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      Aortic Valve Surgery in Patients 
with Congestive Heart Failure                     

     Juan     A.     Crestanello     

      Abbreviations 

   ACC    American College of Cardiology   
  AHA    American Heart Association   
  AS    Aortic stenosis   
  AR    Aortic regurgitation   
  AVA    Aortic valve area   
  AVR    Aortic valve replacement   
  CABG    Coronary arteries bypass graft surgery   
  CAD    Coronary artery disease   
  CHF    Congestive heart failure   
  DST    Dobutamine stress test   
  ESC    European Society of Cardiology   
  LV    Left ventricle   
  LVEDD    Left ventricle end diastolic diameter   
  LVEF    Left ventricular ejection fraction   
  LVESD    Left ventricle end systolic diameter   
  NYHA    New York Heart Association   
  SV    Stroke volume   

          Introduction 

 Congestive heart failure (CHF) is a common 
manifestation of aortic stenosis and aortic regur-
gitation [ 1 ,  2 ]. CHF in the setting of aortic valve 
disease carries a dismal prognosis. Patients with 
aortic stenosis (AS) and CHF have an expected 
survival of less than 2 years when treated medi-
cally [ 3 ]. More contemporary data demonstrated 
that 1-year mortality is 50 % and at 10 years 
98 % of patients are death [ 4 ,  10 ] (Table  10.1 ). 
Patients with heart failure symptoms secondary 
to aortic regurgitation (AR) also have a dismal 
prognosis. The expected 3-year survival is only 
50 % [ 11 ].

   Aortic valve surgery is a well-established and 
reproducible procedure that is associated with 
low peri-procedure morbidity and mortality, 
symptomatic improvement, and improvement in 
long-term survival [ 1 ,  12 ]. In spite of its safety 
and benefi ts, a large proportion of patients with 
CHF secondary to aortic valve disorders don’t 
have surgery. Reasons for no intervention include 
too advanced cardiac disease, advanced age, 
presence of comorbidities, and short life expec-
tancy [ 2 ,  13 ]. The notion that surgery is associ-
ated with prohibitively high operative risk and no 
signifi cant clinical improvement in patients with 
advanced heart failure secondary to aortic valve 
disease dissuade many practitioners to recom-
mend aortic valve replacement (AVR). In this 
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chapter we review the indications for surgical 
management and the outcomes of patients with 
advance heart failure symptoms (NYHA class 
III–IV) and left ventricular dysfunction (LVEF 
≤35 %) secondary to aortic valve stenosis and 
regurgitation. Notwithstanding their high opera-
tive risk, most of these patients benefi t form 
AVR. AVR improve their symptoms, cardiac 
function, and long-term survival compared to 
medical management.  

    Aortic Stenosis and Congestive 
Heart Failure 

 Aortic stenosis is a disease of the elderly [ 14 ,  15 ]. 
It is estimated that 2.8 % of the population older 
than 70 years have aortic stenosis [ 14 ,  15 ]. Of 
them, 40–60 % have class III–IV symptoms and 
only one third of patients with LVEF ≤35 % have 
AVR [ 2 ,  8 ,  16 ]. 

 Aortic stenosis leads to left ventricular out-
fl ow obstruction and chronic pressure overload of 
the left ventricle. The LV hypertrophies in order 
to decrease wall stress. The magnitude and ade-
quacy of that hypertrophy and the associated 
changes in systolic ventricular function deter-
mine the clinical presentation, hemodynamic 
characteristics, response to treatment, and prog-
nosis [ 17 – 20 ] (Fig.  10.1 ). Aortic stenosis can 
lead to heart failure symptom by several mecha-
nisms: (1)  Diastolic dysfunction : it is the result 
of LV hypertrophy, increased wall thickness and 
decreased LV volume to mass ratio. LV end dia-
stolic pressure (LVEDP) is increases from dimin-
ished compliance and not from systolic failure 
[ 21 – 24 ]. (2)  Systolic dysfunction secondary to 
afterload mismatch : if the hypertrophic process 
is inadequate to compensate for the increased 
afterload, wall stress increases and the ejection 
fraction falls. This condition is called “afterload 
mismatch” and limits fi ber shortening [ 18 – 21 ]. 
There are two subgroups in this category: (a) 
patients that preserve their stroke volume and 
therefore their transaortic gradients are elevated 
and (b) patients on whom the stroke volume 
diminishes and therefore the transaortic gradient 
is low. This last group is diffi cult to differentiate 

from the next one. (3)  Systolic dysfunction sec-
ondary to intrinsic myocardial dysfunction : 
Persistently elevated wall stress, inadequate 
blood supply, and superimposed ischemia or 
infarction, myocardial fi brosis, and abnormalities 
of calcium handling further depress myocardial 
contractility. As before, these patients have 
diminished stroke volume and low transvalvular 
gradients but the benefi ts of surgery are less well 
established [ 20 ,  21 ]. If myocardial dysfunction is 
secondary to afterload mismatch, AVR is associ-
ated with good outcomes. If intrinsic myocardial 
dysfunction predominates, the response to AVR 
is less favorable with higher operative mortality 
and less LVEF improvement after AVR [ 18 ,  20 , 
 25 ,  26 ]. Nevertheless their less favorable out-
come with AVR, these patients have a signifi -
cantly better prognosis with surgery that with 
medical management.

      CHF Secondary to Aortic Stenosis 
with Normal Left Ventricular 
Function and Normal Stroke Volume 

 If the LV hypertrophy is adequate, the wall stress 
normalizes and the left ventricular function is 
maintained (Fig.  10.1 ) [ 18 ,  19 ,  21 ]. These patients 
have normal left ventricular function as evi-
denced by a normal stroke volume and ejection 
fraction. The transvalvular gradient is elevated. 
LVEDP is elevated secondary to decreased com-
pliance from diastolic dysfunction and increased 
afterload. 

 They respond very well to aortic valve replace-
ment. The surgical risk is low [ 1 ,  12 ]. Risk adjusted 
operative mortality is 2.3 % and has steadily 
declined over the last 10 years [ 1 ]. The operative 
mortality increases with the severity of the symp-
toms and lower LVEF [ 1 ,  12 ]. Patients with con-
gestive heart failure symptoms have an operative 
mortality of 4.4 % vs. 1.6 % on those without [ 1 ]. 
Operative mortality in patients with a LVEF ≥30 % 
is 2.4 % vs. 5.2 % if LVEF <30 % [ 1 ]. 

 AVR effectively relieves symptoms and 
improves quality of life [ 27 ]. Long-term survival 
is similar to that expected for an age and sex 
matched population for patients with normal 
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LVEF, but there is an excess mortality for patients 
with NYHA class III–IV symptoms [ 27 – 29 ]. 
Contemporary series have demonstrated that 
AVR can be performed with no operative mortal-
ity and 1 and 3-year survival of 97 and 94 % 
respectively [ 30 ]. Mihaljevic demonstrated in 
3,049 patients operated for aortic stenosis that 
5-year survival for patients with no LV dysfunc-
tion was 80 %. However, for those in NYHA 
class III–IV, 5-year survival was 65–70 %[ 28 ]. 
The New York State database demonstrated that 
30-month survival for patients with EF >40 % 
was 87.5 % and with CHF was 83.4 % [ 31 ]. 

 AVR decreases ventricular afterload and is 
associated with improved LVEF, regression of 
LV hypertrophy, and LV mass [ 25 ,  32 ,  33 ]. 
Sharma described that LVEF improved by 6.8 EF 
points after AVR. The improvement was evident 
at 6 months and was maintained for up to 10 years 
after surgery (EF 56 ± 4 % preoperatively, 
63 ± 3 % at 0–6 months, 63 ± 5 % at 7–24 months, 
and 63 ± 4 at 25–120 months) [ 34 ]. Some studies 

showed no change in LVEF after AVR in patients 
with normal LVEF. LV mass regression was more 
marked in the fi rst 6 months after surgery and 
maintained for up to 10 years (181 ± 26 g/m 2  pre-
operative vs. 124 ± 27 g/m 2  at 6 months, 
117 ± 15 g/m 2  at 24 months, and 113 ± 14 g/m 2  at 
120 months after AVR) [ 34 ].  

    CHF Secondary to Aortic Stenosis 
with Normal Left Ventricular 
Function and Low Transvalvular 
Gradient (AVA ≤0.8 cm 2 , EF ≥50 %, 
Mean Aortic Valve Gradient 
<40 mmHg) (Table  10.2 ) 

    These patients have more hypertrophy than the nec-
essary to compensate for the increased afterload and 
wall stress (Fig.  10.1 ) [ 21 ]. This group represents 
9–35 % of patients with severe AS and normal 
LVEF [ 8 ,  35 – 38 ]. They are commonly overlooked 
in clinical practice. Since they have preserved LVEF 

  Fig. 10.1    Mechanisms responsible for heart failure in aortic stenosis and response to aortic valve replacement       
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and low transvalvular gradient, the small AVA is 
often attributed to calculation error [ 35 ]. The sever-
ity of their stenosis is erroneously underestimated 
[ 35 ]. Therefore, they are 40–50 % less likely to be 
referred to surgery [ 35 ,  38 ]. 

 These patients are often elderly females, have 
severe left ventricular hypertrophy, thicker ventri-
cles, smaller left ventricular cavities with a restric-
tive fi lling pattern (diastolic dysfunction) and 
intrinsic myocardial dysfunction secondary to myo-
cardial fi brosis [ 8 ,  35 ,  37 ,  39 ,  40 ]. The low transval-
vular gradient results from decreased fl ow across 
the aortic valve secondary to low stroke volume or 
prolonged systolic ejection period [ 36 ]. These 
patients are in more advanced stages of their disease 
and have worse prognosis than patients with normal 
EF and high gradient aortic stenosis [ 38 ,  39 ]. 

 Symptomatically the majority of these patients 
are in NYHA functional class III–IV [ 36 ,  37 ]. 

 Several studies have demonstrated that these 
patients have better survival when treated with 
AVR compared to medical management 
(Table  10.2 ). The operative mortality is between 
2.7 % and 18 %. These patients are predisposed 
to low cardiac output postoperatively given their 
severe left ventricular hypertrophy and diastolic 
dysfunction, and decreased systemic arterial 
compliance [ 39 ]. Aggressive volume resuscita-
tion and beta blockade is often necessary. 

 Pai studied 52 patients with severe aortic steno-
sis, EF ≥55 % and a mean transvalvular gradient 
<30 mmHg [ 8 ]. By propensity score matching 18 
patients who had AVR were compared with 14 
patients without AVR. One and 5-year survival 
were 92 % and 88 % in the AVR group compared 
with 82 % and 10 % in the non-AVR group. Series 
from Tarantini and Hachicha also confi rmed those 
fi ndings (Table  10.2 ) [ 36 ,  38 ]. LVEF an NYHA 
functional class improved after surgery [ 36 ].  

    CHF Secondary to Aortic Stenosis 
with Low Left Ventricular Ejection 
Fraction 

 Poor preoperative left ventricular function is the 
major predictor of outcomes in patients with aor-
tic stenosis [ 25 ,  28 ,  29 ,  31 ]. 

 The incidence of left ventricular dysfunction 
in patients with severe aortic stenosis is diffi cult 
to precise. It varies with the defi nition used and 
the population investigated. 5.4 % of patients in 
the Society of Thoracic Surgeons database who 
had isolated AVR between 1997 and 2006 had 
LVEF <30 % [ 1 ]. The Euro Heart Survey of 
Valvular Heart Disease showed that 2.9 % of the 
patients who underwent AVR had LVEF <30 % 
and 16.4 % had LVEF between 30 % and 50 % 
[ 2 ]. In AVR series, the incidence ranges from 
12 % to 21 % depending on the LVEF threshold 
used [ 18 ,  41 ]. In a study from an echocardiogra-
phy database, 26 % of patients with severe aortic 
stenosis had LVEF ≤35 % and 23 % had a mean 
transvalvular gradient ≤30 mmHg [ 8 ]. Only one 
third of them had AVR [ 8 ]. 

    CHF Secondary to Aortic Stenosis 
with Low Left Ventricular Ejection 
Fraction and High Transvalvular 
Gradients (Table  10.3 ) 
    These patients with CHF secondary to severe AS 
and depressed LVEF but able to generate trans-
aortic gradients ≥40 mmHg, benefi t signifi cantly 
from AVR [ 8 ,  25 ,  41 – 45 ] (Fig.  10.1 , Table  10.3 ). 
They represent 20 % of the patients with severe 
AS and low LVEF [ 41 ]. 

 Thirty-day mortality ranged from 9 % to 
19.5 %. Predictors of operative mortality were 
preoperative myocardial infarction, coronary 
artery disease, and cardiomegaly. 

 Symptomatic improvement occurred in the 
majority of patients after AVR. Most patients were 
in functional class I or II at late follow-up. LVEF 
improved early after AVR and continued to improve 
at late follow-up [ 34 ,  44 ]. The improvement in 
LVEF was usually more pronounced than in 
patients with preserved LVEF and severe AS [ 34 ]. 
Improvement in LVEF was associated with greater 
AS severity as determined by smaller aortic valve 
area and higher mean gradients, better preoperative 
ejection fraction, less remodeled ventricles, and the 
absence of coronary artery disease or previous 
myocardial infarction [ 25 ,  42 ,  46 ]. 

 Aggregated long-term survival ranged from 
77 % to >90 % at 1 year and from 58 % to 71 % at 
5 years. In the absence of coronary artery disease 
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survival of patients with severe aortic and reduced 
left ventricular function with elevated gradients 
was similar to the expected survival of the overall 

population [ 25 ]. Independent predictors of long-
term survival by multivariate analysis are listed in 
Table  10.4 .

     Table 10.4    Risk factors associated with early mortality, long-term survival and improvement in LVEF after aortic 
valve replacement for low left ventricular ejection fraction low gradient aortic stenosis   

  Independent risk factors associated with 30 day mortality after AVR for low LVEF-low gradient aortic 
stenosis  

  Author    Ref    Factor    HR or RR    95 CI    Association  

  Coronary artery disease  

 Powell  [ 43 ]  Previous myocardial infarction  14.9  2.4–92.1  Positive 

 Levy  [ 47 ] 

 Multivessel coronary artery disease 

 2.2  1.02–5.02  Positive 

 Connolly  [ 25 ]  4.6  1.4–15  Positive 

 Flores Marin  [ 42 ]  2.09  1.261–51  Positive 

 Tribouilloy  [ 9 ] 
 Concomitant CABG 

 9.7  1.9–49.9  Positive 

 Rothenburger  [ 48 ]  4.12  0.94–18.7  Positive 

  Myocardial dysfunction  

 Tribouilloy  [ 9 ] 
 Mean aortic valve gradient ≤20 mmHg 

 10  1.2–84.9  Positive 

 Monin  [ 4 ]  4.7  1.1–21  Positive 

 Levy  [ 47 ]  Preoperative mean aortic valve 
gradient 

 0.89  0.83–0.96  Positive 

 Levy  [ 47 ] 
 Absence of contractile reserve 

 4.4  1.1–17.5  Positive 

 Monin  [ 4 ,  49 ]  10.9  2.6–43.4  Positive 

 Rothenburger  [ 48 ]  LVESD>54 mm  0.24  0.05–1.05  Positive 

 Vaquette  [ 44 ]  Cardiothoracic ratio ≥0.6  12.2  5.4–27.4  Positive 

 Flores Marin  [ 42 ]  Preoperative mitral regurgitation  2.37  1.44–80  Positive 

 Rothenburger  [ 48 ]  NYHA class III or IV  0.14  0.02–1.12  Positive 

  Comorbidities and other factors  

 Halkos  [ 45 ]  Age  1.05  1.01–1.08  Positive 

 Flores Marin  [ 42 ]  Female gender  2.6  2.2–89  Positive 

 Rothenburger  [ 48 ]  Creatinine ≥1.4  11  2.34–56.82  Positive 

 Halkos  [ 45 ]  Emergent status  5.9  1.21–28.08  Positive 

 Halkos  [ 45 ]  Cardiopulmonary bypass time  1.03  1.01–1.03  Positive 

 Connolly  [ 26 ]  Small prosthesis  n/a 

  Independent risk factors associated with long term survival after AVR for low LVEF - low gradient aortic 
stenosis  

  Author    Ref    Factor    HR or RR    95 CI    Association  

  Aortic valve replacement  
 Monin  [ 4 ] 

 AVR 

 0.3  0.17–0.53  Positive 

 Pai  [ 8 ]  0.5  0.3–0.87  Positive 

 Tribouilloy  [ 9 ]  0.16  0.12–3.16  Positive 

 Pereira  [ 54 ]  0.19  0.09–0.39  Positive 

  Coronary artery disease  

 Levy  [ 47 ] 

 Multivessel coronary artery disease 

 1.85  1.05–2.72  Negative 

 Tribouilloy  [ 9 ]  1.3  1.08–2.07  Negative 

 Connolly  [ 25 ]  n/a  Negative 

 Pai  [ 8 ]  Concomitant CABG  n/a  Negative 
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Table 10.4 (continued)

  Myocardial dysfunction  

 Monin  [ 4 ,  49 ]  Contractile reserve  0.4  0.23–0.69  Positive 

 Levy  [ 47 ]  Preoperative mean aortic valve 
gradient >20 mmHg 

 0.95  0.91–0.99  Positive 

 Tribouilloy  [ 9 ]  Preoperative mean aortic valve 
gradient ≤20 mmHg 

 11.25  1.83–14.7  Negative 

 Connolly 97  [ 25 ]  Preoperative low cardiac output  n/a  Negative 

 Flores Marin  [ 42 ]  Postoperative low cardiac output  4.4  1.20–15.5  Negative 

 Tarantini  [ 83 ]  LVESVI ≤ 90 ml/m 2   n/a  Positive 

 Vaquette  [ 44 ]  Postoperative early increase in EF 
≤ 10 units 

 0.96  0.94–0.97  Negative 

 Halkos  [ 45 ]  Low preoperative LVEF  0.98  0.97–1.0  Negative 

 Levy  [ 47 ]  Preoperative atrial fi brillation  1.75  1.07–2.85  Negative 

  Comorbidities  

 Pereira  [ 54 ]  Age  1.05  1.02–1.07  Negative 

 Halkos  [ 45 ]  1.05  1.03–1.09  Negative 

 Vaquette  [ 44 ]  2.6  2.1–4.1  Negative 

 Pereira  [ 54 ]  Creatinine>1.5  1.5  (1.2–1.9)  Negative 

 Pai  [ 8 ]  Renal failure  n/a  Negative 

 Halkos  [ 45 ]  Peripheral vascular disease  1.86  1.13–3.06  Negative 

 Halkos  [ 45 ]  Previous stroke  1.94  1.16–3.85  Negative 

 Halkos  [ 45 ]  Renal failure requiring dialysis  2.95  1.13–7.75  Negative 

 Levy  [ 47 ]  Euroscore >10  1.13  1.04–1.25  Negative 

  Independent risk factors associated with LVEF improvement after AVR for low LVEF - low gradient aortic 
stenosis  

  Author    Ref    Factor    HR or RR    95 CI    Association  

  Coronary artery disease  

 Quere  [ 53 ]  Multivessel coronary artery disease  −0.2  Negative 

 Connoly  [ 25 ]  Less coronary artery disease  n/a  Positive 

  Myocardial dysfunction  

 Quere  [ 53 ]  Mean aortic valve gradient 
≤30 mmHg 

 −0.5  Negative 

 Vaquette  [ 44 ]  High mean aortic valve gradient  1.05  1.0–1.1  Positive 

 Matsumura  [ 46 ]  Preoperative LVEF  n/a  Positive 

 Matsumura  [ 46 ]  End systolic volume index <48 ml/
m 2  

 n/a  Positive 

 Matsumura  [ 46 ]  End diastolic sphericity <0.57  n/a  Positive 

 Vaquette  [ 44 ]  Cardiothoracic ratio <0.6  5.95  3.0–11.6  Negative 

  Other  

 Connolly  [ 26 ]  Female gender  n/a  Positive 

 Connolly  [ 26 ]  Small preoperative aortic valve 
area 

 n/a  Positive 

 Pereira  [ 54 ]  Preoperative syncope  n/a  Positive 

 Pereira  [ 54 ]  Systemic Hypertension  n/a  Negative 
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       CHF Secondary to Aortic Stenosis 
with Low Left Ventricular Ejection 
Fraction and Low Transvalvular 
Gradients (Table  10.5 ) 
    These are the most challenging patients with 
CHF and AS. They have more advanced myocar-
dial dysfunction secondary to (a) afterload mis-
match and therefore reversible or (b) to the 
combination of afterload mismatch and intrinsic 
myocardial dysfunction that will not reverse with 
AVR [ 20 ,  50 ]. While most patients will benefi t 
form AVR, the ones that would benefi t the most 
are those with reversible myocardial dysfunction. 
The determination of contractile reserve (defi ned 
as an increase in the stroke volume ≥20 % by the 
infusion of low dose of dobutamine) is useful to 
determine the presence of reversible or irrevers-
ible myocardial dysfunction [ 4 ,  21 ,  49 ,  51 ,  52 ] 
(Fig.  10.2 ). It is believed that the myocardial dys-
function in patients with AS, low LVEF, and low 
transvalvular gradient (mean aortic valve gradi-
ent <40 mmHg) who have contractile reserve is 
primarily due to afterload mismatch and there-
fore reversible, while patients without contractile 
reserve are believe to have intrinsic myocardial 
dysfunction [ 4 ,  21 ,  49 ,  51 ,  52 ]. The determina-
tion of irreversible myocardial dysfunction by the 
absence of contractile reserve is not perfect since 
a large number of patients without contractile 
reserve will benefi t from AVR [ 4 ,  9 ,  53 ].

   The dobutamine challenge also helps to dif-
ferentiate patients with low cardiac output and 
true severe aortic stenosis from those with low 
cardiac output and mild aortic stenosis or pseudo 
aortic stenosis by examining the changes in aortic 
valve area, stroke volume, and mean aortic valve 
gradient (Fig.  10.2 ). Patients with true severe aor-
tic stenosis respond to the dobutamine induced 
increase in stroke volume with an increase in the 
mean gradient while the calculated aortic valve 
area remains low. Patients with pseudo aortic ste-
nosis increase their aortic valve area. They do not 
benefi t from AVR [ 4 ,  49 ,  51 ,  52 ]. 

 The presence of contractile reserve has prog-
nostic implications for patients treated either with 
AVR or with medical management. It predicts the 
operative risk as well as the long-term survival of 
patients with low EF low gradient aortic stenosis. 

Early mortality in patients with contractile reserve 
ranges from 5 % to 7 % while in those without 
ranges from 26 % to 33 % [ 4 ,  9 ,  52 ]. 

 Long-term survival and functional status after 
AVR is also infl uenced by contractile reserve. 
Monin in a multicenter study demonstrated that 
patients with contractile reserve had improved 
1-year (90 vs. 60 %) and a 5-year (74 vs. 37 %) 
survival after AVR compared to those without 
contractile reserve. In the same study, NYHA 
functional class improvement occurred in 84 % 
of patients with contractile reserve vs. in 45 % of 
patients without [ 4 ]. In a subsequent sub study, 
Quere analyzed the outcomes of patients who 
survived AVR and showed that contractile reserve 
did not infl uence long-term survival suggesting 
that the contractile reserve is only a primary 
determinant of surgical risk [ 53 ]. 

 In spite of the high operative mortality and 
limited long-term survival associated with AVR 
in patients without contractile reserve, AVR sig-
nifi cantly improve their prognosis compared to 
medical management. Monin demonstrated that 
1 and 5-year survival with or without contractile 
reserve was better for patients treated with AVR 
than for patients who received medical therapy 
(Tables  10.1  and  10.5 ) [ 4 ]. 

 Tribouilloy demonstrated on 81 patients with 
low-fl ow/low-gradient AS without contractile 
reserve that AVR was associated with lower 
1-year (75 vs. 35 %) and 5-year (54 vs. 13 %) 
mortality than medical therapy. In addition only 
9 % of the AVR patients had heart failure symp-
toms at follow-up compared with 81 % of the 
medically managed patients [ 9 ]. 

 Clavel (2003) demonstrated in the same group 
of patients that AVR was only associated with 
improved overall survival compared with medi-
cal management in the subset of patients with 
more severe stenosis (AVA <1.0 cm 2 ). This lack 
of improvement was likely due to the high opera-
tive mortality (18 %) [ 7 ]. Once operative mortal-
ity was excluded, patients who survived AVR had 
excellent late survival compared with patients 
treated medically (70 vs. 50 %) (Table  10.5 ) [ 7 ]. 

 Early postoperative improvement in ejection 
fraction is associated with improved long-term 
survival and functional status [ 53 ,  55 ]. Connolly 
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demonstrated that LVEF improved in 74 % of the 
survivors. The mean improvement was an 
increase of 10 ± 14 EF units. Positive change in 
LVEF was associated with female sex and smaller 
preoperative aortic valve area [ 26 ]. Those who 
did not improve probably had intrinsic myocar-
dial dysfunction from previous myocardial 
infarction or myocardial fi brosis (see above). 

 Quarre demonstrated that LVEF improvement 
can be observed in patients without contractile 
reserve after AVR [ 53 ]. 83 % of patients with and 
65 % of the patients without contractile reserve 
obtained ≥10 % improvement in LVEF after 
AVR. The magnitude of the improvement was 
similar regardless the presence of contractile 
reserve. Contractile reserve was not a predictor of 
improvement in LVEF after AVR. Therefore 

absence of contractile reserve does not always 
predict irreversible myocardial dysfunction. 
Higher preoperative mean aortic valve gradient 
and absence of multivessel coronary artery dis-
ease were associated with improvement in LVEF 
after AVR [ 53 ].  

    Predictors of Outcomes 
 Since contractile reserve alone does not accu-
rately predict long-term outcomes in severe 
aortic stenosis with low LVEF and low trans-
valvular gradients, other factors should be con-
sidered to risk stratify patients before AVR [ 53 ]. 
Several studies have identifi ed independent pre-
dictors of early mortality, long-term survival 
and improvement in LVEF and functional class 
(Table  10.4 ). 

  Fig. 10.2    Dobutamine stress test for the determination of contractile reserve and aortic stenosis severity       
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 Predictors of 30-day mortality include coro-
nary artery disease (CAD) (as defi ned by previ-
ous MI, multivessel CAD, and concomitant 
CABG), which likely indicates the presence of 
intrinsic and probably irreversible myocardial 
dysfunction secondary to fi brosis or myocardial 
infarction [ 9 ,  25 ,  42 ,  43 ,  47 ,  48 ]. In addition, con-
comitant CABG increases the operative time and 
complexity of the surgery. Surrogates for more 
advanced left ventricular dysfunction are low 
mean transaortic gradients, absence of contractile 
reserve, and dilated left ventricle [ 4 ,  9 ,  42 ,  44 , 
 47 – 49 ]. The increased mortality with small pros-
thesis size may be the result of high residual aor-
tic valve gradient and incomplete relieve of the 
LV outfl ow obstruction [ 26 ]. Patients with LV 
dysfunction tolerate poorly residual aortic gradi-
ent and patient prosthesis mismatch since they 
are highly sensitive to increased afterload [ 26 , 
 41 ,  56 ,  57 ]. Patient prosthesis mismatch results in 
decreased survival, lower freedom from heart 
failure, and incomplete left ventricular mass 
regression [ 41 ,  57 ]. Patient prosthesis mismatch 
should be avoided by implanting prosthesis with 
superior hemodynamic performance and consid-
ering the prosthetic effective orifi ce area indexed 
to body surface area at the time of AVR. Some 
have advocated the use of stentless valves [ 58 ]. 
Percutaneous aortic valves may have an advan-
tage in this group since they have better hemody-
namic performance with larger postoperative 
aortic valve area and lower transvalvular gradient 
than surgically placed valves [ 41 ,  59 ]. 

 Other factors associated with early mortality 
are common predictors of increased surgical risk 
(age, presence of comorbidities, advanced func-
tional status, emergency surgery, and female gen-
der) (Table  10.4 ). 

 Aortic valve replacement is the main factor 
associated with long-term survival, LVEF 
improvement, and improved functional status in 
patients with low LVEF and low gradient aortic 
stenosis [ 4 ,  8 ,  9 ,  54 ]. This reinforces the notion 
that even risky, AVR provides a signifi cant sur-
vival advantage to these patient compared to 
medical management alone. 

 Other factor negatively associated with long- 
term survival was presence of coronary artery 

disease [ 8 ,  9 ,  25 ,  47 ]. As in early mortality, CAD 
indicates intrinsic myocardial dysfunction. 
Factors associated with ventricular dysfunction 
(contractile reserve, low preoperative mean gra-
dient, pre and postoperative low cardiac output, 
remodeled ventricles, and atrial fi brillation) also 
negatively affected long-term survival [ 4 ,  9 ,  25 , 
 36 ,  42 ,  44 ,  45 ,  47 ,  49 ]. Early improvement in 
LVEF [ 44 ] predicted long-term survival indicat-
ing that most of myocardial dysfunction was 
reversible secondary to afterload mismatch. 
Advance age, comorbidities, and elevated 
EuroSCORE also predicted decreased survival 
[ 8 ,  44 ,  45 ,  47 ,  54 ]. 

 Improvement in LVEF was associated with 
similar factor as those that predict early and late 
survival [ 25 ,  43 ,  44 ,  46 ,  53 ,  54 ]. Coronary artery 
disease, myocardial dysfunction, less ventricular 
remodeling. In addition the presence of systemic 
hypertension was negatively associated with 
improvement in LVEF. It was presumed that sys-
temic hypertension was associated with myocar-
dial fi brosis. 

 The only independent factor associated with 
improved functional status at late follow-up was 
the early improvement in LVEF >10 ejection 
fraction units [ 44 ]. 

 Many of the variables associated with adverse 
outcomes are similar to those associated with 
adverse outcomes in the general population of 
aortic stenosis patients. Hannan identifi ed age 
>60 years, LVEF <50 %, CHF, myocardial infarc-
tion less than 24 h before surgery, lower body 
surface area, previous cardiac operation, and sev-
eral comorbidities as independent predictors of 
30 day mortality [ 31 ]. Factors associated with 
increased long-term mortality were concomitant 
CABG, age >60, small body surface area, emer-
gency status, and comorbidities [ 31 ]. Mihaljevic 
identifi ed the following risk factors as associated 
with early death: older age, LV dilatation, and 
smaller prosthetic size. Risk factors for late death 
were older age, greater degree of aortic stenosis, 
greater LV mass index, smaller prosthetic size, 
LV dysfunction, and advanced symptoms. Risk 
factors associated with advanced symptoms 
include calcifi c aortic stenosis and severe LV 
dysfunction [ 28 ].   
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    Emerging Therapies for Aortic 
Stenosis: Role of TAVR 
and Percutaneous Valvuloplasty 

    Transcatheter Aortic Valve 
Replacement (TAVR) 
  Transcatheter aortic valve replacement (TAVR) : 
has become an alternative to surgical AVR for high 
surgical risk or inoperable patients with aortic ste-
nosis [ 10 ,  59 ]. AVR for patients with severe aortic 
stenosis with low ejection fraction and low gradi-
ent is associated with signifi cant operative mortal-
ity and morbidity (Table  10.5 ). It is expected that 
TAVR would decrease operative mortality due to 
the less invasive nature of the procedure and the 
avoidance of cardiopulmonary bypass. Clavel 
compared TAVR to AVR in this group of patients 
[ 60 ]. Mean LVEF was 34 ± 10 %. Aortic valve area 
was 0.72 ± 0.17 cm 2  in AVR and 0.64 ± 0.18 cm 2  in 
the TAVR group. Mean aortic valve gradient was 
36 ± 14 mmHg. Operative mortality was higher in 
the TAVR group (19 vs. 12 %) partially related 
to the high-risk profi le in this group. TAVR was 
also associated with a better improvement in aor-
tic valve area and transvalvular gradient compared 
to AVR and with a lower incidence of patient 
prosthesis mismatch. As a consequence, TAVR 
patients had a faster and more complete recovery 
of their LVEF. At 1 year follow-up 58 % of the 
TAVR patients had normalized their LVEF com-
pared with 28 % of the AVR patients. Unbenhaum 
reported transapical aortic vale replacement in 21 
patients with advanced heart failure and severe 
ventricular dysfunction (LVEF 20 ± 5 %) second-
ary to aortic stenosis (AVA 0.8 ± 0.3 cm 2 , mean 
gradient 33 ± 13 mmHg) [ 61 ]. Operative mortality 
was 4.8 %. One and 2-year survival was 76 and 
62 %. There was early improvement of LVEF to 
38 ± 11 %. This study demonstrates the feasibility 
of treating patients with low gradient low EF aortic 
stenosis with a percutaneous transapical approach. 
TAVR may be an alternative to AVR in these high-
risk patients as long as 30-day mortality is lower 
than AVR.  

   Percutaneous Aortic Valvuloplasty 
 Percutaneous aortic valvuloplasty is an alternative 
for patients with severe acquired aortic  stenosis 

and LV dysfunction who are not candidates for 
surgery. Percutaneous aortic valvuloplasty was 
associated with temporary reduction of transval-
vular gradients (from 55 to 29 mmHg), increase in 
the aortic valve area (mean increase 0.3 cm 2 ), 
improvement in left ventricular performance, and 
symptomatic improvement [ 62 ]. However, it had 
several disadvantages: (1) it was associated with a 
25 % risk of complications, (2) the improvement 
was short lived with recurrence of the symptoms 
within a few months and (3) there was no survival 
benefi t [ 63 – 66 ]. With the advent of transcatheter 
aortic valve replacement, aortic valvuloplasty has 
reemerged as a procedure for the treatment of aor-
tic stenosis [ 67 ]. It is usually utilized in patients 
with congestive heart failure or cardiogenic shock 
to stabilize them and bridge them to TAVR or to a 
high-risk aortic valve replacement [ 66 ,  67 ].    

    Aortic Regurgitation and CHF 

 Aortic insuffi ciency leads to both pressure and 
volume overload on the left ventricle [ 18 ,  21 ,  68 ]. 
Volume overload (increased preload) results from 
the diastolic regurgitant volume. Increased after-
load is the result of the increased aortic stroke 
volume (regurgitant volume plus forward stroke 
volume) that leads to systolic arterial hyperten-
sion. The increase in wall stress leads to compen-
satory LV dilatation and eccentric hypertrophy. 
These changes decrease wall stress and preserve 
ejection fraction. Progressive LV dilatation over-
comes those compensatory mechanisms lead-
ing to myocardial dysfunction and decreased 
EF. At this point, LV function will improve after 
AVR. Persistent regurgitation and further increase 
in wall stress lead to further systolic dysfunction 
secondary to ischemia and myocardial fi brosis [ 68 , 
 69 ]. At this stage, when the ventricle is severely 
dilated, intrinsic myocardial dysfunction becomes 
the predominant mechanism responsible for LV 
dysfunction and AVR is less likely to improve LV 
function. However, even without LVEF improve-
ment, AVR will improve loading conditions and 
facilitate CHF management [ 21 ]. 

 Congestive heart failure secondary to 
severe aortic regurgitation (AR) has several 
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 commonalities with the one secondary to severe 
aortic stenosis. It is common, its medical man-
agement results in poor outcomes, and it is 
undertreated. 

 In the Euro Heart Survey, AR was the third 
most common valve pathology after aortic steno-
sis and mitral regurgitation. Only one third of 
those patients were treated surgically. That pro-
portion is even lower in patients with left ven-
tricular dysfunction: only 22 % of patients with 
LVEF between 30 % and 50 % and 3 % of patients 
with LVEF <30 % had AVR [ 2 ,  11 ,  70 ]. 

 In the STS database, 47 % of isolated AVR 
patients had some degree of AR. Fifty-two per-
cent were in NYHA class III–IV. However, only 
5 % had LVEF <30 % [ 1 ]. 

 Twenty percent of patients with severe AR 
from and echocardiography database have LVEF 
≤35 % [ 11 ]. In other series, they represent 11 % 
of patients who received AVR [ 18 ]. 

 The natural history of asymptomatic severe AR 
with normal LVEF and normal ventricular dimen-
sions is benign [ 21 ,  68 ,  72 ,  73 ]. However, once 
congestive heart failure, ventricular dilatation, or 
LV dysfunction develops, the prognosis of medi-
cally treated patients is poor. Survival ranges from 
20 % to 50 % at 5 years and the majority of patients 
are in NYHA class III–IV [ 11 ,  68 ,  74 ,  75 ]. Thus, 
surgery is recommended when (a) patients become 
symptomatic (ACC- AHA guidelines class I and 
ESC guidelines class IB), (b) the LVEF is ≤50 % 
independently of symptoms (ACC-AHA guide-
lines class I and ESC class IB) or (c) the LV dilates 
(LVEDD >75 mm or LVESD >55 mm,ACC-AHA 
guidelines class IIa) [ 21 ,  75 ]. The ESC guidelines 
recommends surgery with lesser degree of LV dil-
atation (LVEDD >70 mm or LVESD >50 mm, 
class IIaC) [ 75 ]. 

 The surgical outcomes of patients with 
advanced CHF (NYHA class III–IV) and severe 
LV dysfunction (LVEF ≤35 %) secondary to 
chronic AR has only been studied in a few series 
(Table  10.6 ).

   The operative mortality in this group was high 
(Table  10.6 ). Operative mortality was four time 
higher in low ejection fraction patients than in 
patients with normal EF (14 vs. 3.7 %) [ 78 ]. 
Concomitant procedures and advanced NYHA 

class increased operative mortality [ 78 ]. Klodas 
demonstrated that patients in NYHA class III–IV 
had a six time higher operative mortality (7.8 vs. 
1.2 %) [ 77 ]. 

 Aortic valve replacement improves long-term 
survival compared to medical management. One- 
year survival ranged from 80 % to 99 %. Five- 
year survival ranged from 60 % to 80 %. The only 
study that compared medical management with 
AVR showed that AVR improved 1-year survival 
from 65 % to 88 % and 5-year survival from 37 % 
to 70 % (Table  10.6 ) [ 11 ]. After adjusting for 
baseline variables AVR was  associated with a sig-
nifi cantly lower hazard of mortality (HR 0.59, 
95 % CI 0.42–0.98,  P  < 0.04) [ 11 ]. 

 Other independent predictors of long-term 
survival were preoperative LVEF, NYHA class, 
and age [ 78 ]. Five year survival for patients with 
LVEF <35 % was 60 % compared with 85 % for 
patients with normal EF. This survival, although 
better than with medical management, was 65 % 
lower than the expected survival of an age and 
sex matched population [ 78 ]. This suggests that 
AVR does not completely reverse the myocardial 
dysfunction induced by long-standing AR. 

 Other factor associated with poor long-term 
survival was dilated left ventricle as identifi ed by 
indexed LV dimensions. Patients with LVESDi 
≥20 mm/m 2  and LVEDDi ≥30 mm/m 2  had worse 
long-term survival independently of their preop-
erative LVEF and NYHA functional class [ 79 ]. 
Previous studies have shown that extreme LV 
dilatation (LVEDD≥80 mm) did not prevent 
improvement in LV function after AVR [ 80 ]. 

 Even patient with extremely reduced LVEF 
(LVEF <20 %) achieved a survival advantage 
with AVR compared to medical management 
[ 11 ]. Severe pulmonary hypertension (systolic 
pulmonary pressure >60 mmHg) and functional 
mitral regurgitation adversely affect long-term 
survival [ 75 ,  81 ]. AVR and mitral valve repair 
were also associated with a better survival than 
medical management [ 75 ,  81 ]. 

 AVR result in symptomatic improvement. The 
majority of patients remain free of CHF symp-
toms after AVR [ 48 ,  78 ]. 

 Similarly to aortic stenosis the impairment in 
LVEF in AR is related to a combination of (a) 
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afterload mismatch and (b) intrinsic myocardial 
dysfunction. LVEF improvement after AVR will 
depend of the relative contribution of each mech-
anism. AVR resulted in LVEF improvement in 
the majority of patients with severe LV dysfunc-
tion [ 78 ,  79 ]. The improvement is more pro-
nounced in patients with lower preoperative EF 
[ 78 ,  79 ]. The time course of LVEF improvement 
show a modest initial decrement in EF followed 
by a gradual improvement over the course of the 
next 6 months [ 69 ,  79 ]. Late improvement in 
LVEF was associated with the presence of early 
LV reverse remodeling defi ned as a 10 % reduc-
tion in LVEDD [ 69 ]. LVEF decreased signifi -
cantly late after AVR in patients with no early LV 
reverse remodeling. Preoperative LV stroke vol-
ume >97 ml was the best independent predictor 
of early reverse remodeling [ 69 ]. 

 Heart transplantation and mechanical circula-
tory support should be considered as an alterna-
tive treatment in this group of patients [ 82 ]. 
However, in spite of the high operative mortality 
most patients with congestive heart failure sec-
ondary to severe AR with severely reduced LVEF 
greatly benefi t from AVR [ 78 ]. Most patients 
achieved lasting symptomatic improvement and 
improvement in their ejection fraction. Long- 
term survival is better than the one after heart 
transplantation without the side effects and com-
plications of immunosuppression and rejection.  

    Conclusions 

 Patients with aortic valve disorders and asso-
ciated left ventricular dysfunction usually 
present with congestive heart failure. Their 
prognosis with medical management is 
extremely poor. Aortic valve replacement, 
although risky is associated with improved 
long-term survival, improved ventricular 
function, and functional class compared to 
medical management. The decision to per-
form aortic valve surgery in these patients is 
challenging. Associated comorbidities, frailty 
and other factors may limit their life expec-
tancy in addition to the cardiac disease [ 2 ,  84 ]. 
These factors should be carefully considered 
to risk stratify and guide the decision to per-
form surgery. The use of risk calculators 

(EuroSCORE and STS risk calculator) is a 
helpful tool to guide therapy [ 85 ,  86 ]. 
However, they may over or underestimate the 
risk [ 87 ]. Surgery should be considered on 
those patients whose life expectancy is not 
limited by their comorbidities or frailty. 
Transcatheter aortic valve implantation may 
benefi t these patients if their use results in 
lower procedural mortality than surgery.     
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