such as a transcatheter valve replacement, may
be preferable.95

d. Interestingly, studies have suggested that an elevated B-type natriuretic peptide
(BNP) level (>550) is a very strong predictor of operative mortality, even more
important than contractile reserve documented by DSE.96

D. Indications for surgery. The grading of indications for surgery and the levels of
evidence for all types of valve surgery listed in the next few sections (see Appendix 1)
are based on 2008 ACC guidelines88 and are available at www.acc.org.

1. The presence of symptoms (angina, CHF, syncope or resuscitation from sudden
death) with severe AS is a class I indication for surgery, because once symptoms are
present, the average survival is only about 2 years with a less than 20% chance of
surviving 5 years.88,97 Generally, mean survival is 1 year for patients with CHF, 2
years with syncope, and 4 years with angina.97 Surgery will improve survival even in
patients with LV dysfunction not caused by excessive afterload, although LV
dysfunction and symptoms may not completely resolve.

2. In contrast, surgery has traditionally not been considered for the asymptomatic
patient, no matter how severe the degree of stenosis, because the risk of sudden
death is considered to be low (estimated at<1%/year), and the risk of theAVRmay
exceed the potential benefit of surgery.98However, patients with severeAS need to
be followed carefully for the development of symptoms or rapidly progressive valve
stenosis. Failure to perform surgery once patients become symptomatic is the most
important risk factor for late mortality.99

a. It is estimated that up to 40% of patients with severe AS will become
symptomaticwithin 2 years and about 67%will be symptomatic by5 years.100,101

However, in patients with high jet velocities, LV hypertrophy, or severe valve
calcification, the rate of progression of valve stenosis is faster and the symptom-
free interval is shorter.101

b. On the average, the annual increase in jet velocity is 0.3m/sec, the increase in
mean gradient is 7mm, and the decrease in valve area is 0.1 cm2. However, the
rate of progression of AS can be quite variable, and serial Doppler echos should
be used to assess the rate of hemodynamic progression of the AS, which is
predictive of clinical outcome.

3. Indications for surgery in the asymptomatic patient are:

a. Class I: LV systolic dysfunction (EF<50%)

b. Class IIb
i. Abnormal response to exercise (hypotension, symptoms) – note that stress

testing is contraindicated in the symptomatic patient with severe AS

ii. Severe AS with high likelihood of progression (elderly patients, calcified
valve, presence of CAD) or if there will be a potential delay from symptom
onset to surgery

iii. Extremely severe AS (AVA<0.6 cm2, mean gradient>60mm Hg, jet
velocity>5.0m/s)
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4. AVR is generally indicated for patients undergoing other cardiac surgery if the
AVA is<1.2 cm2, and possibly as high as 1.4 cm2. Invariably, a native valve with at
least moderate stenosis will require surgery within a few years for progressive
obstruction, thus mandating a reoperative procedure at higher risk. Clearly, it is
essential that the prosthetic valve being placed have hemodynamics as good as and
hopefully better than the valve being replaced. Nonetheless, one must remember
that placing a prosthetic valve introduces at least a 1–2% annual risk for each of the
prosthetic-related complications, including endocarditis, thromboembolism, and
bleeding.

5. When indications for aortic valve surgery are met and an enlarged aorta� 4.5 cm
is present, the ascending aorta should also be replaced. Although this is a
standard criterion for bicuspid valves, it is not inappropriate for patients with
trileaflet valves.

E. Preoperative considerations

1. Coronary angiography should be performed in any patient over the age of 40 or in a
younger patient with coronary risk factors, angina, or a positive stress test.

2. Ischemic syndromes in patients with AS require judicious management. Medi-
cations that must be used very cautiously are those that can reduce preload
(nitroglycerin), afterload (calcium channel blockers), or heart rate (b-blockers),
because they may lower cardiac output and precipitate cardiac arrest in a patient
with critical AS. The ventricular response to atrial fibrillation must be controlled,
and cardioversion should be performed if this rhythm is poorly tolerated.

3. Dental work should be performed before surgery tominimize the risk of prosthetic
valve endocarditis unless it is felt to be a prohibitive risk.

4. Selection of the appropriate procedure and valve type depends on a number of
factors, including the patient’s age, contraindications to long-term anticoagula-
tion, and the patient’s desire to avoid anticoagulation.

F. Surgical procedures

1. Aortic valve procedures may be performed through a full median sternotomy
incision or through a minimally invasive incision. These include an upper or lower
sternotomywith a “J” or “T” incision into the third or fourth intercostal space, or an
anterior right second or third interspace incision.102,103 Cannulation for CPB for
minimally invasive approaches can be performed either through the incision or
using the femoral vessels.

2. Aortic valve replacement with either a tissue or mechanical valve is the standard
treatment for AS (Figure 1.8).

a. In general, tissue valves are selected for patients>age 65 to avoid use of warfarin.
Current-generation tissue valves have anticalcification treatment to reduce the
risk of structural valve deterioration, and thus these valves are being used more
commonly in younger patients.

b. A stentless valve may be selected to provide a larger effective orifice area and
may be placed in the subcoronary position or as a root replacement.104

Significant clinical benefits of this valve are controversial, and the operation
is more complex (Figure 1.9).

c. The Ross procedure, in which the patient’s own pulmonary valve is used to
replace the aortic root, with the pulmonary valve replaced with a homograft
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(basically a double valve operation for single valve disease), is an even more
complicated procedure generally reserved for patients younger than age 50 who
wish to avoid anticoagulation (Figure 1.10).105

d. Homografts are usually reserved for patients with aortic valve endocarditis,
although other types of prostheses arguably provide comparable results.106–109

e. An aortic root replacement, usually as a valved conduit, is indicated when the
ascending aortamust also be replaced (Figure 1.11).110 If the sinuses of Valsalva
are not dilated, replacing the aortic valve and using a supracoronary graft
simplifies the procedure.

3. Reparative procedures, such as commissurotomy or debridement, have little role
in the management of critical aortic stenosis. However, debridement may be

Figure 1.8 . Aortic valve replacement. (A) A transverse aortotomy incision is made and holding

sutures are placed. (B) The valve is excised, and the annulus is debrided and sized. (C,D)
Pledgeted mattress sutures are placed through the annulus and through the sewing ring of the

valve, which is tied into position. The aortotomy is then closed.
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Figure 1.9 . Stentless valves have a larger effective orifice than stented valves, allowing formore
regression of LV hypertrophy. (A) The proximal suture line sews the lower Dacron skirt of the

prosthesis to the aortic annulus. (B) Subcoronary implantation of a Medtronic Freestyle valve.

This requires scalloping of two sinuses with the distal suture line carried out below the coronary

ostia. (C) A stentless valve can be used as a root replacement, requiring reimplantation of buttons
of the coronary ostia. The distal suture line is an end-to-end anastomosis to the aortic wall.
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Figure 1.10 . Ross procedure. (A) The aorta is opened and the diseased aortic valve is removed.

Thepulmonic valve andmainpulmonary artery are carefully excised and the coronary arteries are

mobilized. (B) The pulmonary autograft is then transposed to the aortic root. (C) The coronary

arteries are reimplanted and the RV outflow tract is reconstructed with a cryopreserved
pulmonary valved homograft.
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considered in the patient withmoderate AS in whom the valve disease is not severe
enough to warrant valve replacement, but in whom decalcification may delay
surgery for a number of years.

4. Transcatheter aortic valve implantation (TAVI) involves placement in the aortic
root of a tissue valve mounted on a catheter that is advanced either antegrade
through the LV apex (via a left thoracotomy) or retrograde through the femoral
vessels (Figure 1.12). Using rapid ventricular pacing, the device is positioned
fluoroscopically at the level of the aortic annulus amidst the diseased valve and then
inflated manually. Potential serious complications include migration, coronary
obstruction, and stroke. Technical complications noted during apical implantation
include acute aortic andmitral regurgitation, septal hematomas, and apical rupture.
Early trials have limited inclusion criteria primarily to patients considered too high

Figure 1.11 . Bentall procedure. (A) The aorta is opened longitudinally and then divided

proximally anddistally. (B)Coronaryostial buttons aremobilized. (C,D)Avalve incorporated into
theproximal endof the conduit is then sewn to the aortic annulus. (E) The coronaryostial buttons

are reimplanted and the distal suture line is completed.
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risk for surgery, with a resultant mortality rate consistently exceeding 10%. The
role for transcatheter AVR in patients who are surgical candidates has yet to be
defined.111–115 Matched for annular size, percutaneous valves have been shown to
be superior in hemodynamic performance to both stented and stentless bio-
prosthetic valves.116

V. Aortic Regurgitation
A. Pathophysiology.88 Aortic regurgitation (AR) results from abnormalities in the aortic

valve leaflets (calcific degeneration, bicuspid valves, destruction from endocarditis) or
from aortic root dilatation that prevents leaflet coaptation (idiopathic root dilatation
causing annuloaortic ectasia, aortic dissection with cusp prolapse).

1. Acute AR usually results from endocarditis or a type A dissection. The ventricle is
unable to dilate acutely to handle the sudden increase in regurgitant volume which
increases the LV end-diastolic volume (LVEDV) and pressure (LVEDP), resulting
in acute LV failure, cardiogenic shock, and pulmonary edema. Dramatic elevations
in filling pressures may occur if acute AR is superimposed on a hypertrophic
ventricle. Acute myocardial ischemia may result from increased afterload (LV
dilatation), compensatory tachycardia, and a reduction in perfusion pressure as the
LVEDP approaches the aortic diastolic pressure. As a result, sudden death may
occur.

2. ChronicARproduces pressure and volume overload of the left ventricle, resulting in
progressive LV dilatation (increase in LVEDV) with an increase in wall stress, an
increase in ventricular compliance, and progressive hypertrophy. Most patients
remain asymptomatic for decades, even with severe AR, because recruitment of
preload reserve and compensatory hypertrophy maintain a normal EF despite the
increased afterload. The increased stroke volume maintains forward output and is
manifest by an increase in pulse pressure with bounding peripheral pulses. Even-
tually, increased afterload and impaired contractility lead to LV systolic dysfunction
and a fall in EF. Usually at this point, the patient becomes symptomatic with

(A) (B) (C)

Figure 1.12 . Transcatheter aortic valve implantation (TAVI). (A) Using the transapical
approach, awire is placed through the aortic valve overwhichaballoon is used todilate the valve.

(B) Using fluoroscopic imaging, the catheter is positioned across the valve, and (C) the valve is

inflated.
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dyspnea, and impairment of coronary flow reserve may cause angina. The normali-
zation of a depressedEFmay occur after surgerywhen afterload excess is the cause of
LV systolic dysfunction, but is less likely when it is caused by depressed myocardial
contractility.

B. Diagnosis. Echocardiography and aortic root aortography at the time of catheteriza-
tion can delineate the degree of AR (Figure 2.8, page 99). Echo is valuable in assessing
the valve morphology, aortic root size, LV cavity dimensions, wall thickness, and
systolic function. Color and pulsed wave Doppler findings can be used to assess the
degree of AR.

C. Indications for surgery

1. Symptomatic patients with severe AR, irrespective of LV systolic function or LV
size, should undergo surgery (class I).Without surgery, the estimatedmortality rate
is >10%/year for patients with angina and >20%/year for patients with CHF.
Symptomatic patients with LV dysfunction and severely dilated hearts are consid-
ered high risk, because they often have irreversible myocardial damage.

2. Endocarditis with hemodynamic compromise, persistent bacteremia or sepsis,
conduction abnormalities, recurrent systemic embolization from vegetations, large
mobile vegetations, or annular abscess formation should prompt urgent surgery (see
section IX, pages 39–41).

3. Asymptomatic patientsmust be followed closely for the development of symptoms
or evidence of ventricular decompensation. Although the rate of progression to
symptoms or LV dysfunction in asymptomatic patients with normal LV systolic
function is only about 4%/year, about 25% of patients may develop LV dysfunction
or die before they become symptomatic. Both medical survival and surgical
operative and long-term survival are influenced significantly by impaired LV
function. Thus, in asymptomatic patients, surgery is indicated at the earliest signs
of LV decompensation:

a. Class I: EF<50% at rest. Symptoms develop in these patients at a rate of
25%/year.88

b. Class IIa: EF>50% but severe LV dilatation (end-diastolic dimension>75mm
or end-systolic dimension>55mm). These patients are at high risk for sudden
death.

c. Class IIb: EF>50% with less severe LV dilatation (end-diastolic dimension
>70mm or end-systolic dimension>50mmwhen there is evidence of progres-
sive dilatation, declining exercise tolerance, or abnormal hemodynamic response
to exercise.

4. In patients with severe AR from annuloaortic ectasia with an enlarged aortic root, it
is recommended that the aorta be replaced if it exceeds 4.5 cm in diameter (and
perhaps 4.0 cm in patients with Marfan syndrome).

D. Preoperative considerations

1. Systemic hypertension should be controlled with vasodilators to increase forward
flow and reduce the degree of regurgitation. However, excessive afterload reduction
may reduce diastolic coronary perfusion pressure and exacerbate ischemia. b-block-
ers for control of ischemiamust be used cautiously because a slowheart rate increases
the amount of regurgitation. They are contraindicated in acuteARbecause theywill
block the compensatory tachycardia.
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2. Placement of an IABP for control of anginal symptoms is contraindicated.

3. As for all valve patients, dental work should be completed before surgery.

4. Contraindications to warfarin should be identified so that the appropriate valve can
be selected.

E. Surgical procedures

1. Aortic valve replacement has traditionally been the procedure of choice for adults
with AR. This may involve use of a tissue or mechanical valve, the Ross procedure,
or a cryopreserved homograft.

2. Aortic valve repair, involving resection of portions of the valve leaflets and
reapproximation to improve leaflet coaptation (especially for bicuspid valves), often
with a suture annuloplasty, has been performed successfully. This is valuable in the
younger patient in whom a valve-sparing procedure is preferable to valve
replacement.117

3. A valved conduit (Bentall procedure) is placed if an ascending aortic aneurysm
(“annuloaortic ectasia”) is also present (Figure 1.11). In younger patients, manu-
facturedmechanical valved conduits are preferable, but if there is a strong indication
for avoiding anticoagulation, sewing a tissue valve into a graft can easily be
accomplished.118,119 Alternatively, a Medtronic Freestyle stentless valve can be
placed with distal graft extension to replace an aortic aneurysm.120

4. Aortic valve-sparing root replacement is feasible in some patients with significant
AR if adequate remodeling of the root can be accomplished, and it can be used
successfully even in patients with bicuspid valves orMarfan syndrome (Figure 1.13).

Figure 1.13 . Aortic valve-sparing root replacement. (A) The aortic root is resected, sparing

thepillars that support the commissures andexcising the coronary arteries as buttons. (B) Sutures
are placed at the subannular level in a horizontal plane and passed through a tubular graft.

(C) The graft is tied down and the aortic valve is reimplanted within the graft by elevating the

commissural posts, suspending them from the graft, and sewing the aortic remnants to the graft.
Finally, the coronary buttons are reimplanted.
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The aorta is resected, sparing commissural pillars.A graft is then sewn at the subannular
level, the aortic valve is resuspended within the graft, and the aortic remnants are sewn
to the graft. Coronary ostial buttons are then sewn to the graft.121–123

5. Transcatheter AVR is generally not applicable to cases of AR because the absence of
calcification prevents adequate seating of the valve.

VI. Mitral Stenosis
A. Pathophysiology.88 Mitral stenosis (MS) occurs nearly exclusively as a conse-

quence of rheumatic fever. Thickening of the valve leaflets with commissural
fusion, and thickening and shortening of the chordae tendineae gradually reduce
the size of the mitral valve orifice and the efficiency of LV filling. The increase in
the diastolic transmitral gradient increases the left atrial and pulmonary venous
pressures, leading to CHF. An adaptive measure that can minimize symptoms is a
decrease in pulmonary microvascular permeability and the development of pulmo-
nary arteriolar vasoconstriction and thickening, which leads to pulmonary hyper-
tension (PH). This may then lead to right-sided heart failure and functional
tricuspid regurgitation (TR). As the severity of MS and PH worsen, the cardiac
output is compromised at rest and fails to increase with exercise. The development
of atrial fibrillation further increases LA pressures, decreases ventricular filling, and
compromises cardiac output.

B. Natural history. MS is a slowly progressive process which may not produce symp-
toms for several decades. The minimally symptomatic patient has an 80% 10-year
survival, but once the patient becomes significantly symptomatic, survival is very poor,
with less than a 15% 10-year survival. Severe pulmonary hypertension (pulmonary
artery [PA] pressure>60 mmHg) is associated with an average survival of less than 3
years. Therefore, intervention should be considered when the patient develops class
II–III symptoms.

C. Diagnosis. The severity of MS can be determined by echocardiography or cardiac
catheterization (Table 1.2). Echo is valuable in assessing the severity of MS by the
continuity equation, estimating the PA pressure from the tricuspid velocity jet, and
evaluating valve morphology using an echo score.124 This assesses leaflet mobility,
thickening, calcification, and subvalvular thickening and can be used to determine
whether the valve is amenable to balloon valvuloplasty.

Table 1.2 . Measurement of the Severity of Mitral Stenosis

Indicator Mild Moderate Severe

Mean gradient (mm Hg) <5 5–10 >10

PA systolic pressure (mmHg) <30 30–50 >50

Mitral valve area (cm2) >1.5 1.0–1.5 <1.0
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At catheterization, the mitral valve area is calculated from measurements of the
cardiac output and the transvalvular mean gradient (pulmonary capillary wedge
pressure [PCWP] minus the LV mean diastolic pressure). The PA pressure should
be measured by right-heart catheterization.

MVA ¼ CO=ðDFP�HRÞ
37:7� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

mean gradient
p

where:

MVA¼mitral valve area in cm2 (normal¼ 4–6 cm2)

DFP¼ diastolic filling period/beat

mean gradient¼PCWP – left ventricular mean diastolic pressure

D. Indications for intervention

1. An interventional procedure is indicated for a patient in NYHA class III–IV with
moderate or severe mitral stenosis (MVA<1.5 cm2). It may also be considered for
patients with class II symptoms when criticalMS (MVA<1 cm2) is present and for
other patients with lesser degrees of MS when exercise testing precipitates
significant hemodynamic changes.

2. Percutaneous balloonmitral valvuloplasty (PBMV) is the procedure of choice for
patients with moderate-to-severe MS if valve morphology is favorable by echo
score. This generally results in a doubling of the valve area and a 50% reduction in
the mean gradient, with excellent long-term results. The presence of left atrial
thrombus or more than 2þ MR usually contraindicates this procedure.

a. Class I: symptomatic class II–IV patients

b. Class IIa: symptomatic class III–IV patients with moderate or severe MS with
nonpliable calcified valves who are not good surgical candidates

c. Class IIb
. Symptomatic class II–IV patients withMVA>1.5 cm2 but hemodynamically
significant MS (PA>60mmHg, PCWP>25mm Hg, or mean gradient
>15mm Hg with exercise or dobutamine stress echo)

. Asymptomatic patients with pulmonary hypertension (PA>50mmHg at rest
or >60mm Hg with exercise) or new-onset atrial fibrillation

3. Surgery is indicated when PBMV is contraindicated or not feasible due to
unfavorable valve morphology, left atrial thrombus, or 3�4þ MR.

a. Class I
. Symptomatic class III–IV patients with MVA<1.5 cm2

. Symptomatic patients with moderate-to-severe MS and moderate-to-severe
MR

b. Class IIa: symptomatic class I–II patients with severeMS and PA>60mmHg
– surgery is generally indicated with these hemodynamics even if the patient is
asymptomatic

c. Class IIb: asymptomatic patients withMVA<1.5 cm2 with recurrent embolism
on anticoagulation if valve repair can be performed

E. Preoperative considerations

1. Hemodynamic performance is frequently compromised by a low cardiac output
state, which can be worsened by the presence of atrial fibrillation. A rapid
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ventricular response will shorten the diastolic filling period, reduce LV preload,
and elevate LA pressures. Thus, the ventricular response to AF is best controlled
in the perioperative period by b-blockers or calcium channel blockers, although
many patients are on digoxin for chronic rate control, which can be continued up
to the time of surgery. There is usually a delicate balance between fluid overload,
which can precipitate pulmonary edema, and hypovolemia from aggressive
diuresis, which can compromise renal function when the cardiac output is
marginal. Thus, preload must be adjusted judiciously to ensure adequate LV
filling across the stenotic valve.

2. Many patients with long-standing MS are cachectic and at increased risk
for developing respiratory failure. Aggressive preoperative diuresis and
nutritional supplementation may reduce morbidity in the early postoperative
period.

3. Warfarin used for AF, left atrial thrombus, or a history of systemic embolism
should be stopped 4 days before surgery. If the patient is considered at high risk for
embolization, outpatient low-molecular-weight heparin may be prescribed, but
must be stopped at least 18–24 hours before surgery. Admission for unfractionated
heparin the day before surgerymay be considered once the international normalized
ratio (INR) falls below the therapeutic range.

F. Surgical procedures

1. Closed mitral commissurotomy has been supplanted by PBMV, which produces
superior results. Either should be considered in the pregnant patient with critical
MS in whom CPB should be avoided.

2. Open mitral commissurotomy is performed if PBMV is not considered to be
feasible or there is evidence of left atrial thrombus. It produces better hemody-
namics than either a PBMV or a closed commissurotomy and is associated with
improved long-term event-free survival, especially in patients with high echo scores
or atrial fibrillation.125 Although recurrent symptoms are noted in 60% of patients
after 9 years, most symptoms are related to the development ofMR orCAD, not to
recurrent MS.88

3. Mitral valve replacement (MVR) is indicated if the valve leaflets are calcified and
fibrotic or there is significant subvalvular fusion (Figure 1.14).

4. A Maze procedure should be considered in a patient with either paroxysmal or
persistent AF. The “cut and sew” Cox-Maze procedure has been replaced by use of
energy sources (usually radiofrequency, cryoablation, or high-frequency ultra-
sound) that can be applied to create transmural ablation lines in well-described
patterns to ablate this arrhythmia with fairly good success rates (see section XIII,
pages 54–57).126–128

5. Although functional TR usually improves after left-sided surgery, tricuspid valve
repair is recommended for patients with significant TR. It has also been recom-
mended for patients with significant RV dilatation with lesser degrees of TR,
especially when the pulmonary vascular resistance (PVR) is elevated, AF is present,
or the left atrium is significantly enlarged.129–131However, although tricuspid valve
repairmay improve the functional outcome in patients with significant TR andmay
prevent the progression of TR in those with lesser degrees of TR, neither strategy
may improve long-term survival.132
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Figure 1.14 . Mitral valve replacement via the posterior approach. (A) The left atrium is opened

behind the intraatrial groove and the retractor is positioned. Although both leaflets may be

retained, the anterior leaflet is usually resected. (B) Theposterior leaflet is retainedand imbricated

into the suture line. (C) Pledgeted mattress sutures are placed through the annulus, through or
around the valve tissue, and into the sewing ring. The valve is then tied intoposition. The left atrial

appendage may be oversewn from inside the left atrium.
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VII. Mitral Regurgitation
A. Pathophysiology.88,133 Mitral regurgitation (MR) may result from abnormalities

of the annulus (dilatation), valve leaflets (myxomatous change with redundancy and
prolapse, leaflet defect or damage fromendocarditis, leaflet shrinkage from rheumatic
disease), chordae tendineae (rupture, elongation), or papillary muscles (rupture,
ischemic dysfunction).

1. Acute MR usually results from myocardial ischemia or infarction with papillary
muscle rupture, from endocarditis, or from idiopathic chordal rupture. Acute left
ventricular volume overload develops with a reduction in forward output and
regurgitant flow into a small noncompliant left atrium. This may result in both
cardiogenic shock and acute pulmonary edema.

2. ChronicMR is a condition of volumeoverload that is characterizedby a progressive
increase in compliance of the left atrium and ventricle, followed by progressive
increase in LVEDV as the LV dilates. The increase in preload increases overall
stroke volume and maintains forward cardiac output. At the same time, there is a
decrease in afterload due to ventricular unloading into the left atrium, so that a
normal EFmay be maintained despite contractile dysfunction. Patients are usually
asymptomatic during this compensatory phase and may remain so even as
ventricular decompensation occurs. Eventually, prolonged volume overload causes
significant contractile dysfunction, more LV dilatation, an increase in end-systolic
volume and elevated filling pressures. This reduces forward output and worsens
symptoms of CHF. The progression ofMR and assessment of LV dimensions and
function should be followed by serial echocardiograms.

3. “Ischemic MR” may be acute or chronic. Acute MR may be the result of a
mechanical complication, such as papillarymuscle rupture, or itmay be functional,
due to ongoing ischemia. Chronic “ischemic MR” may develop following a
myocardial infarction either from annular dilatation that prevents leaflet coapta-
tion or from papillary muscle displacement from LV remodeling that produces
apical tethering of the leaflets. The prognosis of ischemicMR is worse because the
MR results from LV dysfunction, not from primary disease of the mitral valve or
chordae tendineae.

B. Diagnostic evaluation

1. Left ventriculography may be used to assess LV function and the degree of MR,
but it is frequently insensitive in assessing its severity, which may depend on
catheter position, the amount and force of contrast injection, the size of the left
atrium or ventricle, and the presence of arrhythmias or ischemia.

2. Transesophageal echocardiography (TEE) is the best technique to determine the
degree and nature of the MR, and it also assesses the status of LV function and
provides an estimate of PA pressures. It can define whether MR is functional on
the basis of a dilated annulus or enlargedLVwith apical tethering of the leaflets, or
whether it is primarily from leaflet prolapse with chordal elongation or rupture.
Generally, single-leaflet prolapse produces eccentric jets (Figure 2.16, page 109)
whereas annular dilatation causes central MR. Apical tethering will also produce
eccentric jets. TEE assessment is invaluable to the surgeon in helping to
determine whether a valve can be repaired, what type of repair may be necessary,
or whether replacement is indicated from the outset.
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3. A discrepancy is often noted between the degree of MR identified preoperatively
in the awake patient and that assessed under general anesthesia, which alters
systemic resistance and loading conditions. Thus, a preoperative TEE is impor-
tant to quantitate the degree of MR and define the precise anatomic mechanism
for the MR.

C. Indications for surgery

1. Class I

. Symptomatic acute MR (usually CHF or cardiogenic shock)

. Symptomatic class II–IV patients with chronic severeMR as long as EF>30%
and/or end-systolic dimension>55mm

. Acute endocarditis with hemodynamic compromise, persistent bacteremia or
sepsis, annular abscess, recurrent systemic embolization from vegetations, or
threatened embolization from large vegetations (Figure 2.17, page 110)

. Asymptomatic patients with chronic severe MR and EF 30–60% and/or end-
systolic dimension� 40mm

2. Class IIa: patients with very advanced MR with class III–IV symptoms, EF
<30%, and/or end-systolic dimension>55mm if repair is highly likely.

3. Class IIb: asymptomatic patients with chronic severe MR and EF>60% with
end-systolic dimension<40mm (if repair likely), new onset of atrial fibrillation,
or PA>50mm Hg at rest or >60mm Hg with exercise. In many experienced
centers, repair is recommended in asymptomatic patients with severe MR and
normal LV function to prevent the long-term sequelae of chronic MR.

4. Persistence of AF after mitral valve surgery alone is more likely when LA size
exceeds 50mm or AF has been present over 6 months. Because of the adverse
influence of postoperative AF on outcome in patients with nonischemic MR
(reduced survival, late cardiac function, and freedom from late stroke), a Maze
procedure with obliteration of the left atrial appendage is recommended.134,135 It
should also be considered in patients with AF and ischemic MR, primarily to
reduce the risk of stroke. Reducing the size of a dilated left atrium may improve
atrial mechanical function and improve the results of a Maze procedure.136

5. In patients with CAD requiring CABGwho also have concomitant MR, degen-
erativeMR of grade 3�4þ should generally be repaired. Although ischemicMR
may improve after myocardial revacularization, this is often unpredictable, and
moderate-to-severe ischemicMR should be addressed bymitral repair or replace-
ment. The effect of residual moderateMR on long-term survival is unclear, being
comparable in some studies and worse in others.137,138

6. In patients with concomitant severe AS and moderate MR, the severity of MR
improves in about two-thirds of patients after AVR, with comparable survival to
those in whom mitral valve repair is performed.139 However, the likelihood of
improvement is greater in patients with functional MR, a small left atrium,
preoperative CHF, andAR as the indication for surgery.140 If degenerativeMR is
present with single-leaflet prolapse and eccentric jets, it is unlikely that the MR
will improve after relief of the outflow tract obstruction, and consideration should
be given to repairing 2–3þ MR.

D. Preoperative considerations

1. PatientswithacuteMRaresusceptible topulmonaryedemaandmultisystemorgan
failurefromareducedforwardcardiacoutput.Useof inotropes, vasodilators, andan
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IABPcantransiently improvemyocardial functionandforwardflowinanticipation
of urgent cardiac catheterization and surgery. Intubation and mechanical ventila-
tion are frequently required for progressive hypoxia or hypercarbia.Diureticsmust
be used judiciously to improve pulmonary edema while not creating prerenal
azotemia. Some patients with chordal rupture who present with acute pulmonary
edema may stabilize and develop chronic MR that can be treated electively.

2. Patients with chronicMR are managed with diuretics to reduce preload and with
vasodilators, such as the ACE inhibitors, to improve forward flow. However,
ACE inhibitors are only indicated if the patient is symptomatic and has
hypertension or systolic dysfunction. ACE inhibitors should not be given the
morning of surgery because of concerns about perioperative hypotension associ-
ated with their use.

3. Adequate preload must be maintained to ensure forward output while carefully
monitoring the patient for evidence of CHF. Systemic hypertension should be
avoided because it will increase the amount of regurgitant flow. If the patient has
ischemic MR or a borderline cardiac output, use of systemic vasodilators or an
IABP generally improves forward flow.

E. Surgical procedures

1. Mitral valve reconstruction is applicable to more than 90% of patients with
degenerative MR, although success rates are greater for posterior than anterior
leaflet repairs. Techniques include annuloplasty rings, leaflet repairs, and chordal
transfers and replacement (Figure 1.15).141,142 These reparative techniques can
also be applied to patients with mitral valve endocarditis.143–145 Mitral valve
repair gives a survival advantage over mitral valve replacement in patients with
degenerative MR and coexisting CAD,146 but advantages of repair over replace-
ment for ischemic MR are not as well defined.147,148 Thus, the decision to repair
or replace a valve for ischemic MR can be difficult and depends on an under-
standing of the pathophysiology of the MR and patient-related factors.

2. Mitral valve replacement (MVR) is indicated when satisfactory repair cannot be
accomplished. Acute MR from papillary muscle rupture usually requires MVR.
Chordal preservation of at least the posterior leaflet should be considered for all
MVRs performed for MR. This improves ventricular function and will minimize
the risk of LV rupture.

3. Traditional mitral valve operations have been performed through a median
sternotomy incision. Other “minimal access” approaches, such as an upper
sternotomy incision (using the “superior” approach to the valve between the
aorta and superior vena cava), a right parasternal incision (using the biatrial
transseptal approach), or a right anterolateral thoracotomy or lower sternotomy
incision (using the posterior approach behind the interatrial septum) can also be
considered. CPB can be established either directly through the chest or through
the femoral vessels. Minimally invasive video-assisted surgery has seen increasing
applicability in patients undergoing mitral valve repairs and replacements, where-
as a robotic approach has been limited primarily to patients undergoing mitral
valve repairs.149–152

4. A concomitant Maze procedure should be performed in patients with either
paroxysmal or persistent AF.

5. Functional TR should be managed as noted on page 31 above.
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VIII. Tricuspid Valve Disease
A. Pathophysiology.153 Tricuspid stenosis (TS) is very rare, usually developing as a

result of rheumatic heart disease in association with mitral stenosis. Tricuspid
regurgitation (TR) most commonly is “functional” in nature, occurring as a
consequence of advanced mitral valve disease which leads to pulmonary hyper-
tension, RV dilatation, and tricuspid annular dilatation. RV systolic dysfunction
contributes to elevated right atrial and systemic venous pressures, producing signs
of right-sided heart failure. Atrial fibrillation is common. Forward output may
also be reduced, resulting in fatigue and a low output state. Other common causes
of TR include endocarditis (usually with intravenous drug abuse, an indwelling
pacemaker wire, or hemodialysis catheter) and pulmonary hypertension, inde-
pendent of etiology.

B. Diagnosis. Clinical examination in TR will reveal a systolic murmur that increases
with inspiration, prominent jugular venous pulsations, and occasionally a pulsatile
liver. The diagnosis is confirmed by echocardiography,which can assess the tricuspid
valve anatomy, the severity ofTR,RV size and function, provide estimates of PAand
RV pressures, and identify associated contributing pathology.

Figure 1.15 . Mitral valve repair. The most common pathology involves a flail posterior mitral
leaflet. (A) A quadrangular excision ismade as indicated by the dotted lines and the flail segment

is resected. The remaining leaflet tissuemay be incised along the annulus. (B) It is then advanced

and reattached to the annulus (“sliding plasty”). (C) The leaflet tissue is then approximated, and

(D) an annuloplasty ring is placed.
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C. Indications for surgery

1. Tricuspid stenosis. Surgery is indicated for class III–IV symptoms, including
hepatic congestion, ascites, and peripheral edema that are refractory to salt
restriction and diuretics.

2. Tricuspid regurgitation

a. Class I: TV repair is indicated when severe TR is present with mitral valve
disease requiring mitral valve surgery.

b. Class IIa: TV repair (annuloplasty) or replacement (if leaflets not amenable to
repair) is reasonable for symptomatic, severe primary TR. Note that the
surgical risk is high in the presence of severe pulmonary hypertension (PA
systolic > 60mm Hg) in the absence of left-sided valve disease, especially if
RV dysfunction is present.

c. Class IIb: TV annuloplasty is reasonable if less than severe TR is noted at
the time of mitral valve surgery, but pulmonary hypertension or a dilated
tricuspid annulus is present. These patients may subsequently develop RV
dysfunction and worsening TR, although the impact on long-term clinical
outcome is not clear.129–132

d. Persistent sepsis or recurrent pulmonary embolization from tricuspid valve
vegetations is an indication for surgery.

e. Class III: surgery should not be considered in asymptomatic patients with a
PA pressure < 60mm Hg and no mitral valve disease.

D. Preoperative considerations

1. Passive congestion of the liver resulting from elevated right-heart pressures frequently
leads to coagulation abnormalities, which should be treated aggressively before and
during surgery. Frequently, these patients have uncorrectable INRs before surgery.

2. Salt restriction and diuretics may improve hepatic function, but significant
improvement in liver function tests may not be possible until after surgery.

3. Maintenance of an elevated central venous pressure is essential to achieve
satisfactory forward flow. A normal sinus mechanism provides better hemody-
namics than atrial fibrillation, although the latter is frequently present. Slower
heart rates are preferable for TS, and faster heart rates for TR.

E. Surgical procedures

1. Tricuspid commissurotomy can be performed for rheumatic TS.

2. Tricuspid annuloplasty with a ring (Carpentier) or suture technique (DeVega or
bicuspidization) is feasible and preferred for themajority of patients with annular
dilatation and functional TR (Figure 1.16).154

3. Tricuspid valve replacement (TVR) is necessary when leaflet shrinkage and poor
coaptation prevent an annuloplasty technique from eliminating the TR. There is
no particular preference for valve selection. Tissue valves have a lower risk of
thromboembolism than mechanical valves when placed in the right heart, and
valve survival may be better due to lower stress on the valve leaflets. Tissue valves
may also be preferable because long-term survival after TVR is somewhat
limited, most likely because it reflects more advanced multivalvular disease. The
overall mortality rate for TVR is consistently about 20%, because most patients
are in a higher functional class and have pulmonary hypertension.155–158
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4. Due to the necessity of placing sutures near the conduction system, patients are
more prone to developing heart block after tricuspid valve surgery. If there are
concerns that permanent pacing may be required, epicardial pacing leads should
be placed on the right ventricle, pacing and sensing thresholds are determined,
and the pacing leads are buried in a subcutaneous pocket for later attachment to a
permanent pacemaker. In one report, more than 20% of patients required
postoperative permanent pacemakers.159

5. The management of tricuspid valve endocarditis is noted in the next section.

Figure1.16 . Tricuspid valve repair involves reductionof annular dilatation to correct functional

tricuspid regurgitation. (A,B) The circumferential suturing technique (DeVega repair). (C,D)

Placement of an annuloplasty ring. Note the location of the coronary sinus and the proximity of
the conduction system to the repair.
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IX. Endocarditis
A. Pathophysiology. Endocarditis can result in the destruction of valve leaflets, invasion

of surrounding myocardial tissue, systemic embolization of valve vegetations, or
persistent systemic sepsis. Embolization is more likely with mitral than aortic valve
involvement, staphylococcal organisms, and large or mobile vegetations. Native valve
endocarditis is most commonly caused by Streptococcus viridans, Staphylococcus aureus,
or coagulase-negative staph. Tricuspid valve endocarditis is usually caused by intra-
venous drug abuse, although the left-sided valves are actually more commonly
involved with IV drug abusers.160 The incidence of prosthetic valve endocarditis
(PVE) is approximately 0.5–1% per patient-year for most mechanical and tissue
valves. It is most commonly caused by staph organisms.

B. Indications for surgery in native valve endocarditis 88

1. Class I indications include:

a. Presence of moderate-to-severe CHF from regurgitant lesions. Surgery should
not be delayed if cardiogenic shock is present unless the likelihood of recovery
from complications (severe stroke) is remote.

b. Hemodynamically significant regurgitant lesions (elevated LVEDP or LA
pressures or moderate-to-severe pulmonary hypertension)

c. Evidence of local extension resulting in aortic or annular abscesses (usually
manifest by heart block) or destructive lesions (intracardiac fistulas, mitral
leaflet perforation from aortic valve endocarditis)

d. Organisms unlikely to be adequately treated with antibiotics alone, especially
fungal endocarditis

e. Persistent sepsisorbacteremiadespite antibiotics formore than1week, especially
with staph infections.This is commonlynotedwith theabove twoindications and
should be considered an indication for proceeding with urgent surgery, although
not listed as an indication in the ACC guidelines. Surgery during septic shock
portends a verypoorprognosiswith anoperativemortality rate exceeding50%.161

2. Class IIa: recurrent embolization and persistent vegetations despite antibiotic
treatment. Note that the incidence of embolization decreases significantly once
antibiotic therapy has been initiated, but evidence of increasing vegetation size on
antibiotics may predict later embolization.162,163

3. Class IIb: mobile vegetations >10 mm in diameter even in the absence of
documented embolization. These vegetations, especially on the mitral valve, have
an increased risk of embolization.

C. Indications for surgery in prosthetic valve endocarditis (PVE) 164

1. Class I

a. Heart failure

b. Valve dehiscence (unstable prosthesis or perivalvular leak)

c. Evidence of increasing valvular obstruction or worsening regurgitation

d. Complications, such as abscess formation or heart block

e. Fungal etiology

2. Class IIa

a. Persistent bacteremia or recurrent emboli despite antibiotics

b. Relapsing infection
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D. Preoperative considerations

1. TEE is the gold standard for the identification of endocarditis and ismore sensitive
and specific than transthoracic echocardiography in identifying and quantifying
the size andmobility of vegetations, detecting annular destruction, and identifying
valvular abnormalities (Figure 2.17, page 110).

2. Ideally, the patient should receive a 6-week course of antibiotics prior to surgery to
reduce the risk of PVE, because the risk of prosthetic valve endocarditis is lowered
from about 10% to 2% once a successful course of antibiotics has been completed.
However, hemodynamic deterioration and intracardiac invasion are compelling
indications that mandate earlier surgery. Attempts should be made to optimize
hemodynamic and renal status before operation, but surgery should not be delayed
if there is evidence of progressive organ system deterioration.

3. Appropriate timing of surgery in patients suffering cerebral embolization is contro-
versial. Somereports suggest that the risk of exacerbating a cerebral insult is greatest if
surgery is performedwithin 2–3 weeks of the embolic event, primarily from cerebral
edema rather than from hemorrhage.165,166 However, others suggest that earlier
surgery can be performed safely and should be considered within several days to
prevent recurrent embolization from persistent vegetations, as long as an immediate
preoperativeCTscan showsno hemorrhage.167–169 In these situations, the benefit of
surgery usually exceeds the risk. However, in patients with a hemorrhagic stroke, the
risk of early surgery is high and it should be delayed at least 3–4 weeks, if possible.

4. The appropriate antibiotics should be given for a total perioperative course of
6 weeks. However, if intraoperative cultures are positive, 6 weeks of postoperative
antibiotics are generally recommended.

5. Patients with aortic valve endocarditis may have evidence of heart block from
involvement of the conduction system by periannular infection. This may require
preoperative placement of a transvenous pacing wire.

6. Coronary angiography should be avoided, if possible, if mobile aortic valve
vegetations are identified.

E. Surgical procedures

1. Surgery entails excision of all infected valve tissue, drainage and debridement of abscess
cavities, and repair or replacement of the damaged valves. An aortic valve homograft is
arguably the valve of choice because of its increased resistance to infection and
adaptability to disrupted tissue in the aortic root.106 However, homograft replacement
is technically quite complex and theoperativemortalitymaybegreaterwhenperformed
by surgeonswithout extensive experiencewith these conduits.Aortic valve replacement
with either mechanical or tissue valves is a satisfactory alternative.108,109 The risk of
prosthetic valve endocarditis on tissue or mechanical valves is fairly comparable.164

2. Mitral endocarditis can frequently be repaired, especially if leaflet perforation is the
primary pathology, and there are proponents of earlier surgery in mitral valve
endocarditis to preserve the patient’s native valve.143–145 More advanced stages of
endocarditis usually require valve replacement.

3. Tricuspid valve repair is recommended for tricuspid endocarditis and should be
attempted aggressively in intravenous drug abusers, who are more prone to
reinfection if a valve replacement is performed.160,170,171 If repair cannot be
accomplished, tricuspid valvulectomy can be performed in patients without
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pulmonary hypertension with few adverse hemodynamic sequelae.172Otherwise, a
tricuspid valve should be placed, accepting the higher risk of recurrence in IV drug
abusers.

X. Hypertrophic Obstructive Cardiomyopathy
A. Pathophysiology. Hypertrophic obstructive cardiomyopathy (HOCM) is character-

ized by diastolic dysfunction and varying degrees of dynamic left ventricular outflow
tract obstruction. The latter most commonly results from hypertrophy of the basal
septum with mitral–septal apposition from systolic anterior motion of the mitral valve
(SAM). This also contributes to mitral regurgitation from incomplete leaflet apposi-
tion. An anomalous papillary muscle insertion into the leaflets can also cause mitral
regurgitation and may contribute to midcavity obstruction, especially with excessive
midventricular hypertrophy. Four different clinical patterns may be noted and they
dictate how HOCM should be managed.173–175

1. Patients generally become symptomatic with congestive heart failure, which is
related to both diastolic dysfunction and outflow tract obstruction. The latter is
most predictive of a worse prognosis. Angina may develop because of abnormal
coronary microvasculature and inadequate capillary density for the degree of
hypertrophy. Syncope may also occur.

2. The risk of sudden death is estimated at 1%/year, but is increased in patients with
any of the following major risk factors: a history of cardiac arrest, sustained
ventricular tachycardia (VT) or repetitive prolonged bursts of nonsustained VT,
a family history of premature HOCM-related death, unexplained syncope, a
hypotensive blood pressure response to exercise, or extreme LVH with wall
thickness over 30 mm.

3. Advanced heart failure may develop with remodeling and systolic dysfunction that
may require heart transplantation.

4. Atrial fibrillationmay develop due to left atrial enlargement in 20–25% of patients
and may contribute to an embolic stroke.

B. Indications and options for intervention174

1. Nopharmacologic regimenhas been shownconclusively to reduce the risk of sudden
death. Therefore, medications are used to alleviate symptoms, which are usually
related to diastolic heart failure. b-blockers or verapamil can be recommended to
patients with or without obstruction. Disopyramide can be added when there is
significantoutflowtractobstructionas itwilldecreaseSAMandtheoutflowgradient.

2. ICD placement should be considered in patients at high risk for sudden death (as
noted above).176

3. Dual-chamber pacing with a short atrioventricular delay to ensure complete
ventricular-paced activation is effective in reducing the gradient by approximately
35% and in improving symptoms.177 Biventricular pacing has been found beneficial
in a few reports of patients with either intraventricular conduction delay or normal
conduction.178,179

4. Further intervention is indicated in patients with a peak gradient>50mmHg and
persistent symptoms despite medications. It may also be considered in asymptom-
atic patients considered at high risk for sudden death, including younger patients
and those with a peak gradient>80mm Hg.
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5. Alcohol septal ablation of the upper septal perforator branch of theLADproduces
an infarct of the upper septum. This should reduce basal septal thickness,
enlarging the LV outflow tract and reducing SAM in appropriately selected
patients. It has been shown to produce a substantial reduction in gradient with
improvement in symptoms and exercise tolerance. Potential complications in-
clude need for a permanent pacemaker in about 10% of patients (up to 40% at 3
years) and the potential creation of an arrhythmogenic focus.180,181 Comparative
studies of alcohol ablation and myectomy have shown comparable clinical
improvement, but a lower gradient and less requirement for pacing with a
myectomy.181

C. Preoperative considerations

1. Measures that produce hypovolemia or vasodilation must be avoided because they
increase the outflow tract gradient. Volume infusions should be used to maintain
preload with the use of a-agonists to maintain systemic resistance.

2. Use ofb-blockers and calcium channel blockers to reduce heart rate and contractility
are themainstay of medical management of HOCMand should be continued up to
the time of surgery.

Figure 1.17 . (A) Hypertrophic obstructive cardiomyopathy is characterized by septal hyper-

trophywhichorients the outflow jet into the anterior leaflet of themitral valve, producing systolic
anterior motion (SAM). An extensive septal myectomy is performed, often requiring a mid-

ventricular resection. (B,C) Using a nerve hook to provide traction, the atypical attachments of

hypertrophied anomalous papillary muscles are partially detached from the ventricular wall and

trimmed. (D) After this procedure, the outflow jet is directed more anteriorly.
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D. Surgical procedures

1. The traditional surgical approach of a left ventricular septal myectomy entailed
resection of a 1.5� 4 cm wedge of septum below the right coronary aortic leaflet
through an aortotomy incision.

2. With further understanding of the mechanism of SAM, the current operation is
more elaborate and involves performing an extended septal myectomy to the base of
the papillary muscles, mobilization and partial excision of the papillary muscles off
the ventricular wall to allow the papillary muscles to assume a more posterior
position in the left ventricle, and anterior mitral leaflet plication if there is any
redundancy. This reduces chordal and leaflet slack that can produce SAM
(Figure 1.17). Resection of midventricular obstruction or anomalous chords and
relief of papillary muscle fusion may be necessary. A successful operation dramati-
cally reduces the gradient, eliminates mitral regurgitation, improves functional
status, and may reduce the risk of sudden death.182–186

3. Mitral valve replacement is indicated if the septal thickness is less than 18 mm, or if
there is atypical septal morphology, significant MR, or failure of the other
procedures to relieve the outflow tract gradient.

XI. Aortic Dissections
A. Pathophysiology. An aortic dissection results from an intimal tear that allows

passage of blood into the media, creating a false channel. This channel is contained
externally by the outer medial and adventitial layers of the aorta. With each cardiac
contraction, the dissected channel can extend proximally or distally, potentially
causing branch artery compromise or rupture as the outer wall weakens. Dissections
involving the ascending aorta are classified as Stanford type A (DeBakey type I–II,
or proximal), whereas those not involving the ascending aorta are called Stanford
type B (DeBakey type III, or distal) dissections (Figure 1.18). The dissection is
termed acute when it is diagnosed within 2 weeks of its onset; otherwise, it is
termed chronic.187,188

B. Presentation

1. TypeAdissection. This is a life-threatening condition thatmust be considered in
any patient presenting to the emergency room with the acute onset of chest pain.
Failure to be aware of the various presentations of type A dissections has led to a
misdiagnosis in up to 40% of patients.189

a. The traditional notion is that patients develop tearing, ripping chest pain that
radiates to the back, but this has been found to be less common than non-
radiating sharp chest pain according to contemporary analyses published by the
International Registry of Acute Aortic Dissections (IRAD).190,191 Two key
elements to the pain are that it is invariably acute in onset and severe in nature –
usually the worst pain the patient has ever experienced. The pain is associated
with the tearing of the aortic wall and its extension; it often abates and may
wax and wane – this may be deceptive to the clinician if this fact is not
appreciated.

b. Depending on the location of the intimal tear and the extent of the dissection,
potential complications include cardiac tamponade fromhemopericardium (the
most common cause of death), aortic regurgitation, myocardial infarction,
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stroke, and branch artery compromise causing malperfusion. The latter may
involve the brachiocephalic vessels, causing syncope, a stroke, or a discrepancy
in upper-extremity blood pressures; the intercostal vessels, causing paraplegia;
the mesenteric or renal vessels, compromising blood flow to the bowel or the
kidneys; or the iliofemoral vessels, reducing distal blood flow to the legs.

c. An elevation in D-dimer levels is usually, but not always, noted in acute
dissections and may be useful in supporting suspicion of the diagnosis.192,193

Another biomarker that is being studied is smooth muscle myosin heavy chain
protein that is released from damaged aortic medial smooth muscle.

2. Type B dissection. This usually presents with back pain that may radiate into the
abdomen. It generally does not cause anterior chest wall pain since the ascending
aorta is not involved. Potential rupture into the mediastinum, pleural spaces or
abdomen may occur. Malperfusion from branch artery compromise from the
descending thoracic and abdominal aorta may occur as noted above.

C. Indications for surgery

1. Type A dissection. Surgery is indicated for all patients unless it is considered to
carry a prohibitive risk because of patient age, overall medical condition and
comorbidities, or the development of extensive renal, myocardial, or bowel
infarction or massive stroke. In selected cases of mesenteric malperfusion, fenes-
tration and stenting may be indicated prior to surgical repair of the site of the
dissection.194,195 Surgery is also indicated for virtually all patients with chronic type
A dissections.

2. Type B dissections. Patients with uncomplicated type B dissections are usually
treated medically. Interventional (endovascular) or surgical procedures are

Figure 1.18 . Classification of aortic dissection. Type A dissections involve the ascending aorta.

Type B dissections usually originate distal to the left subclavian artery and do not involve the

ascending aorta. If they do extend retrograde, they are then considered type A dissections.
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reserved for patients with complicated dissections, i.e., persistent pain, uncon-
trollable hypertension, evidence of aneurysmal expansion or rupture, or visceral,
renal, or lower-extremity vascular compromise.196,197 The long-term prognosis
of medically treated dissections is not ideal and is influenced by the potential for
subsequent aneurysmal expansion.198 This is more likely if the patient’s heart
rate and blood pressure are not well controlled, the false lumen remains patent,
or the initial false lumen diameter is >40–45mm.199–202 Because of this
concern, studies are being done to assess whether low-risk patients with
uncomplicated type B dissections might benefit from surgery or endovascular
stenting to prevent subsequent expansion and improve long-term survival.
Chronic type B dissections should be operated upon when they reach 6–6.5 cm
in diameter.

D. Preoperative considerations and diagnostic testing

1. Upon suspicion of the diagnosis, all patients must be treated pharmacologically to
reduce the blood pressure (to about 110mm Hg systolic), the heart rate (to 60–
70 bpm), and the force of cardiac ejection (dp/dt). The patient should be carefully
monitored and must undergo diagnostic testing as soon as possible to establish or
exclude the diagnosis.

2. Recommended antihypertensive regimens include a b-blocker (esmolol, metopro-
lol, or labetalol) with or without addition of sodium nitroprusside (see Table 11.8,
page 497, for doses). Aggressive management up to the time of surgery is essential
to prevent rupture.

3. A careful pulse examination may indicate the extent of the dissection. Particular
attention should be paid to the carotid, radial, and femoral pulses. Differential
upper-extremity blood pressures in a young patient with chest pain is a strong clue
to the presence of a dissection. Cardiac evaluation may reveal the presence of an
aortic regurgitation murmur.

4. A detailed preoperative neurologic examination is essential because a deficit
recognized postoperatively may have been present at the time of presentation.
A change in neurologic status may indicate progressive compromise of cerebral
perfusion that can resolvewith emergency surgery.However, cerebralmalperfusion
during CPB may also cause a significant cerebral insult. Evidence of renal
dysfunction (rising BUN or creatinine, oliguria) or bowel ischemia (abdominal
pain, acidosis) may necessitate modification of the surgical approach. Recurrent
chest or back pain usually indicates extension, expansion, or rupture of the
dissection.

5. The chest x-ray will usually demonstrate either a widened mediastinum or
irregularity of the aortic contour, but may be normal in 10–15% of patients with
type A dissections.190

6. In a patient with severe chest pain, one might suspect that an abnormal ECG
would be more consistent with an acute coronary syndrome, and a normal
ECG would suggest the diagnosis of dissection. However, IRAD data showed
that only 33% of patients with type A dissections had a normal ECG.190

Nonspecific ST changes were noted in about 40% of patients and about 20%
had ischemic changes, possibly related to coronary ostial involvement with the
dissection.
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7. Dissections can be diagnosed by a variety of techniques.

a. In most hospitals, a CT scan with contrast is performed first. It has about 90%
sensitivity and specificity in identifying intimal flaps and differential flow into
true and false lumens (Figure 2.23, page 117). 64-slice CT scanning, especially
with three-dimensional reconstruction, can provide beautiful images of aortic
dissections (Figure 2.24, page 118) and can demonstrate branch artery com-
promise as well.

b. TEE is the best procedure for identifying intimal flaps, evidence of tamponade,
and aortic regurgitation (Figure 2.18, page 111). If the diagnosis of a type A
dissection is unequivocal onCT scanning,TEE is best deferred until the patient
is anesthetized. If the diagnosis is in doubt, TEE should be performed very
cautiously because sedation may lead to hypotension in a patient with a
pericardial effusion, and acute hypertension in an inadequately sedated patient
could precipitate rupture. A transthoracic echo may be valuable in ruling out a
significant pericardial effusion before proceeding with a TEE.

c. Magnetic resonance imaging (MRI) may be the most sensitive and specific
diagnostic technique to identify a dissection, but only rarely can it be obtained
on an emergency basis (Figure 2.27, page 121). Furthermore, there are usually
limitations to its performance in a patient requiring careful monitoring and
intravenous drug infusions.

d. There is little role for aortography in the evaluation of an acute dissection;
branch vessel perfusion in the abdomen can be identified by CT angiography.

e. Coronary angiography is usually not indicated in cases of acute aortic dissection
because of the necessity of urgent surgical repair. Evidence of significant ECG
changes may lead to coronary angiography as the initial diagnostic test, only to
find that coronary ostial compromise is caused by an aortic dissection. In
contrast, coronary angiography is helpful in planning surgical strategy in
patients with chronic dissections.

E. Surgical procedures

1. Type A dissections

a. Repair involves resuspension or replacement of the aortic valve (if AR is
present), resection of the intimal tear, and placement of an interposition graft
to reapproximate the aortic wall (Figure 1.19). Biologic glue (preferably
BioGlue) can be used to improve tissue integrity for grafting. If the root is
destroyed and cannot be reconstructed, a Bentall procedure (valved conduit) is
performed. If the tear extends across the arch, consideration should be given to
replacing the entire arch, often with an elephant trunk, using standard
techniques of cerebral perfusion to protect the brain.203 Patients with visceral
malperfusion have a high mortality rate and may benefit from a fenestration
procedure prior to repair of the ascending aorta.204 Iliofemoral malperfusion
may require additional revascularization procedures after the ascending aorta is
replaced.

b. Repair of any type A dissection should be performed during a period of deep
hypothermic circulatory arrest (DHCA) (see page 52).

c. The complex situation of the type A dissection with a tear in the descending
aorta can be managed by an initial repair via a median sternotomy, leaving an
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Figure 1.19 . Repair of a type A aortic dissection. (A) During circulatory arrest without aortic

cross-clamping, the aorta is opened and the entry site is resected. The aortic valve is

resuspended. (B) The proximal and distal suture lines are fragile and are reinforced. Two felt
strips are shown for the distal suture line, being placed inside the true lumen and outside the

adventitia. (C) After the distal suture line is completed, the graft is cannulated to reestablish

antegrade cardiopulmonary bypass flow with proximal application of a cross-clamp. BioGlue

may be injected to stabilize the distal and proximal (shown here) suture lines, and the
proximal graft anastomosis is performed, again using felt reinforcement.
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elephant trunk for repair of the descending aorta. Alternatively, an endovascular
stent can be placed through the arch into the descending aorta.205,206 A
retrograde dissection occurring after placement of an endovascular stent for
a type B dissection is a difficult problem that usually requires open surgery
through a sternotomy.207

2. Type B dissections

a. The traditional surgical approach to complicated type B dissections involves
resection of the intimal tear and interposition graft replacement to reapprox-
imate the aortic wall. The risk of paraplegia is greater than in patients with
atherosclerotic aneurysms because less collateral flow is present. Thus, measures
to reduce spinal cord ischemia by maintaining distal perfusion should be taken
(see page 53). Visceral malperfusion may improve with restoration of flow into
the true lumen. Otherwise a percutaneous fenestration procedure to produce a
communication between the true and false lumens or additional graftingmay be
necessary to improve organ system or distal limb perfusion.208

b. Due to the substantial morbidity and mortality associated with surgical repair,
endovascular stenting is becoming increasingly popular.209–211 This procedure
should seal the entry site to allow for thrombosis of the false lumen. It has been
used primarily in complicated type B dissections, as it is not yet clear whether
endografting for uncomplicated type B dissections will provide superior results
to medical management. Additional fenestration and stenting may be required
if reconstitution of true channel flow does not correct malperfusion.

XII. Thoracic Aortic Aneurysms
A. Pathophysiology. Ascending aortic (AAo) aneurysms usually result from medial

degeneration or atherosclerosis, whereas those in the distal arch, descending thoracic,
and thoracoabdominal aorta are generally atherosclerotic in nature. Aneurysms in
any location may result from expansion of chronic dissections. Although progressive
enlargement may result in compression of adjacent structures, most deaths result
from aneurysm rupture or dissection. Natural history studies have been used to
correlate aneurysm size with the risk of rupture or dissection in an attempt to provide
objective data on when surgery should be performed.212

B. Indications for surgery

1. Ascending aortic aneurysms

a. Symptomatic, expanding, or � 5.5 cm without Marfan syndrome.212 These
recommendations are based on natural history studies that suggest that the risk
of rupture or dissection is<5%/year for an aortic diameter<6 cm and 16–34%
once the aorta reaches 6 cm.212 Although the Society of Thoracic Surgeons
(STS) consensus document noted that 15% of aortas that dissect in patients
with bicuspid valves or Marfan syndrome are <5 cm in size, other reports
(including one IRAD study) indicate that 60% of aortic dissections occur in
aortas that measure <5.5 cm and 40% occur when the aorta is <5 cm.213–215

Although studies have correlated initial aortic size with the risk of rupture or
dissection (Figure 1.20), it has been proposed that indexing the aortic size to
the patient’s size rather than using aortic size alone may provide better
guidelines for resection (Figure 1.21).215 The risk is low for an aortic size
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index (ASI) <2.75 cm/m2, moderate for an ASI of 2.75–4.25 cm/m2, and
significant once the ASI exceeds 4.25 cm/m2.

b. Aneurysms� 5 cm in patients with bicuspid aortic valves

c. Aneurysms� 4.5 cm if an operation is indicated for aortic stenosis or regurgi-
tation. One study showed that the risk of developing an aortic dissection
followingAVRwasmore than 25% if the aortic size exceeds 5 cm at the time of
AVR, but current recommendations are to replace an aorta� 4.5 cm, probably
for both bicuspid and trileaflet valves.216

d. Aneurysms � 4.5 cm in Marfan syndrome

e. Virtually all acute type A dissections (as noted above)

f. Mycotic aneurysms

2. Transverse arch aneurysms

a. Ascending aortic aneurysms that require replacement that also extend into the
arch. It should be noted that the “aortopathy” associated with bicuspid valves
tends to involve the arch in 75% of patients in whom hemiarch or arch
replacement should be performed.217

b. Acute arch dissections with intimal tear in the arch or evidence of arch
expansion or rupture

c. Aneurysms� 5–6 cm in diameter

3. Descending thoracic (DAo) and thoracoabdominal aneurysms (see Figure 1.22
for classification)

a. Symptomatic aneurysms

b. Aneurysms� 6.5 cm in diameter (atherosclerotic or chronic dissections)

c. Complicated acute type B dissections (uncomplicated if low risk patient)

C. Preoperative considerations

1. Coronary angiography is required before surgery for ascending aortic and proxi-
mal arch aneurysms (not acute dissections). If significant coronary disease is
present, it is bypassed at the time of the aneurysm resection.

2. Myocardial perfusion stress imaging (dipyridamole–thallium or sestamibi)
is indicated in patients with descending thoracic aneurysms because of the
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Figure 1.20 . Risk of aortic dissection or rupture based on the initial aortic size. (Adapted with
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likelihood of coexistentCAD. If the scan is positive, coronary angiography should
be performed. The presence of significant coronary disease usually warrants some
form of intervention (PCI or CABG) to reduce the risk of cardiac complications
associated with repair of the aneurysm.

3. A careful preoperative baseline neurologic evaluation is important because of the
risks associated with circulatory arrest (stroke, seizures) and aortic cross-clamping
(paraplegia). A detailed informed-consent discussionwith the patient about these
devastating complications is essential and must be documented.

4. An assessment of aortoiliac disease is essential prior to any endovascular stenting
procedure. Severe stenosis, tortuosity, or extensive atherosclerotic disease may
necessitate an alternative site for arterial access ormay lead to abandonment of the
proposed procedure.

5. Pulmonary status must be optimized prior to surgery. Many patients with
aneurysmal disease have concomitant chronic obstructive pulmonary disease,
and the use of a thoracotomy incision, lung manipulation during surgery, antic-
oagulation, and multiple blood transfusions may have a detrimental effect on
pulmonary function.

6. Renal function must be monitored carefully after angiography, especially in
diabetic patients. The creatinine should be allowed to return to baseline before
surgery to reduce the risk of renal dysfunction associated with aortic cross-
clamping.

D. Surgical procedures

1. Ascending aortic aneurysms

a. Supracoronary interposition graft placement is performed if the aneurysm
develops above the sinotubular junction, thus sparing the segment fromwhich
the coronary arteries arise.

Figure 1.22 . Crawford classification of thoracoabdominal aneurysms.
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b. If the sinuses are aneurysmal, they should be resected and replaced. Most
commonly a valved conduit (Bentall procedure) is placed (Figure 1.11).110,218

However, an aortic valve-sparing operation can be performed even if aortic
regurgitation is present, and is applicable to patients withMarfan syndrome or
bicuspid valves (Figure 1.13).121–123,219–221 The design of this procedure
depends on the extent of the aneurysm and the pathophysiology of aortic
regurgitation.

c. CPB is required for repair of AAo aneurysms. Depending on the site of the
distal anastomosis, simple aortic cross-clamping or a period of DHCAmay be
necessary. Arterial access for CPB can be achieved through the femoral artery
or the axillary artery if significant descending aortic atherosclerosis is
present.222

d. ForDHCA, the central core temperature should be lowered to 18 �C, atwhich
time there is presumed to be electroencephalographic silence. This should
provide 45–60 minutes of safe arrest with minimal risk of neurologic insult.
Adjuncts to improve cerebral protection during a period of DHCA include
methylprednisolone 30mg/kg, packing the head in ice, and either continuous
retrograde cerebral perfusion (RCP) through the superior vena cava (SVC) or
preferably antegrade cerebral perfusion (ACP) directly or through the axillary
artery.223,224 With the latter approach, the operation can be done at moderate
systemic hypothermia.225

2. Transverse arch aneurysms226

a. Hemiarch repair usingDHCAwithRCPorACPisperformed if the ascending
aorta and proximal arch are involved. A graft is sewn to the undersurface of the
arch leaving the brachiocephalic vessels attached to the native aorta.

b. Extended arch repair involves placement of an interposition graft sewn to the
proximal descending aorta and reimplantation of a brachiocephalic island
during a period of circulatory arrest. Alternatively, a debranching operation
with use of individual trifurcation grafts to the arch vessels may be performed.
This should reduce the duration of DHCA and improve cerebral protection,
potentially reducing neurologic morbidity (Figure 1.23).226,227

c. Distal arch repair can be performed via a left thoracotomy without cardiopul-
monary bypass. Use of CPB and a period of DHCA through either a
sternotomy or thoracotomy incision may be useful when clamping is not
feasible for the proximal anastomosis or for more complex operations. Several
creative operations for distal arch aneurysms have been described, such as open
transaortic stent endografting of distal arch aneurysms with carotid artery
bypass.228

d. If it is anticipated that a descending aortic repair may be necessary in the
future, a piece of graft material is left dangling from the distal anastomosis and
can be retrieved at a subsequent operation through the left chest (the “elephant
trunk” procedure).229

3. Descending thoracic aorta

a. Graft replacement of the diseased aorta is performed with reimplantation of
intercostal vessels at the level of T8–T12 formore extensive aneurysms. This is
performed through a left thoracotomy or thoracoabdominal incision with use
of one-lung anesthesia.
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b. Consideration should be given to the use of adjuncts (medications, cerebro-
spinal fluid [CSF] drainage, shunting) to prevent spinal cord ischemia during
the period of aortic cross-clamping, which may reduce the risk of paraplegia
to less than 5%.230,231 Shunting can be accomplished by draining blood from
a site proximal to the aortic cross-clamp (inferior pulmonary vein/left
atrium/proximal aorta) and returning it distally (distal aorta/femoral artery)
to perfuse the spinal cord and kidneys. A BioMedicus centrifugal pump,
which actively returns blood to the patient at a designated rate, can be used
with or without oxygenation. Left-heart bypass alone has been shown to
reduce the incidence of paraplegia during surgery for thoracoabdominal
aneurysms, but not necessarily more limited descending thoracic
aneurysms.232,233

c. Femoro-femoral bypass can be used to provide distal protection. It can also be
used alongwithDHCAwhen clamping is not possible due to extensive disease
or calcification. This technique also provides visceral and spinal cord protec-
tion.234–236

d. Arterial monitoring lines are inserted in the right radial and femoral arteries to
monitor proximal and distal pressures during the period of aortic cross-
clamping, especially if left-heart bypass is used.

e. Because of the inherent risk of descending aortic clamping, thoracic endo-
vascular aortic repair (TEVAR) has become popularized for the treatment of
descending thoracic and thoracoabdominal aneurysms. This may reduce the
risk of early death and postoperative complications, including paraplegia, acute
kidney injury, bleeding, pneumonia, and cardiac morbidity.212,237–239

Reconstructed
aortic root

(A) (B) (C)

Figure 1.23 . Aortic arch replacement using a trifurcation graft (TG). (A) Using axillary

cannulation for CPB, the aorta is clamped and the proximal root reconstruction is performed.
(B) During DHCA, the arch vessels are divided 1 cm from their origins, and individual

anastomoses are sequentially performed to the arch vessels with side limbs off the trifurcation

graft. (C) Flow is then restored to the brain with a clamp on the proximal segment of

the trifurcation graft. The distal arch anastomosis is constructed and the two aortic grafts
are reapproximated. Finally, the trifurcation graft is sewn to the proximal portion of the

aortic graft.
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XIII. Atrial Fibrillation
A. Pathophysiology

1. Atrial fibrillation (AF) results from the presence of multiple reentrant circuits
that prevent the synchronous activation of adequate atrial tissue to generate
mechanical contraction. It is perpetuated by the variable refractoriness of atrial
tissue to the generation of these circuits. Atrial distention may predispose to this
arrhythmia, which then promotes progressive atrial dilatation and remodeling,
leading to permanent AF. Atrial fibrillation can lead to:

a. Loss of atrioventricular (AV) synchrony, which reduces ventricular filling and
stroke volume. This can produce dizziness, fatigue, and shortness of breath,
especially in hypertrophied hearts and when the ventricular rate is high.

b. Thrombus formation in the left atrium with a predisposition to thrombo-
embolism and stroke

c. Symptoms of an irregular heartbeat (palpitations)

d. A cardiomyopathy if the rate is not controlled

2. Atrial fibrillation may occur as an isolated entity (“lone AF”) in patients with no
structural heart disease or in patients with underlying heart disease. It is more
common in patients with hypertension and valvular heart disease. It is catego-
rized as paroxysmal (recurrent AF that terminates spontaneously within 7 days),
persistent (lasts>7 days and responds to cardioversion), or long-standing
persistent or permanent (fails to respond to medications or cardioversion and
lasts over 1 year). In paroxysmal AF, the atrial foci that serve as the trigger
are usually located in the tissue surrounding the pulmonary veins as they enter the
left atrium.The reentrant circuits in patients with persistentAFusually originate
in the left atrium.

B. Management considerations and indications for surgery

1. AF is managed with medications to control the ventricular rate (b-blockers,
calcium channel blockers, digoxin) and prevent thromboembolism (warfarin).
When the rate cannot be controlled, symptoms are disabling, thromboembolism
occurs on anticoagulation, or anticoagulation cannot be tolerated or is not
desirable, an ablative procedure should be considered.

2. In the absence of the above indications, surgery for AF is generally not indicated.
However, with the use of thoracoscopic approaches and advances in catheter
ablation technology, the indications have been liberalized to include patients
with lone AF. Transcatheter ablations are very successful in ablating paroxysmal
AF arising from pulmonary veins, and with adequate mapping, reasonable
success (about 60%) can be achieved in patients with persistent AF.

3. The ability to restore sinus rhythm with an ablative procedure during concomi-
tant cardiac surgery improves long-term survival and may also improve cardiac
function and reduce the incidence of stroke.134,135,240 Therefore, it is strongly
recommended during mitral valve surgery, and can be considered in patients
undergoing other types of cardiac surgery.

4. Medications used for rate control or for AF prophylaxis should be continued up
to the time of surgery. Because reversion to sinus rhythm may not occur
immediately after surgery, these medications are generally continued afterwards.
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C. Surgical procedures241

1. In 1986, Cox designed a technically complex “cut-and-sew” operation called the
“Maze” procedure that was designed to ablate AF, restore AV synchrony, and
preserve atrial transport function. This was subsequently redesigned as the Cox-
Maze III operation, inwhich the incisionsnot only interrupted themicroreentrant
circuits, but also allowed the sinus node to function, and directed propagation of
the sinus impulse through both atria. Atrial fibrillation was eliminated in about
90% of patients, but about 10% of patients still required pacemakers.

2. Various ablation technologies have now been developed tomimic the suture lines
of the Cox-Maze III operation, the best of which appear to be cryoablation,
radiofrequency, and high-frequency ultrasound (HIFU). To achieve success, the
lesions created must achieve transmurality. Since the left atrium is usually the
primary focus of reentry, a left-sided Maze is most commonly performed.

3. The basic operation involves bilateral pulmonary vein isolationwith obliteration of
the left atrial appendage. This can be performed epicardially and thus is amenable
to bilateral thoracosopic approaches. It is only applicable with good success to
patients with paroxysmal AF.242However, an additional ablation line that mimics
the mitral isthmus lesion of a left atrial Maze procedure can be performed
epicardially across the left atrial dome from the left fibrous trigone at the mitral
valve annulus to the base of the noncoronary cusp of the aortic valve (Figure 1.24).
This should improve the success rate in patients with persistent AF.243,244

4. A left-sided Maze operation is usually performed in conjunction with mitral
valve surgery (Figure 1.25). This procedure produces ablation lines that encircle
and connect the right and left pulmonary veins (“box lesion”), and one that

Left fibrous trigone
linear lesion 
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  LAA = left atrial appendage; PV = pulmonary veins 

Figure 1.24 . Epicardial lesion set for thoracoscopic approaches to atrial fibrillation. Bilateral

pulmonary vein isolation and a connecting lesion between the right- and left-sided pulmonary

veins are performed. In addition, a linear lesion over the dome of the left atrium is created
extending from the left fibrous trigone at the anterior mitral valve annulus to the base of the

junction of the left and noncoronary cusps to mimic the mitral isthmus lesion performed

endocardially.
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Figure 1.25 . The left-sidedMaze involves ablation lines that encircle and connect the right and
left pulmonary veins andone that extends fromthe inferior box lesionnear the right or left inferior

pulmonary vein to the mitral valve annulus. The left atrial appendage is amputated and an

additional ablation line is placed from the base of the appendage to the left pulmonary veins. The

base of the left atrial appendage is then oversewn.

extends from the inferior pulmonary vein ablation line to the mitral valve
annulus.245,246 The left atrial appendage is amputated and an ablation line
carried from the base of the appendage to the left pulmonary vein encircling line.
Left atrial volume reduction may be helpful when the LA dimension exceeds
6 cm.136,247 Use of ganglionic plexi mapping and ablation with confirmation of
conduction block by pacing may improve results.248

5. The right-sided Maze includes amputation of the right atrial appendage (or an
ablation line across its base) and an incision into the right atrium from the septum
towards the AV groove. Through this incision, ablation lines are extended
laterally up the SVC and down to the inferior vena cava (IVC), across the fossa
ovalis down to the coronary sinus, from the IVC to the coronary sinus and from
the sinus to the tricuspid annulus (isthmus lesions). Additional ablation lines
extend from the anterior tricuspid leaflet to the base of the excisedRA appendage
and from the posterior tricuspid leaflet to the AV groove (Figure 1.26).

XIV. Ventricular Tachycardia and Sudden Death
A. Pathophysiology

1. Nonidiopathic ventricular tachycardia (VT) occurs in association with structural
heart disease, and may be subdivided into ischemic and nonischemic etiologies.

a. Ischemic VT is caused either by active ischemia (usually from a ruptured
plaque or induced during hemodynamic stress) or from a previous myocardial
infarction (MI) that produces scar tissue and impaired LV function. The
latter results from heterogeneous myocardial damage that produces the
electrophysiologic substrate for the development of a reentrant rhythm. This
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Figure 1.26 . (A) The right-sided Maze includes ablation of the base of the right atrial

appendage and an incision in the right atrial wall through which multiple bipolar and unipolar
ablation lines can be carried out. (B) Sites for endocardial ablation are shown by the dotted lines

(see text).

commonly occurs at the border zone of an LV aneurysm between dense
subendocardial scar tissue and normal myocardium. Premature stimuli
delivered during electrophysiologic testing may initiate an impulse that
triggers the reentrant circuit of monomorphic VT (“inducible VT”).

b. Nonischemic VTmay result from reentrant circuits or triggered automatici-
ty. It is most commonly noted in patients with dilated cardiomyopathies and
markedly depressed ventricular function, as well as less common entities such
as arrhythmogenic RV dysplasia. In these conditions, the arrhythmogenic
focus frequently cannot be adequatelymapped and it is difficult to ablate with
catheter intervention.

2. IdiopathicVToccurs in the absence of structural heart disease andmay arise along
theRVoutflow tract or in the left posterior fascicle of the left ventricle. It is usually
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caused by triggered activity related to a high adrenergic state. As such, it can be
treated by medical therapy, or, if that fails, by radiofrequency catheter ablation.

3. Out-of-hospital cardiac arrest (so-called sudden cardiac death [SCD]) is esti-
mated to be the first manifestation of coronary disease in 40% of patients, usually
as a result of rupture of an unstable plaque. Other patients have no identifiable
cause for such an event and may or may not have inducible arrhythmias.

B. Interventional procedures and their indications

1. The presence of malignant ventricular arrhythmias mandates an assessment for
potentially correctable causes. Surgery, such as aCABGorLVAresection, can be
considered based on standard indications with the understanding that no
antiarrhythmic benefit may be achieved. In these situations, and in patients in
whom no cardiac surgical procedure is indicated, ICD implantation can be
considered to improve survival. The recommendations for ICD implantation are
based upon the 2008 guidelines, which evaluated numerous primary and
secondary prevention trials.249,250

2. Class I indications (ICD implantation is indicated)

a. Survivors of cardiac arrest due to VF/VT not due to a reversible cause

b. Spontaneous sustained VT with structural heart disease (usually a dilated
cardiomyopathy)

c. Unexplained syncope if hemodynamically significant sustained VT or VF is
inducible during an electrophysiology (EP) study

d. In patients with prior MI:
i. LVEF< 40% if nonsustained VT (NSVT) or inducible VF or sustained

VT at EP study

ii. LVEF< 35% at least 40 days post-MI in NYHA class II–III

iii. LVEF< 30% at least 40 days post-MI in NYHA class I

iv. LVEF� 35% with nonischemic dilated cardiomyopathy in NYHA class
II–III

3. Class IIa indications (ICD implantation is reasonable)

a. Unexplained syncope, significant LV dysfunction, and nonischemic dilated
cardiomyopathy

b. Sustained VT and normal or near-normal LV function

c. HOCM with one or more major risk factors for SCD (see page 41)

d. Other conditions of nonschemic VT, including outpatients awaiting
transplantation

4. Class IIb indications (ICD implantation should be considered)

a. Nonischemic heart disease with LVEF� 35% in NYHA class I

b. Unexplained syncope with advanced structural heart disease

5. The 2008 guidelines do not provide specific recommendations on how tomanage
postoperative cardiac surgical patients who develop sustained or nonsustained
VT or have a preoperative EF<30%, but inferences can be drawn.

a. Since patients undergoing cardiac surgery generally have structural heart
disease, the occurrence of postoperative sustained VT is both a class I and IIa
indication for an ICD, independent of LVEF.
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b. In patients with NSVT, the decision can be based on LVEF and EP studies.
i. For LVEF>40%, an ICD is not recommended and b-blockers are

generally prescribed.

ii. For LVEF of 30–40%, an EP study is indicated. A noninducible
patient is considered at low risk for sudden death and b-blockers are
prescribed. If inducible, an ICD is placed.

iii. For LVEF<30%, an ICD is indicated if the patient is at least 40 days
post-MI, even in the absence of VT. However, this ACC/AHA/HRS
recommendation does not specifically address patients who have NSVT,
recent revascularization (in the MADIT-II trial, patients with LVEF
<30% had to be more than 3 months post-CABG), or depressed LVEF
from symptomatic yet repaired valvular heart disease. If the patient has
NSVT and depressed LV function, the options are to (1) place an ICD,
(2) rely on an EP study to assess for inducibility, or (3) simply use
b-blockers until the patient is 40 days after anMI and then place an ICD.
Most centers would probably place an ICD prior to patient discharge. If
the patient has an EF<30% but no VT, elective evaluation and place-
ment of an ICD are indicated.

C. Preoperative considerations

1. A thorough preoperative evaluation should be undertaken to determine whether
structural heart disease is present. Preliminary cardiac catheterization should be
performed to ascertain whether myocardial revascularization is indicated. This
may lower the risk of ICD implantation, andmay also reduce the risk of recurrent
VT if it was occurring on an ischemic basis.

2. Many patients with cardiomyopathies are maintained on warfarin, which must
be held for several days to prevent bleeding into the ICD pocket. Infection
developing in the pocket implies infection of the entire lead system andmandates
its removal.251

3. Careful monitoring and provisions for cardiac resuscitation (trained personnel
and equipment) are essential during ICD implantation.

D. Surgical procedures

1. Myocardial revascularization should be performed in the patient with reversible
ischemia and bypassable anatomy. It provides excellent results in patients with
ischemic VT/VF.252 The role of PCI in such patients is undefined. Standard
indications for ICD implantation, including EP testing for inducibility, should
then be followed.

2. Blind endocardial resection should be performed when ischemic ventricular
tachycardia is present in a patient undergoing resection of an LV aneurysm.
Aggressive resection of scar tissue, including that on the septum, with cryoabla-
tion at the periphery of the scar tissue and reconstruction of the ventricle by
geometric modeling (SVR noted on page 62) should be performed. These
procedures have supplanted the map-guided surgery performed in the mid-
1990s that achieved success rates greater than 75% and reached 90% with the
addition of medications. In high-risk patients with depressed ventricular func-
tion, one study showed that long-term survival was fairly similar with direct VT
surgery or placement of an ICD, often with associated CABG.253
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3. ICD implantation is performed in theEP lab.Most patients receive biventricular
ICD systems that can performAV sequential pacing and antitachycardia pacing.
The device is implanted in a prepectoral pocket. Testing of the leads for sensing
and defibrillation thresholds (DFTs) is performed. The generator is then
connected to the leads and the system is retested (Figure 1.27).

4. Prior to the development of transvenous systems, ICD implantation was
performed through left thoracotomy, median sternotomy, subcostal, or sub-
xiphoid approaches. Device replacement and removal of infected lead systems
mandate an understanding of their implantationmethods. These systems usually
involved two rate-sensing electrodes placed into the right or left ventricular
epicardium and two titanium mesh patches for defibrillation placed over the
ventricles, either inside or outside the pericardium.

XV. End-Stage Heart Failure
A. Pathophysiology. End-stage heart failure is a clinical syndrome that develops due

to progressive deterioration in LV function associated with LV remodeling. It is
most commonly the result of multiple infarctions from coronary artery disease
(ischemic cardiomyopathy), but may result from a dilated cardiomyopathy or

Figure 1.27 . Transvenous ICD system. The single-chamber system consists of one right

ventricular lead that contains shocking coils that lie within the SVC and the right ventricle, and

bipolar sensing and pacing electrodes that lie within the ventricle.
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end-stage valvular heart disease. As ventricular function deteriorates, the left
ventricle dilates and changes from an elliptical to a spherical shape. This increases
wall stress, which then increases oxygen requirements, causes pathologic cardio-
myocyte hypertrophy that further compromises contractile function, and induces
functional MR. These changes lead to intractable heart failure. In addition,
ventricular remodeling increases the tendency to develop ventricular arrhythmias.

1. Neurohormonal activation, with elevated levels of angiotensin II, aldosterone,
norepinephrine, endothelin, vasopressin, and cytokines, may contribute to
remodeling. These increase sodium retention and produce peripheral vasocon-
striction, increasing hemodynamic stress. They also have direct toxic effects on
myocardial cells, stimulating the development of fibrosis. This relationship
between neurohormonal activation and worsening of CHF forms the basis of
the medical approach to CHF.

2. Patients with long-standing hypertension tend to develop diastolic heart failure,
although both systolic and diastolic components coexist in most patients.

3. The ACC/AHA guidelines have defined four stages in the progression of CHF:
stageA (high risk for development ofCHF), stageB (structural heart diseasewith
LVH and reduced EF without CHF), stage C (structural heart disease with
CHF), and stage D (refractory CHF requiring specialized intervention). Stage A
patients should have their risk factors aggressively addressed. Stage B and C
patients should receivemore aggressivemedical therapywith consideration of the
surgical procedures listed below. Stage D patients may require destination assist
devices or cardiac transplantation.254,255

B. Medical therapy. The prognosis for patients with end-stage heart failure with
NYHA class III–IVCHF is very poor, with amarkedly impaired quality of life and a
limited life span. Clinical improvement and improved survival have been noted with
use of ACE inhibitors or angiotensin receptor blockers (ARBs), b-blockers such as
carvedilol, bisoprolol and metoprolol, and diuretics, such as the aldosterone blockers
(spironolactone or eplerenone).However, evenwith optimalmedical therapy, annual
mortality rates exceed 12%/year. Thus, alternative strategies are essential to treat this
growing segment of the population.

C. Indications for surgery and surgical procedures. A variety of surgical procedures
can be utilized to treat the patient with end-stage heart failure, depending on the
pathophysiology of the disease.256

1. Coronary bypass surgery should be performed in patients with an ischemic
cardiomyopathy if they have angina or documentation of ischemic, viable,
hibernating myocardium. This can reduce anginal symptoms, in many cases will
improve ventricular function and symptoms of CHF, may lower the risk of
sudden cardiac death, and may improve survival.257 Patients with fewer viable
segments of LV dyssynchrony do poorly.258 Clearly, revascularization earlier in a
patient’s course will produce a better clinical outcome.

2. Mitral valve repair with a small restrictive annuloplasty ring can be offered to
patients with chronic severe MR and ischemic cardiomyopathies. This can
promote reverse remodeling (usually a reduction in end-systolic volume index
>15%), restore normal geometric relationships, alleviate symptoms of CHF, and
prevent recurrentMR.259Although a restrictive annuloplasty is usually successful
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in improving symptoms, an improvement in long-term survival is less evident.260–262

Poor results are noted when mitral valve repair if performed in patients with
severely dilated ventricles (LV end-diastolic dimension>65mm) and in many
patients with nonischemic cardiomyopathy.263,264 The 2009 ACCF/AHA
guidelines consider mitral valve repair a class IIb indication in stage D patients
since its effectiveness is not well-established.255 Percutaneous approaches
to annular remodeling via the coronary sinus and edge-to-edge apposition
techniques (MitraClip [Abbott]) are being investigated.

3. Cardiac resynchronization therapy (CRT) (atrial-synchronized biventricular
pacing) has been demonstrated to improve heart failure symptoms and exercise
tolerance and promote reverse remodeling. It is applicable to patients with an
EF� 35%, NYHA class II–III symptoms, and a QRS duration� 120msec. In
these patients, ventricular dyssynchrony produces suboptimal ventricular filling, a
reduction in contractility, paradoxical septal wall motion, and worseningMR. By
activating both ventricles in a synchronized manner, CRT is able to increase LV
filling time, decrease septal dyskinesis, and reduceMR.255,265 An ICDcan also be
considered in these patients. In patients in NYHA class III–IV who are
dependent on ventricular pacing, CRT is considered a reasonable approach.

4. An ICD is indicated inmany patients with stage B–Dheart failure because of the
frequent association of a dilated dysfunctional ventricle with ventricular
tachyarrhythmias.

a. Ischemic cardiomyopathy with EF� 30%, at least 40 days post-MI in Stage B
(NYHA class I)

b. Nonischemic cardiomyopathy with EF� 35% in Stage B (NYHA class I)

c. Stage C with current or past symptoms of CHF, reduced EF, and a history of
cardiac arrest, VF, or unstable VT (class I recommendation for secondary
prevention)

d. Stage C (NYHA II–III) with EF<35% of any etiology

5. Surgical ventricular restoration (SVR) can be used for patients who develop
akinesia or dyskinesia subsequent to a single-territory MI.

a. It has been shown that LV end-systolic volume index (ESVI) is a major
determinant of survival in patients with ischemic cardiomyopathy.266 Thus,
combining CABG with resection of nonfunctioning tissue to decrease
ventricular size and restore geometry should improve ventricular function,
produce symptomatic improvement, and improve survival. These benefits
have been documented in some studies comparing CABG þ SVR with
CABG alone, although an improvement in survival may not be evi-
dent.80,267,268 However, the STICH trial of patients with CAD-related
anterior akinesia or dyskinesia with an ejection fraction<35% was unable to
demonstrate that reduction in LV size was associated with an improvement in
symptoms or reduction in mortality after 4 years.82 The methodology of this
report has been criticized, because the literature suggests a benefit to adjunc-
tive SVR with proper patient selection (ESVI>60mL/m2, more than 35%
akinesia from anterior wall necrosis), and appropriately performed surgery
(ensuring a 30% reduction in ESVI at follow-up).269 Some patients in the
STICH trial did not satisfy these criteria.
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b. In patients with mild-to-moderate MR, CABG þ SVR may reduce MR by
reducing sphericity of the LV, thus reducing the longitudinal and transverse
dimensions of the LV that increase the interpapillary muscle distance and
cause apical tethering of the leaflets.270However, in patients with 3–4þ MR,
mitral repair should be considered. Resecting viable myocardium simply to
reduce the size of the ventricle (Batista procedure) is not recommended.

6. Techniques and devices that prevent ventricular dilatation, such as a cardiomyo-
plasty, the CorCap restraint device (Acorn International), and the Myocor
myosplint and Coapsys devices, have been investigated as means of improving
symptoms of CHF. These have been shown to reduce end-diastolic dimensions,
reduce wall stress, improve EF, and reduce MR.271,272

7. When the patient has advanced heart failure and is not a candidate for any of the
above procedures, more advanced interventional therapy may be required.

a. Cardiac transplantation should be considered in patients with end-stage heart
failure who have an EF<15% and a peak VO2 <10–15mL/min/m2 with
maximal exercise testing. In potential transplanat recipients, insertion of a left
ventricular or even biventricular assist device (VAD) may be necessary if the
patient develops progressive hemodynamic deterioration despite maximal
pharmacologic therapy and an IABP. This can serve as a bridge to
transplantation.273

b. VADs can be considered for destination therapy in patients who are not
considered transplant candidates (usually because of age). Several devices,
including the Thoratec HeartMate II, the Jarvik 2000, and the Micromed
Heart Assist 5 (DeBakey) axial flow pumps have been used for destination
therapy, with numerous other devices undergoing evaluation.274–276

8. Muscle and stem cell transplantation into areas of infarcted myocardium are
being investigated as a means of improving ventricular function.277,278

XVI. Pericardial Disease
A. Pathophysiology and diagnostic techniques. The pericardium may become

involved in a variety of systemic disease processes that produce either pericardial
effusions or constriction. The most common causes of effusions are idiopathic
(probably viral), malignant, uremic, pyogenic, and tuberculous. The most common
causes of constriction are idiopathic, radiation, and tuberculous. Early and
late postoperative cardiac tamponade due to hemopericardium are discussed on
pages 372 and 660.

1. Large effusions result in tamponade physiology with progressive low output
states. They are best documented by two-dimensional echocardiography, which
delineates their size and provides hemodynamic evidence of tamponade. Find-
ings include right atrial and ventricular diastolic collapse, increased reversal of
flow in the hepatic veins during atrial systole, a dilated IVC with lack of
inspiratory collapse, and decreased SVC flow during diastole.279 Equilibration
of intracardiac pressures (RVEDP¼PCWP¼LVEDP) will be detected by
cardiac catheterization.

2. Constriction can also produce a low output state despite preserved systolic
function. Cardiac catheterization will demonstrate a “square-root sign” in the
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right ventricular tracing, indicating rapid early filling and a diastolic plateau
caused by severe impairment to RV filling (Figure 1.28).280,281 Cardiovascular
CT andMRI scanning can be done to assess the thickness of the pericardium.282

The differentiation of constriction, which is surgically correctable, from restric-
tion, which is not, can be difficult because they have many findings in common.
Although restrictive pathology is associated with diastolic dysfunction, it may or
may not be associated with systolic dysfunction. However, the presence of
significant pulmonary hypertension suggests a restrictive process, since it is
rarely seen with constriction. A number of echocardiographic methods are
helpful in differentiating constriction from restriction.283,284

B. Indications for surgery

1. Large effusions that fail to respond to noninvasive measures (dialysis for uremia,
antibiotics for infection, radiation or chemotherapy for malignancy, thyroid
replacement for myxedema) may be treated initially by a percutaneous drainage
procedure (either pericardiocentesis with catheter drainage or balloon pericar-
diostomy).285,286 Echocardiography is helpful in localizing the effusion and
determining whether it is easily accessible to a percutaneous needle or not. If
these procedures cannot be performed or the effusion recurs, surgical drainage
should be performed.

Figure 1.28 . Simultaneous right and left ventricular pressure tracings in constrictive

pericarditis. Note the “dip-and-plateau” pattern as diastolic filling of the ventricular
chambersis abruptly truncated by the constriction. Note also the equilibration of diastolic

ventricular pressures. (Reproduced with permission from Myers and Spodick,

Am Heart J 1999;138:219–32.)281
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2. Constriction that produces a refractory low output state, hepatomegaly, or
peripheral edema should be treated by a pericardiectomy. Lesser degrees of
constriction may resolve spontaneously or respond to a course of nonsteroidal
antiinflammatory medications or steroids. Factors that compromise the long-
term results of pericardiectomy include radiation-induced constriction, higher
PA pressures, worse LV systolic function, and the presence of hyponatremia or
renal dysfunction.287

C. Preoperative considerations

1. The subacute development of cardiac tamponade increases systemic venous
pressures with eventual compromise in organ system perfusion from a low
cardiac output syndrome. Patients frequently develop oliguric renal dysfunction,
worsening respiratory status, and hepatic congestion.None of thesewill improve
until drainage is accomplished. Fresh frozen plasma should be available if there is
a preexisting coagulopathy.

2. Both tamponade and constriction are associated with low cardiac output states.
Intrinsic compensatory mechanisms to maintain blood pressure and cardiac
output include a tachycardia and increased sympathetic tone. Maintenance of
adequate preload is essential to increase cardiac output. b-blockers and vaso-
dilators must be avoided. Patients with low output states from severe constric-
tion may benefit from a few days of inotropic support prior to surgery. Patients
with abnormal LV contractility and relaxation properties before surgery have a
higher inotropic requirement after surgery with a higher mortality rate and
worse long-term outcome. They might benefit the most from preoperative
support.288

3. Preliminary pericardiocentesis for a very large effusion improves the safety of
anesthetic induction, which can produce vasodilation, a fall in filling pressures,
and profound hypotension.

4. Prepping and draping the patient prior to the induction of anesthesia may be a
prudent maneuver in patients with extremely tenuous hemodynamic status.

D. Surgical procedures

1. Pericardial effusions. If percutaneous drainage is inadequate or contraindi-
cated, surgery should be performed.

a. A subxiphoid pericardiostomy opens the pericardium, drains the pericardial
space, allows for obtaining a small biopsy specimen, and obliterates the
pericardial space by promoting the formation of adhesions with several days
of chest tube drainage (Figure 1.29). It is the safest approach in the unstable
patient and the best for patients with malignancies and a limited life span.
Recurrence rate is lower with this procedure than with percutaneous catheter
drainage.285

b. A pericardial window, created with a balloon technique, a videothoraco-
scopic approach (VATS), or a limited thoracotomy, can be used to drain the
effusion into the pleural space and obtain a biopsy specimen. The latter two
procedures require general anesthesia and are best utilized when there is
suspicion of underlying pleuropulmonary pathology. One study suggested
that a VATS approach produced a lower recurrence rate than a subxiphoid
drainage procedure.289

PERICARDIAL DISEASE 65



2. Constrictive pericarditis290

a. Pericardiectomy is best performed through a median sternotomy approach
with pump standby. The pericardium is removed to within 2 cm of the
phrenic nerves on either side, or at least as far as exposure allows. Dissection
of the aorta and pulmonary arteries should be performed first, followed by
the left and then the right ventricle to avoid pulmonary edema. One
comparative study of sternotomy vs. thoracotomy approaches found both
approaches to be effective, but generally the thoracotomy approach is
associated with more pulmonary complications and should be reserved for
cases of infectious pericarditis (usually tuberculosis) to avoid a sternal
infection.291–293

b. When there is no dissection plane between the thickened pericardium and
the epicardium, the operation can be quite difficult. When dense calcific
adhesions are present without a cleavage plane, use of CPB may allow for a
safer dissection, although bleeding may be increased by heparinization. It is
frequently prudent to leave heavily calcified areas adherent to the heart to
minimize bleeding and pericardial damage.

c. Rarely, patients will develop epicardial constriction with a severe inflamma-
tory response postoperatively, anecdotally noted in some patients with prior
mediastinal radiation. This problem is approached using a “waffle” proce-
dure, which entails multiple crisscrossing incisions in the scar tissue to
optimize ventricular expansion and filling.294

Figure 1.29 . The subxiphoid approach to pericardial disease. (A) An incision is made over the

xiphisternal junction, extending inferiorly for 5 cm. The rectus fascia is incised and the xiphoid
process is removed. (B)With upward traction on the distal sternum, the preperitoneal fat is swept

away. The pericardium is grasped and incised and a small specimenmay be removed. A finger is

insinuated to break up any loculations, and pericardial fluid is aspirated with a suction catheter.
One or two chest tubes are then placed within the pericardium.
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XVII. Congenital Heart Disease: Atrial Septal Abnormalities
A. Pathophysiology

1. The atrial septum is comprised embryologically of two separate septa which
form a flap-like orifice that permits right-to-left blood flow as part of the fetal
circulation. After birth, the septum seals, producing an intact atrial septum. In
25%of patients, it remains patent and is called a “patent foramen ovale” or PFO.
The risk of a PFO is that of paraxodical embolism associated with right-to-left
shunting when the RA pressure exceeds the LA pressure. This may be noted
during straining, heavy lifting, and coughing, but can be present in more than
half of patients at rest.

2. An atrial septal aneurysm (ASA) reflects redundant tissue in the area of the fossa
ovalis that produces excessive mobility of the septum. This promotes adherence
of platelet–fibrin debris to the left atrial side which can embolize into the
systemic circulation, most commonly when there is a right-to-left shunt, which
is present in 50–80% of patients with these aneurysms. This may result from a
PFOor perforations developingwithin the aneurysm.Aneurysms are present in
only 2% of patients with PFOs, but when present, the likelihood of sustaining a
stroke is four times greater than with PFOs alone. Overall, PFOs are noted in
40% of patients with cryptogenic stroke, with 10% having both an ASA and a
PFO.295,296

3. A small percentage of patients bornwith congenital atrial septal defects (ASDs)
will reach adult life with a persistent left-to-right communication that may
remain asymptomatic for decades. The increased shunt flow results in right
atrial and right ventricular enlargement, eventually leading to pulmonary
hypertension, atrial fibrillation, and tricuspid regurgitation. An untreated large
ASD will eventually cause reversal of shunt flow, which is an inoperable
situation.

B. Clinical presentation

1. PFO. Most patients with a PFO are asymptomatic. Clinical presentation is
usually a transient ischemic attack (TIA) or stroke, or migraine-like headaches.
In one study, a PFO and/or ASA could be identified in about 30% of
patients<age 55 and 40%>age 55 who were diagnosed with a cryptogenic
stroke.297 Shunting through a PFO is believed to be the mechanism in
platypnea–orthodeoxia syndrome (dyspnea and deoxygenation when sitting
or standing up from a recumbent position).

2. ASDs. Depending on the size of the ASD, the degree of shunt flow, and the
presence of partial anomalous pulmonary venous drainage (noted with sinus
venosus defects), a patient may develop shortness of breath, fatigue, exercise
intolerance, frequent pulmonary infections, and palpitations from atrial ar-
rhythmias. Although the flow is predominantly left-to-right, paradoxical
embolism is noted in about 15% of patients.298

C. Evaluation

1. PFO. Transesophageal echocardiographywith agitated saline injection should
be performed in patients with cryptogenic stroke to detect right-to-left
shunting through a PFO. Transcranial Doppler studies with agitated saline
are also helpful.Noninvasive lower-extremity venous studies tend to be negative
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because the embolus usually arises from the heart or consists of platelet–fibrin
particles that are too small to detect.

2. ASDs. An echocardiogram can define the location and size of the septal defect,
which can determine whether percutaneous closure is feasible. It should also
quantitate the degree of left-to-right shunting, and assess RA and RV dilata-
tion, RV dysfunction, and the degree of pulmonary hypertension.

D. Indications for intervention

1. There is no indication for a prophylactic intervention in an asymptomatic
patient with a PFO, because alone it is not an independent risk factor for
stroke.296

2. There is increasing interest in PFO closures in patients with migraine head-
aches and documented ischemic cerebral events.299

3. The optimal treatment for patients with prior TIA or cryptogenic stroke
associated with a PFO is controversial.300 Medical therapy with aspirin and/
or warfarin can be recommended, because the risk of recurrent stroke is fairly
low (about 2.5% at 4 years).301 However, excellent results have been obtained
with percutaneous closure, which is safe and effective, and thus might be
justifiable.302 Closure can be recommended for patients with coexistent PFO
and ASA, in whom the risk of recurrent stroke is significantly greater (15% at
4 years).301

4. An ASD associated with symptoms, RA and RV enlargement (even if
asymptomatic), or shunt flow exceeding 1.5 : 1 should be closed.303 Surgery
can improve clinical status and prevent RV dilatation independent of the
patient’s age, although patients undergoing closure after age 30 tend to have
higher PA pressures and a greater incidence of atrial fibrillation, which
are predictive of an increase in late death from arrhythmias or heart failure.
An intervention can be offered as long as the PA pressure is less than 2/3
systemic or responds to vasodilators; irreversible pulmonary hypertension
contraindicates closure.304–306

E. Interventions

1. Percutaneous closure can be performed for PFOs and secundumASDs that are
less than 38mm in size and have a satisfactory tissue rim. Anticoagulation with
antiplatelet therapy (aspirin þ /� clopidogrel) is indicated for 6 months after
placement of the device (Amplatzer).

2. Surgical closure, usually with a patch, is indicated in large secundumASDs not
amenable to percutaneous closure and for all non-secundum ASDs, including
sinus venosus defects close to the SVC with associated anomalous pulmonary
venous drainage, and ostium primum defects. This can frequently be done
through a minithoracotomy incision.307

XVIII. Adults with Other Congenital Heart Disease
For the management of adults with all other forms of congenital heart disease, the reader is
referred to the ACC/AHA guidelines available at www.acc.org.303
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