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Introduction

Aortic stenosis (AS) is the most common valvular lesion that 
affects 2-7% of the population age >65 years worldwide (1). 
Increased afterload caused by the stenotic valve inevitably 
leads to systolic and diastolic dysfunction. It is suggested 
that once the symptoms of left ventricular (LV) dysfunction 
(syncope, angina, and dyspnoea) develop, survival is reduced 
to 2-3 years without surgical intervention (2,3). To date, 
no medicinal therapy has been proven to effectively modify 
the natural history of patients with AS (4). Aortic valve 
replacement (AVR) remains the only definitive therapy 
for such patients (5). Reports have suggested progressive 
restoration of the LV structure and restoration of systolic 
and diastolic function (6-9) post AVR and that a patient’s 
long-term survival is largely dependent on this progressive 
LV restoration (10). 

With the advancement of surgical and anaesthetic 

techniques, operative mortality in patients undergoing 
isolated AVR has significantly decreased; currently averaging 
3-5% (11). Some studies have shown that in-hospital 
mortality is as low as 0.5% post-AVR (12), suggesting 
a promising decrease in acute post-operative mortality. 
Diastolic heart function is a reliable prognostic indicator 
of post-operative mortality (13). The relationship between 
AVR, surgical recovery and diastolic function may have a 
high impact on short term post-operative mortality. Here we 
present the most relevant and current literature on post-AVR 
diastolic failure and its sequel on the outcome of post AVR 
population.

Patho-aetiology of aortic stenosis

AS can lead to an elevated peak transaortic flow velocity (above 
4 m/s), causing 70% of patients to require AVR within the 
next 2 years (11). The most common etiology of AS is senile 
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calcification of a normal tri-leaflet valve and then followed 
by prevalence of congenital bicuspid valve (14,15). However, 
the literature so far remains undefined on etiology (16).  
Historically, studies have reported that AS is an age-related 
degenerative process that leads to accumulation of calcium 
on the leaflets, causing narrowing of the valve orifice (16-18).  
However, recent reports have suggested that AS could 
be the result of active inflammatory processes that 
involves biochemical, humoral and genetic factors (19,20). 
Though, it had also been previously hypothesised that 
the pathogenesis of AS might be secondary to a process 
similar to atherosclerosis. This hypothesis was mainly based 
on documentation of (I) histological similarities between 
the lesion of aortic stenosis and atheromatous coronary 
artery disease; (II) association between atherosclerotic risk 
factors and (III) development of aortic stenosis. AS lesion 
histology demonstrated active inflammation involving 
lipid accumulations, inflammatory cell infiltration and 
calcification of the base and leaflets of the cusp (5,16-22). 
Low-density-lipoprotein cholesterol (LDL-cholesterol) and 
lipoprotein A infiltrates can undergo oxidative modifications 
within the valve. Similar to atherosclerotic lesions, these 
lipoproteins then stimulate the inflammatory cascade and 
mineralisation (18,19). 

The risk factors for AS are similar to the risk factors for 
atherosclerosis. As such, hypertension, dyslipidaemia, male 
gender, smoking, diabetes and chronic renal insufficiency 
(23,24) are extensively studied in this respect. It is suggested 
that treatment with hydroxymethylglutaryl-coenzyme A 
(HMG-CoA) reductase inhibitors, an effective treatment 
for atherosclerosis, may delay the progression of AS. One 
earlier non-randomised prospective trial demonstrated 
a significant reduction in rate of progression in patients 
treated with Rosuvastatin, a drug that reduces LDL 
cholesterol in the blood (18). However, the latest large 
scale randomised control trials (RCTs), the SEAA and 
the ASTRONOMER trial, reported that statins are not 
associated with a reduction in the progression of AS 
(17,25,26), despite a significant reduction of cholesterol 
levels and/or inflammatory markers (IL-6, C-reactive 
protein, soluble CD-40 ligand).

Recent studies have also suggested that the pathological 
expression of bone formation markers may play a role 
in the pathogenesis of AS. Specific markers of bone 
formation such as bone matrix proteins (e.g., osteopontin, 
osteocalcin, and bone sialoprotein) (27-30) and osteoblast 
transcription factor, Runx2 (27,31,32), have been found in 
human calcified aortic valves. Due to the valve calcification,  

16-MCT scans can have high diagnostic value for the 
diagnosis of AS (33). One study also reported mature 
bone lamellar tissue found in surgically excised valves (34). 
There is also some evidence from retrospective analysis 
suggesting the beneficial effect of bisphosphonates on 
disease progression (35), however we are unaware of any 
prospective RCTs that have been performed. Needless to 
say, the exact aetiology of aortic stenosis has so far eluded a 
definitive explanation or treatment, other than by surgical 
intervention.

Pathophysiology of LV dysfunction in arotic 
stenosis 

With disease progression the leaflet motion and the effective 
valve area becomes reduced due to valvular thickening and 
calcification along with increased rigidity and narrowing of 
the aortic orifice. The LV adapts to the increased systolic 
pressure required to maintain cardiac output (CO) through 
a hypertrophic process that involves the muscular and non-
muscular components of the LV (7). Microscopically, the 
increase in myocardial fibre size and diameter along with 
interstitial fibrosis of the LV are responsible for changes 
in systolic and diastolic functions (9,36). Macroscopically, 
hypertrophy causes a decrease in stroke volume (SV), 
compliance, and elasticity. Even low grade aortic stenosis 
leads to a clinically significant decrease of stroke volume in 
51% of patients (37). Systolic function of the LV, reflected 
by LV ejection fraction (LVEF), is maintained as long as 
the increased wall thickness is enough to counter the high 
intracavitary systolic pressure (38). This maintains a near 
normal LVEF, due to the proportionate decrease in SV/End 
Diastolic Volume (EDV), thus important in the diagnosis of 
LVDD. However, if the contractility of the LV is depressed 
or the hypertrophic processes are inadequate this leads to 
LV systolic dysfunction (36). On the other hand, optimal 
diastolic function of the LV is reliant on the compliance of 
the LV in diastole that allows the LV to fill from low LA 
pressure (39). The compensatory mechanisms described 
above occur in AS and lead to abnormally elevated end-
diastolic filling pressures. The increased pressure in diastole 
is most notably due to increased LV stiffness, impaired LV 
compliance, increased myocardial tone, and ventricular wall 
thickness (9,37-39).

Diastolic relaxation, defined as the myocardium 
returning to its length and tension before systole, is not 
a passive process, but is an active, energy-dependent 
process involving ATP hydrolysis with actin and myosin 
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cross-bridge release. Compliance is best described as a 
change in the volume of the heart over change in pressure  
(dV/dP), whereas stiffness is the reciprocal of compliance 
(dP/dV). As the atrium contracts in an effort to compensate 
for the lack of early diastolic filling, the LV filling pressures 
are increased above the normal. Since filling pressures are 
determined mainly by LV compliance and elasticity, when 
these are abnormal, the LV filling pressure then leads 
to diastolic dysfunction (36,39,40). Lund and associates 
confirmed that diastolic dysfunction starts at an earlier stage 
than the ejection fraction (EF) lowering for patients with 
aortic valve disease (41). When EF (systolic function) starts 
to decrease, it is probable that diastolic  dysfunction has 
now already quite advanced, characterized by elevated end 
diastolic pressure and diminished diastolic filling (40,42,43). 
This could imply the need for early referral, i.e., before 
onset of fall in EF. 

We now know that in the settings of AS, early phase of 
diastole is effected by four factors (I) the rate of relaxation; 
(II) elastic recoil of the ventricle; (III) chamber compliance; 
and (IV) left atrial pressure (44). The rate, elastic recoil, 
and chamber compliance, are all negatively affected by 
the features of a hypertrophic heart. The third phase of 
diastole is diastasis and is not heavily affected in DD. The 
fourth phase of diastole (A wave) is atrial contraction. This 
phase is dictated by the force of contraction of the atria 
and 20% of diastolic filling is attained here. In DD, the 
atrial contraction is increased to overcome the reduced 
compliance in the LV. As the fibrotic LV receives blood 
from atrial contraction, the pressure per volume raises 
above what it would in a normal heart. This creates the 
environment of a higher end diastolic pressure (44).

Diastolic filling abnormalities are classified by four 
grades: Grade 1, impaired relaxation; Grade 2, pseudo 
normalisation; Grade 3, reversible restrictive filling; and 
Grade 4, irreversible restrictive filling (44). A slower 
relaxation of the LV leads to a delayed opening of the mitral 
valve, yielding a prolonged 1st phase of diastole. This yields 
a reduced peak E velocity. Peak E is the measurement of 
the pressure gradient between the LA and LV (44). Atrial 
contraction then compensates for the reduced amount of 
blood in the LV creating an increase in the peak A velocity. 
E/A ratio in a patient with normal diastolic function are 
within the range at 0.75-1.5. However, as the DD increases 
in severity, the E/A ratio may decrease less than 0.75 and 
then increase back to normal. This is what is referred to as 
pseudo normalisation as mentioned previously (44). In the 
most severe cases of DD, the E/A ratio may increase above 

1.5. Propagation velocity (Vp) is a measure of the velocity 
of propagating flow within the ventricle and is calculated via 
Doppler as the slope of early trans-mitral wavefront (44).  
It is typically increased in diastolic dysfunction. These 
parameters may be used to aid in the diagnosis of abnormal 
diastolic function in AS.

Diagnosis of diastolic dysfunction in aortic 
stenosis 

There is some level of difficulty when it comes to diagnosing 
DD. There are many ways to measure the changes that 
occur during diastole, mainly due to the large amount of 
information available in Doppler Echocardiography (DE). 
As per the ESC and ACC/AHA guidelines for assessing 
LVEF, comprehensive DE is the single most clinically useful 
diagnostic tool (45). The diagnosis of DD is three-fold. It 
cannot be made without some evidence of congestive heart 
failure (46), normal ejection fraction (above 50%), and 
evidence of abnormal ventricular diastole.

Based on the ASE guidelines (47) Mahmood and 
coworkers (48) proposed an algorithm for routine approach 
to diagnose and assess DD. The authors addressed their 
proposed scheme within the framework of the guidelines 
and based on the diagnosis of a specific abnormality, i.e., 
impaired relaxation or decreased compliance; peak mitral 
annular velocities; indices of LV filling pattern corroborated 
with LA size.

The normal ranges of values for diagnosis of DD are not 
well established either (49). Kitzman et al. demonstrated 
that an important diagnostic characteristic of DD, as 
determined by echo, was the maintenance of a normal 
LV ejection fraction (LVEF) (50). The mean for those 
with DD was a LVEF of 60% as compared to 31% in 
those with systolic heart failure. This is accounted for by 
the hypertrophy of the heart proportionally lowering the 
volume of blood stored in the LV. This affects both variables 
of the EF, making it an important differentiation factor from 
systolic heart dysfunction. When LVDD is present, atrial 
contraction propels blood into the LV at increased velocity, 
accounting for increased A wave and decreased E/A ratio. 
This means that less blood is transferred into the heart 
during early diastole due to a decreased time for relaxation 
and decreased compliance. The A peak is then increased 
due to the compensation provided by atrial contraction 
late in diastole. One of the major limitations of Doppler 
echocardiography is in evaluating trans-mitral flow patterns. 
Great variation in Doppler measurements are seen as these 
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flow patterns are dependent on various factors including 
heart rate (51), preload, afterload (52), and LV systolic 
function (53). To overcome this issue, newer methods for 
diagnosis of LVDD, such as flow propagation velocity 
(Vp) via M-mode Doppler and Tissue Doppler imaging 
(TDI), have recently received more attention. There is 
evidence that Vp is less sensitive to variations in heart rate 
and preload (53), and the ratio of peak E velocity to Vp is 
a more reliable marker of the LA pressure. Thereby, Vp 
may serve as a more reliable, independent maker for LVDD 
and LV filling pressure (52). This has been supported in 
patients undergoing AVR, with one study showing Vp to be 
the superior echocardiographic marker for LVDD in terms 
of prognostic value and reliability. Tissue Doppler imaging 
(TDI), which measures the high intensity, low velocity 
echo seen in the myocardium, was recently developed. It is 
unique in its ability to obtain the velocity of diastolic wall 
motion (e') and its timing, which enables assessment of 
regional relaxation abnormalities and their global effect on 
ventricular relaxation and filling dynamics (42). In a study 
comparing E'/E values with conductance catheters, it was 
found that the elevation of pressure needed for diastolic 
filling can be directly related to an elevation in the speed of 
diastolic wall motion (E') (54). Parameters that have been 
shown to be highly associated with LV diastolic function 
and are widely used for the evaluation of LVDD include 
mean pulmonary wedge pressure (PWP) or mean left atrial 
pressure, LV end-diastolic pressure (LVEDP), time constant 
of LV relaxation, and LV passive-stiffness constant (42). 
This is of little use clinically due to the risks involved in 
direct cardiac catheterization of the left ventricle. 

Correlation between LV geometry and LV diastolic 
function 

Eccentric hypertrophy is a major contributing factor to DD. 
Hypertrophy is classified into two types, concentric and 
eccentric (54). In concentric hypertrophy, new sarcomeres 
are added in-parallel to already existing sarcomere, 
compensating for the pressure overload experienced by the 
myocardium (54). This is seen in subjects that participate 
in high-intensity strength training. On the other hand, 
eccentric hypertrophy is where volume overload results 
in ventricular dilation (54). Instead of new sarcomeres 
being added in parallel, as seen in concentric hypertrophy, 
they are added in-series to existing sarcomeres (54). 
Therefore pressure overload is associated with concentric 
hypertrophy, whereas volume overload is associated with 

eccentric hypertrophy (54). Impaired relaxation is seen 
in both concentric and eccentric hypertrophies (8), but 
chamber stiffness is seen to increase only in concentric LV 
hypertrophy (37). 

Patients with AS were found to have typical concentric 
LV hypertrophy (LVH) before AVR, and their LV mass 
index (LVMI)/LV end-diastolic volume index (LVEDVI) 
ratio were much higher than the control subjects without 
AS (54). Post-AVR, it was found that the LVMI/LVEDVI 
ratio and pressure overload decreased to values closer to 
the control subjects (55). In a past study, Kumpuris et al. 
described hypertrophy as the LV wall thickness increased 
in proportion to LV radius; LV systolic wall stress was 
preserved and thereby prevented permanent heart failure 
and dilation (56). In another study, it was determined that 
AS patients with a relatively lower LV wall thickness and 
eccentric hypertrophy resulted in systolic dysfunction and 
other symptoms associated with heart failure (56). However, 
factors such as the presence of supernormal EF and 
“disproportionally high” LV wall thickness were associated 
with a significantly high perioperative risk of morbidity and 
mortality in patients with AS before AVR (46,52).

Diastolic function and LV remodelling post AVR

Adaptive changes seen in patients with AS are the end 
products of increased trans-valvular gradient and afterload 
(36,40,41). Though it has been shown that AVR leads to 
immediate hemodynamic improvement (46), the regression 
of the LV structure, LV systolic and diastolic function have 
also been shown to continue for decades after AVR (8,9).

A recent study (57) from Cleveland group suggested that 
the preoperative symptoms were not suggestive of the degree 
of LV hypertrophy or diastolic dysfunction. The authors 
reported that the patients with severe LV hypertrophy  
(≥180 g/m2) had reduced long-term survival compared 
with the patients with a LVMI of less than 96 g/m2 at  
5 years (73% vs. 81%) and 10 years (45% vs. 56%), despite 
successful AVR. Patients with a severely enlarged left atrium 
(≥5.0-cm diameter) had substantially reduced long-term 
survival compared to patients with a diameter of less than 
3.55 cm at 5 (61% vs. 85%) and 10 (28% vs. 62%) years 
after AVR (P=0.006) (57). 

As previously described, LV hypertrophy in patients 
with AS is associated with increased muscle fibre diameter 
and interstitial fibrosis (35,36). Early after AVR, there 
is significant regression of LV hypertrophy (6-9), which 
is mainly due to the regression of muscular tissue while 
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the total amount of non-muscular tissue (fibrous tissue) 
of the LV remains unchanged (9). Parallel to the relative 
increase in fibrous content, a deterioration of LV diastolic 
function early after AVR (40) in the settings of LVDD 
is reported and even increased LV mass might not be 
effective in normalizing wall stress and maintaining LV 
function (7). The decrease in cardiac output might result 
in lower than expected transvalvular gradients, with either 
a preserved or decreased LV ejection fraction (LVEF) (8). 
This underestimation of AS leads to a late indication for 
AVR with a negative effect on the prognosis. Milano et al.,  
recent work demonstrated that in patients with severe AS, 
a reduced LV function and increased LV diameters were 
strongly related to the amount of myocardial fibrosis, 
which significantly affects long-term survival after AVR. 
Patients with a higher grade of myocardial fibrosis had a 
significantly lower freedom from cardiac death at 10 years 
with congestive heart failure (58). 

Villari and colleagues reported that the regression of LV 
interstitial fibrosis and reversal of LV diastolic function is 
in fact a two-step process-with relative increase early after 
AVR and a relative reduction in LV fibrous content after  
4 to 5 years (8,9). Post-AVR, it was found that patients with 
mild or moderate diastolic dysfunction benefited more than 
patients with a more advanced case (13). Evidence indicates 
that patients experience significant reduction in LV mass 
index (LVMI) and LVMI/LVEDVI (LV end-diastolic 
volume index) ratio, improvement in diastolic filling, and 
normal LV mass is achieved in up to two-thirds of the 
patients 10 years post-AVR (6-8,56). However, patients with 
aortic regurgitation (AR) that underwent AVR showed an 
increase in the LVMI/LVEDVI ratio and deterioration of 
diastolic filling, relative to patients with AS (56). On the 
other hand, reversal of diastolic function and reduction of 
the fibrous content of the LV appears to be a slow process 
and continue long after AVR.

Earlier studies indicate normalisation of LV diastolic 
function does occurs in the long-term (52), however,  
a later study suggests otherwise (8). Gjertsson et al. showed 
evidence that despite a decrease in LVMI, development of 
moderate to severe diastolic dysfunction persisted 10 years 
post-AVR (8).

In patients undergoing AVR, the exposure of the heart 
to ischemia and reperfusion (IR) and subsequent events 
(e.g., high cytosolic Ca2+, low ATP concentrations, and 
free radical generation) (59), may lead to post-operative 
systoic dysfunction but could include worsening of impaired 
diastolic function. If LV dysfunction is severe, these patients 

may experience difficulties in weaning from cardiopulmonary 
bypass (CBP), thus requiring positive inotropic drugs 
(PIDs) and mechanical circulatory support such as  
intra-aortic balloon pump (60). This ‘myocardial-stunning 
phenomenon’ is usually transient, but it may lead to 
post-operative complications and death (61). In patients 
undergoing cardiac surgery, postoperative LV dysfunction 
has long been identified as a major cause of mortality (62). In 
isolated AVR, postoperative LV dysfunction has been shown 
to be associated with an almost fivefold increase in mortality, 
and subsequently prolonged ICU stay, and increased 
morbidity in these patients (63). Grunenfelder et al., reported 
patients that underwent AVR and coronary artery bypass saw 
a regression in the LV mass to a lesser extent than patients 
with AVR alone. The study reported that ejection fraction 
did not improve, which suggests CAD negatively impacted 
myocardial recovery postoperatively (64). Even with 
normalisation of LV mass and EF, diastolic dysfunction still 
was evident during exercise and seemed to persist for several 
years post-AVR (55).

Management of LV dysfunction post AVR

Weaning from CPB after cardiac surgery is generally guided 
by hemodynamic measurements and trans-oesophageal 
echocardiographic (TOE) assessment. There is a lack of 
generally accepted criteria of defining post-operative LV 
dysfunction. From the studies analysed in this review, the 
diagnostic criteria for post-CPB LV dysfunction is largely 
based on the need of inotropic support (dobutamine, 
epinephrine, norepinephrine and milrinone) in the presence 
of low MAP (<60 mmHg) and with persistent, new or 
worsening LV functional impairment (assessed by TOE) (65).

Classically, patients who developed LV dysfunction after 
cardiac surgery are treated with a combination of inotropic 
agents such as dobutamine, epinephrine, norepinephrine, 
dopamine, and phosphodiesterase III inhibitors (PD III 
inhibitors, e.g., milrinone, and enoximone) (66), and/or 
with the use of an intra-aortic balloon pump (IABP) (67).

Today, reported studies have determined that the IABP 
has a well-established role in the management of LV 
dysfunction after cardiac surgery (67). There is clear evidence 
that IABP improves cardiac index (CI) irrespective of timing 
of intervention, while earlier intervention is associated 
with superior outcome (67). These beneficial effects are 
achieved through augmentation of diastolic pressure, thereby 
increasing coronary perfusion; and reduction of ventricular 
afterload, that increases stroke volume and cardiac output. 
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The rate of major complications in IABP is low. Previously, 
data from the 2001 Benchmark Registry reported that the 
rate of major complications from IABP was 2.6% (7,61). We 
also reported from our recent study that complications were 
at lower rate of approximately 1% (58).

Most inotropic agents achieve their positive inotropic 
effect via increasing myocardial concentration of cAMP, 
thereby up-regulating the activity of protein kinase A (PKA) 
and in turn increasing the concentration of Ca2+ in cardiac 
myocytes (68). Although the inotropic agents appear to 
improve clinical symptoms and hemodynamic they are 
associated with adverse reactions such as arrhythmias, cell 
death, and increased long-term mortality (69). Newer 
agents such as levosimendan, a pyridazinone-dinitrite 
calcium sensitizer, have recently received more interest due 
to the lack of adverse effects associated with other inotropic 
agents. Levosimendan increases cardiac contractility without 
increasing myocardial oxygen demand through mechanisms 
different to classic inotropic agents (68). Studies have shown 
that levosimendan improves CI, irrespective of timing of 
intervention in cardiac surgery patients with LV dysfunction 
and low cardiac output syndrome (LCOS) (68,69). We 
previously suggested that both levosimendan and IABP 
improve cardiac function in cardiac surgery patients 
with LCOS, but more data is needed to clarify whether 
levosimendan or the IABP is superior in terms of morbidity, 
mortality, cardiac function, or cost-benefit (61).

Predictors of postoperative LV dysfunction

Several independent risk factors have been identified as 
significant predictors of post-operative LV dysfunction 
in patients undergoing AVR. These can generally be 
separated into two broad categories i.e. preoperative, and 
perioperative factors. The preoperative factors include; 
hypertension, LV systolic dysfunction, LV diastolic 
dysfunction (LVDD), previous history of heart failure and 
recent myocardial infarction (MI). The perioperative factors 
include; patient-prosthesis mismatches (PPM), aortic 
cross clamp time and intraoperative MI (66). In contrast 
to coronary artery bypass surgery it was reported by a 
recent study that there is slightly less association between 
preoperative and perioperative ischemia and postoperative 
LV dysfunction in patients undergoing AVR (62).

A large number of studies have focused on prosthesis 
type, prosthesis size and clinical outcome. Currently, 
evidence suggests that mild to moderate mismatch between 
patient body surface area and the prosthesis is a significant 

predictor for postoperative hemodynamics, and regression 
of LV mass (70). However, there is still conflicting data 
on its impact on patient outcome and survival. Several 
studies further suggest that patient factors, such as age, 
hypertension and LV systolic function are more significant 
determinants of LV dysfunction than mild to moderate 
PPM (70-73). Markers of systolic dysfunction, such as 
decreased LVEF, have been extensively studied to help 
guide the use of inotropic support during pre- and post-
AVR. The information gained has been incorporated 
in scoring algorithms for predicting perioperative risk 
(72,73). Interestingly, LVDD may coexist and even 
precede LV systolic dysfunction (68,69). It is suggested 
that deterioration of LV compliance and relaxation in 
LVDD, with preservation of systolic function, as evidenced 
by prolonged relaxation and increased ventricular wall 
stiffness, are seen in almost 90% of patients with AS (74). 
It is also reported that LVDD can precede the LV systolic 
dysfunction in patients with AS, thus deducing that LVDD 
may be an early marker for the detection of abnormal LV 
function in these patients (59-61).

Post-AVR acute diastolic dysfunction

As previously described, the hypertrophy, increased 
fibrosis, and decreased elasticity of the LV leads to an 
interesting result immediately after a successful AVR. The 
myocardium, which was been compensated for the stenotic 
valve, had lower elasticity (due to fibrosis and myocyte 
hypertrophy) and an increased LV wall thickness, but less 
need for high LV pressures. With time we see long-term 
regression of the fibrosis, but in the short term we see a 
relative increase in interstitial fibrosis as compared to the 
decrease in hypertrophic myocytes (15). This, along with 
the myocardial stunning that accompanies cardiac surgery, 
increases the likelihood of short-term complications from 
diastolic dysfunction (DD) than that of an AS patient by 
accentuating the decreased elasticity of the heart. The 
acute loss of myocytes due to stunning as well as the 
thinning of the ventricular wall leads to a decrease in LV 
relaxation time. Decreased relaxation time in the setting 
of reduced elasticity and increased fibrosis could lead to 
acute DD that is difficult to manage. It is important to 
mention here that atrial fibrillation in such acute DD, 
further worsens this situation and increases postoperative 
mortality (41,71,75-77).

The negative impact of cross-clamp period and the 
cardiopulmonary bypass pump circuit post-AVR may 
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significantly affect the diastolic function as well, especially 
in patients with more severe diastolic dysfunction 
preoperatively. Grade 3 (reversible) DD may be converted 
to Grade 4 (irreversible) DD after the AVR procedure in 
these susceptible patients (Figure 1). Immediately post-AVR 
with rapid decline in afterload compared to preop, LVEDV 
may become as close to being emptied in a hyperdynamic 
hypertrophic LV. The LV now depends much more 
on diastolic filling in order to keep up with low blood 
pressure and CO. However, in these severely DD patients, 
the relative LV fibrotic tissue as compared to functional 
myocardium layer may be increased due to damage from 
the cardiopulmonary bypass effect, especially involving the 
susceptible marginal zone, which in turn causes ineffective 
diastolic filling. Added fluid to these patients may cause 
an increase in passive pulmonary hypertension (most of 
these patients already have some components of pulmonary 
hypertension) which may interdependently shifts the 
interventricular septum into the LV, and further decreases 
the output from the right heart to the left heart to fill the 
emptied LV. Pharmacologic vasoactive drugs are used to 
help the BP in ICU, but their effects can be detrimental by 
causing the already thick, stiff ventricle more impaired in 
relaxation and less compliant. Therefore, management of 
immediate postop-AVR for severe DD patients shall be very 
challenging with worsened prognosis (Figure 2).

Progression of diastolic dysfunction to heart 
failure

Heart failure still remains to be a common cause of 
cardiovascular disease; they are seen in patients that 
have a normal or abnormal left ventricular ejection 
fraction (LVEF). However, heart failure (HF) patients 
with a normal LVEF differ substantially than HF 
patients with an abnormal LVEF in many ways, such as 
demographics, ventricular functioning and remodeling, 
and  pathophys io log ica l  mechanisms  (71-74 ,78) .  
Patients with abnormal ventricular relaxation may be due to 
factors such as pressure overload and/or ischemia, thereby 
leading to impairment in relaxation during exertion (78). 
Patients in this initial stage of diastolic dysfunction may 
remain asymptomatic for many years. However, as the 
disease progresses, LV filling pressures and pulmonary 
pressure during exercise are elevated. With further 
progression, hypertrophy and MI results in increased 
myocardial stiffness, leading to elevated left atrial pressure 
and size, atrial fibrillation, decreased cardiac output (CO), 

reduced exercise tolerance, and signs of congestive heart 
failure (CHF) (78).

Since diastole is the period of the cardiac cycle where 
myocardium relaxes and lengthens in order to return to its 
unstressed length and force, DD may develop due to failure 
of the myocardium to relax or prolongation of myocardial 
contraction (79). Zile et al. defines diastolic heart failure as 
symptoms and signs of heart failure, with a preserved EF 
and abnormal diastolic dysfunction. Diastolic abnormalities 
may be caused by ventricular relaxation impairment and/or 
increased myocardial ventricular wall stiffness (79). 

Best evidence so far

Here, we have also systemically analysed the current body of 
evidence on the predictive value of preoperative LV diastolic 
dysfunction on likelihood of left ventricle dysfunction after 
AVR. Medline 1966-Aug 2012 using the OVID interface 
[exp Cardiac surgical Procedures/OR open heart surgery.mp 
OR OR cardiac surgery.mp OR CABG.mp OR] AND [exp 
dystolic dysfunction/OR congestive heart failure.mp OR 
noncompliant left ventricle] AND Maximally sensitive RCT 
filter LIMIT to Human studies. The above search was then 
repeated in the Cochrane Central Register of Controlled 
Trials. Twenty seven papers were found from Medline and 
7 papers were found in the Cochrane Central Register of 
Controlled Trials and were selected as providing the best 
evidence. Of note if two papers were found investigating 
the same combination of treatment, only the best paper was 
included. These papers are presented in Table 1.

Conclusions

In summary, abnormal diastolic filling patterns are 
frequently observed during AVR. They are more common 
in patients with altered LV function. Diastolic dysfunction 
presents before CPB can be associated with an increased 
risk of postoperative complications and vasoactive 
support in the postoperative ICU settings. The data 
review presented here supports the view that evaluation 
of diastolic function should be routinely part of the 
echocardiographic assessment of patients undergoing AVR. 
The review provides evidence that diastolic dysfunction, as 
defined by Vp <40 cm/s, in addition to advanced age and 
prolonged ischemic time, identifies patients at risk of LV 
dysfunction after valvular aortic surgery. Clinicians should 
anticipate a greater impact of perioperative transesophageal 
echocardiograms when weaning from bypass in treating any 
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Figure 2 The scheme depicts management of immediate postop-AVR for severe DD patients can be very challenging with worsened 
prognosis. Added fluid to these patients may cause an increase in passive pulmonary hypertension (most of these patients already have some 
components of pulmonary hypertension) which may interdependently shifts the interventricular septum into the LV, and further decreases 
the output from the right heart to the left heart to fill the emptied LV. Pharmacologic vasoactive drugs are used to help the BP in ICU, but 
there effects can be detrimental by causing the already thick, stiff ventricle more impaired in relaxation and less compliant.

A B

Figure 1 Diastolic dysfunction (DD) gets significantly affected by the negative impact of cross-clamp period and the cardiopulmonary 
bypass pump circuit post-AVR. This is true especially in patients with more severe diastolic dysfunction preoperatively. Grade 3 DD may 
be converted to Grade 4 DD after the AVR procedure in these susceptible patients as shown in the schematic diagram. With rapid decline 
in afterload compared to preop, left ventricular (LV) end diastolic volume may become as close to being emptied in a hyperdynamic 
hypertrophic LV. Such LV now depends much more on diastolic filling in order to keep up with low blood pressure and cardiac output 
especially involving the susceptible marginal zone, which in turn causes ineffective diastolic filling.
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syatolic dysfunction with inotropes or IABP and in ICU 
to identify high-risk cardiac patients while improving fluid 
and inotropic/lusitropic drug treatments. The association 
of preoperative diastolic dysfunction with adverse cardiac 
outcome begs the question as to whether trials of specific 
perioperative strategies to improve LV relaxation and filling 
patterns should be considered in patients undergoing AVR. 
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