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DIASTOLIC DYSFUNCTION 
 

INTRODUCTION 

 

Diastolic dysfunction (DD) is described as an impairment of left ventricular filling, relaxation or 

compliance regardless of ejection fraction, whereas diastolic failure, or the preferred term, heart 

failure with preserved ejection fraction (HFPEF) refers to a syndrome characterised by heart 

failure signs and symptoms, echocardiographic features of diastolic dysfunction, and a normal 

ejection fraction (7).  

Heart failure is a clinical manifestation resulting from poor tissue perfusion and increased 

extravascular water. Both systolic and diastolic components of cardiac function need to be 

accounted for, and as such heart failure may occur in patients with either a normal or abnormal 

left ventricular ejection fraction. Furthermore, systolic and diastolic dysfunctions are not mutually 

exclusive as most patients with systolic dysfunction have a degree of diastolic dysfunction too. 

(10, 11)  

The incidence of DD has been steadily increasing over the past few decades, a fact that has 

largely been attributed to the increasing age of the general population, with abnormal diastolic 

function having been shown in greater than 50% of patients presenting for cardiac or high risk 

non-cardiac surgery. This needs to be considered in the light of the fact that DD has also been 

shown to be an independent predictor of a poor post-operative outcome in both cardiac (12) and 

non-cardiac surgery (2).  

 

EPIDEMIOLOGY 

 

The prevalence of DD in the general population internationally has been quoted to be as high as 

27.3% (7), with a predicted growth of 25% by 2030 in developed nations (11). While South African 

data is unavailable, the local burden of poorly controlled hypertension and diabetes, as well as 

the contribution of diseases like HIV suggest that the potential occurrence of DD here may be 

even higher. Untreated, up to 12.2% of patients with DD will progress to overt HFPEF, with 

HFPEF prevalence rates being quoted at between 1.1 and 5.5% depending on the diagnostic 

criteria used (7, 13). 

Risk factors associated with the development of DD include female, older age, black race and 

metabolic syndrome patients. The most common aetiologies by far are hypertension and 

diabetes, with hypertension being present in up to 60% of HFPEF, and consistently featuring as 

the single most important predictor across numerous epidemiologic studies (13, 14). Further 

aetiologies are listed in Table 1. 
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PHYSIOLOGY OF DIASTOLE 

 

To understand DD, a clear understanding of the physiology of diastole is required. Diastole can 

be defined in both physiological and clinical terms. Clinically diastole only begins with the opening 

of the mitral valve. Physiologically however it begins during the latter part of systole (isovolumic 

relaxation) with multiple energy dependant processes, where on a cellular level adenosine 

triphosphate (ATP) is hydrolysed unlinking the actin and myosin cross-linkages, followed by a 

decrease in sarcoplasmic calcium concentrations and its separation from troponin. Factors that 

impair calcium removal slow actin and myosin detachment and consequently slow ventricular 

relaxation. The predominant method of calcium removal is via active uptake into the sarcoplasmic 

reticulum (70%), whereas the sodium-calcium exchanger (28%) and uptake into the mitochondria 

(2%) account for the rest. Impairment of any of these processes can result in subsequent 

impairment of diastolic function. (2, 7, 10) 

Using the physiological approach diastole has classically been divided into 4 phases: 

1) Isovolumic relaxation 

 This occurs between aortic valve closure and mitral valve opening. There is a rapid drop-off 

in left ventricular pressure, while the left ventricular (LV) volume remains unchanged. While 

this process is partially dependant on the elastic recoil of compressed myocardial fibres, 

isovolumic relaxation is largely an active process dependent upon energy requiring ion 

channels. 

Table 1: Aetiologies of Diastolic Dysfunction(7) 
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2) Rapid LV filling 

 This part of diastole is characterised by the swift inflow of blood into the left ventricle along 

the pressure gradient between the left atrium (LA) and LV. Flow rapidly slows as the 

pressure between the LA and LV equalises. This phase is dependant both on the suction 

created by the active relaxation of LV fibres, as well as the compliance of the LV. 

 

3) Diastasis 

 This phase is where there is no longer a significant gradient between LA and LV pressures. 

Filling of the LV occurs passively as blood continues to flow in through the LA from the 

pulmonary veins. Filling of the LV in this phase is limited by LV compliance. 

 

4) Atrial systole 

 This last phase is characterised by contraction of the atrium and ends with closure of the 

mitral valve. This phase is dependent on LV compliance, atrial contractility, atrial-ventricular 

synchrony and pericardial resistance. Atrial contraction contributes to almost 30% of LV 

filling. 

 

 

 

 
 

 

 

 

 

  

Illustration of the differences between the clinical and 

physiological understanding of diastole. (5) 
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PATHOPHYSIOLOGY 

 

Myocardial Relaxation 

 

Slow ventricular relaxation has been demonstrated in patients with diastolic dysfunction. The 

impact of this may become more pronounced when faster heart rates or increased vascular 

loading cause the delay to become a more prominent contributor to raised ventricular pressures. 

Potential causes for the delay in relaxation include the reduction in the expression and regulation 

of proteins involved in calcium cycling, depression of beta adrenergic signalling and decreased 

passive recoil of elastic elements, notably the third myofilament of cardiac muscle, titin (1). 

 

Myocardial Stiffening 

 

Cardiac remodelling in DD is characterised by myocardial hypertrophy, concentric LV thickening 

and changes in the intracellular matrix due to advanced age, pressure overload or the metabolic 

syndrome amongst other causes. Enhanced myocardial fibrosis is associated with DD and 

HFPEF, with an increase in both type 1 and 3 collagen expression and reduced collagenase and 

matrix metalloproteinase-1. Further contributors to fibrosis and stiffening include advanced 

glycation end-products and neurohumeral stimulation via the renin-angiotensin-aldosterone 

(RAAS) pathway. A further potential mechanism is the infiltration of myocardial tissue by amyloid 

proteins such as transthyretin. (1, 7) 

 

Inflammation Hypothesis 

 

Markers of inflammatory cells have been found in HFPEF tissue and are presumed to play an 

important role in the pathogenesis of the disease. This has resulted in a re-evaluation of the 

pathogenesis of HFPEF in terms of the pro-inflammatory state created by various other 

comorbidities. In this new paradigm, HFPEF is suggested to occur in the following sequence: 

1) An initial high prevalence of pro-inflammatory comorbidities such as hypertension, diabetes, 

COPD and obesity are present in the patient. 

2) This pro-inflammatory state results in coronary microvasculature endothelial inflammation. 

3) This in turn reduces nitric oxide (NO) bioavailability, cGMP content and protein kinase 

activity in adjacent cardiac myocytes. 

4) Low protein kinase activity favours myocyte hypertrophy, and stiffening of the myocardial 

tissue due to hypophosphorylation of the titin fibres 

5) This all ultimately results in stiff, fibrotic myocytes  and the subsequent development of 

diastolic dysfunction and heart failure.(14) 
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SYSTOLIC VERSUS DIASTOLIC FAILURE 

 

Rather than discrete entities, systolic and diastolic dysfunction are now considered more 

commonly to co-exist in the same patients. Decreased contractility has been demonstrated at a 

myocardial level in diastolic failure patients, and as previously stated, DD is known to exist in a 

large proportion of systolic failure cases where it is well recognised to be a prognostic marker of 

mortality. A single-syndrome hypothesis of heart failure is now being widely accepted with 

diastolic and systolic failure occurring at opposite ends of the same spectrum. Unfortunately the 

implication of this is that a “grey zone” is created around an EF of 45-55% as these patients may 

be classified as either HFPEF or heart failure with a reduced ejection fraction (HFREF). (6) 

Contribution of extra-cardiac pathologies to HFPEF (1) 
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The primary differences between the two types of heart failure are contractile dysfunction and the 
type of left ventricular remodelling that occurs. In systolic failure eccentric hypertrophy and 
ventricular dilation occurs, while in diastolic failure concentric hypertrophy or remodelling without 
dilation predominates. 
 
 

 

 

 

 

In terms of their pathogenesis, myocardial hypertrophy, myocardial cell loss and extracellular 
matrix remodelling predominate in systolic failure while myocardial hypertrophy and extensive 
fibrosis predominate in diastolic failure. This suggests a difference in their aetiologies as 
myocardial hypertrophy is usually in response to mechanical stimulation while fibrosis is often a 
response to humoral factors such as cytokines, growth factors and hormones (notably angiotensin 
II and endothelin). (6) 

Single syndrome hypothesis of  Heart Failure (6) 

Comparison of pressure-volume loops of Diastolic failure 

(left) and Systolic failure (right)(3) 
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B-type naturetic peptide (BNP) has been demonstrated to be lower in patients with diastolic failure 

than with systolic failure, however concomitant to this is the worse prognosis that diastolic failure 

patients exhibit for the same level of BNP than their systolic failure counterparts.  

 

DIAGNOSIS 

 

DD presents a diagnostic difficulty with a precise diagnosis requiring invasive measurement of 

left ventricular end diastolic volume, compliance and relaxation properties. Currently no single 

non-invasive method adequately assesses left ventricular diastolic function. The current gold-

standard for diagnosis is cardiac catheterisation to determine pressure-volume loops of the left 

ventricle, from which pressure decay rates may be inferred (15). 

The criteria used to diagnose HFPEF have evolved over the years as the understanding of the 

disease has changed. The initial approach by the American Heart Association (AHA) in the early 

1990’s was to require signs and symptoms of heart failure, an objective measurement of exercise 

intolerance, a left ventricular ejection fraction (LVEF) >45%, as well as evidence of abnormal LV 

relaxation, filling, diastolic distensibilty or diastolic stiffness. Further additional criteria involving 

indices of atrial enlargement, diastolic dysfunction and myocardial hypertrophy have been added 

then subsequently removed over the years. The current European Society of Cardiology (ESC) 

guideline still requires evidence of abnormal LV filling, relaxation, diastolic distensibility or diastolic 

stiffness for diagnosis, however evidence of diastolic abnormalities are no longer a criterion for 

the AHA. The current American guidelines emphasise the presence of signs and symptoms of 

heart failure with a preserved LVEF and no valve abnormalities on transthoracic 

echocardiography as the basis for the diagnosis of HFPEF. (1) 

Table 2: Comparison of Systolic and Diastolic heart failure(6) 
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Echocardiography 

 

Trans-thoracic Doppler echocardiography is generally the most common method used to 

determine DD, and it is the current recommended technique of choice in AHA guidelines for 

diagnosing DD. Trans-thoracic echo can be used to determine left atrial (LA) size as well as left 

ventricular hypertrophy and ejection fraction. Increased LA size is commonly seen in patients with 

more advanced DD and reflects increased filling pressures. A LA volume of greater than >34 

mL/m2  is an independent predictor of death, heart failure, atrial fibrillation and ischaemic 

stroke(7). 

Doppler measurements commonly utilised in assessing diastolic dysfunction include the mitral 

annular velocity (e′), early (E) and late (A) diastolic flow across the mitral valve, as well as the E/A 

and E/e’ ratios.  

 

Table 3: Difference between HF-PEF Diagnosis between ESC and AHA guidelines(9) 
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The measurement of e’ via tissue doppler imaging corresponds closely to the invasive 

measurement, tau (the time constant of the isovolumic pressure decline), which in turn correlates 

to diastolic relaxation. As this is the initial abnormality in the pathogenesis of DD, e’ is one of the 

first measurements (occurring before a change in the E/A ratio) to indicate dysfunction. 

Furthermore as opposed to the E/A ratio, e’ is reduced in all stages of DD, as well as being 

unaffected by the patient’s haemodynamic status (6, 7). A more commonly utilised measurement 

is the E/e’ ratio. An E/e’ ratio greater than 8 has been shown to correlate closely with raised left 

ventricular filling pressures (16). 

Grading 

 

The E/A ratio in turn can be used to determine the grading of DD (E reflects the early, and A the 

late ventricular filling velocities measured on Doppler echocardiography.): 

Grade 1 

Early on in the disease, relaxation is impaired first and as such the relative contribution of atrial 

contraction is greater. This results in reversal of the E/A ratio (<1) as early diastolic mitral flow 

velocity is decreased (E) with a relative increase in the contribution of late diastolic filling (A). This 

is termed Grade 1 DD and is defined as impaired relaxation without or with only mild evidence of 

Doppler techniques in assessing DD (8) 
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raised filling pressures. e’ is less than 8cm/s and E/e’ is < 8 indicating a normal filling pressure at 

this stage. Often the diastolic dysfunction of these patients is only unmasked during periods of 

stress. (15) 

Grade 2 

As the disease progresses LA pressures increase causing a “pseudonormal” DD with 

normalisation of the E/A ratio (due to the increased early inflow, E). Grade 2 DD is defined as 

impaired relaxation with moderately elevated filling pressures or “pseudonormal” filling. This 

“pseudonormal” filling can be unmasked by a Valsalva maneuver which causes a drop in the E/A 

ratio of greater than 50%. E/e’ is increased, and e’ is still less than 8cm/s. (15) 

Grade 3/4 

As the restrictive component of DD progresses, LV pressures become so elevated that filling 

occurs only during the initial part of diastole (an E/A >1.5). The marked restrictive deficit is either 

classed as reversible (Grade 3) or fixed (Grade 4). The average E/e’ is >13 in restricted patients 

(7, 11, 15). An E/A ratio >1.5 can also be seen in very fit individuals such as professional athletes. 

Clinically however these patients are difficult to confuse with Grade 3/4 heart failure patients. 

 

 

 

An Approach to the Diagnosis of Diastolic Dysfunction (2) 
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MANAGEMENT 

 

General management 

 

As the aetiologies of DD are diverse incorporating comorbidities such as hypertension, diabetes, 

metabolic syndrome, hyperlipidaemia and coronary artery disease, the approach to the 

prevention of diastolic dysfunction largely consists of the management of these comorbidities 

(11). 

Of these, treatment of hypertension remains one of the main tenets of management. Lowering 

the blood pressure will lower LA and LV end diastolic pressures, decrease LV hypertrophy and 

improve relaxation (13). It has also been shown in trials to improve functional ability in DD (17). 

No definite guidelines for reducing the blood pressure in DD have been produced by the AHA, 

however they currently suggest targets of systolic pressures less than 130mmHg and diastolic 

pressures less than 80mmHg potentially utilising multiple agents with multiple mechanisms of 

Table 5: Stages of Diastolic Dysfunction on Doppler echocardiography. (4) 
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action (14). Angiotensin converting enzyme inhibitors (ACEi), angiotensin receptor blockers 

(ARB) and aldosterone antagonists have the added potential benefit of protecting against an 

exaggerated fibrous response in the myocardial tissue (13).  

 

ACEi address the potential role of Angiotensin II in the development of impaired LV relaxation, 

LV hypertrophy (LVH) and LV fibrosis. This theoretical benefit has not however been shown to 

translate into a significant clinical benefit. This has been complicated by the relative lack of large, 

well-designed studies directly addressing this topic despite a wealth of evidence on the benefit of 

ACEi in HFREV (SOLVD and ATLAS trials). The largest trial to date, PEP-CHF (Perindopril in 

elderly people with heart failure), showed an increase in exercise capacity and an alleviation of 

symptoms, however failed in its primary endpoint to demonstrate a mortality benefit of ACEi in 

HFPEF. (6, 18) 

 

Several trials have looked at the use of ARBs in HFPEF. Two large prominent studies, I-

PRESERVE (Irbesartan in heart failure with preserved ejection fraction)(19), and CHARM-

Preserve (Candesartan in heart failure – assessment of reduction in mortality and morbidity)(20) 

both failed to show a significant mortality benefit of ARB agents in HFPEF, however both did 

demonstrate a decrease in hospital admissions with their use (14). In the LIFE study (Losartan 

intervention for end-point reduction in hypertension study), regression of LVH after one year of 

treatment coincided with improvement of various diastolic filling parameters. It also demonstrated 

the superiority of Losartan to B-blockade in decreasing both LVH and the composite end point of 

cardiovascular death, myocardial infarction or stroke. (13, 21) 

 

 B blockers have been shown to improve diastolic function as well as induce LVH regression in 

some studies, however the quality of evidence is poor with the majority of studies using mixed 

data from heart failure with reduced ejection fraction (HFREF) and HFPEF populations. Large 

trials such as the OPTIMIZE-HF (Organized Program to Initiate Lifesaving Treatment in 

Hospitalized Patients with Heart Failure) trial and SENIORS (Study of Effects of Nebivolol 

Intervention on Outcomes and Rehospitalization in Seniors With Heart Failure) have failed to 

demonstrate any significant benefit for B blockade (14, 22, 23). 

 

Aldosterone antagonists are currently not part of the recommended AHA treatment protocol as 

evidence to support their use is lacking. A large recently concluded trial, the TOPCAT (Treatment 

of Preserved Cardiac Function with an Aldosterone Antagonist) trial, unfortunately failed to prove 

any benefit in decreasing cardiovascular mortality,  cardiac arrest, or hospitalisation when used 

in the management of HFPEF (1, 14, 24).  

 

The failure of many potential therapies acting on the renin angiotensin aldosterone system 

(RAAS) and sympathetic systems (B blockade) may suggest a need to re-evaluate our 

understanding of the pathways involved in the pathogenesis of DD. It is increasingly being 

proposed that rather than individual targets, DD should be seen as a systemic disease and 

treatments that include multiple targets may prove most effective. (1) 

 

Diabetes has also been implicated as a major aetiological factor in the development of DD, 

although evidence for treatment is based largely on small trials demonstrating an association of  

poor glycaemic control to the development of heart failure (11). 
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Haemodynamic targets 

 

Tachycardia is not well tolerated in DD due to the decreased filling time that ensues. Diastole 

accounts for roughly 70% of the cardiac cycle at 60bpm, while this is reduced to around only 40% 

at 180bpm. This is accentuated in patients with HFPEF, where impaired relaxation and 

tachycardia considerably raises ventricular pressure. To compound this, hearts with diastolic 

dysfunction can no longer respond to increased pressure via the Frank-starling mechanism. 

(13)The increased ventricular pressure does not result in an increased ventricular volume, and 

consequently cardiac output does not increase. Rhythm control is also paramount. Atrial 

fibrillation (AF) is present in up to 41% of patients with HFPEF (13), and with the loss of atrio-

ventricular synchrony is the loss of the contribution of atrial contraction to late diastolic filling (a 

significant portion). 

Current recommendations by the AHA include calcium channel blockers (CCB) and β blockers 

for rate (as well as often rhythm) control. Unfortunately, as mentioned previously, the evidence 

for β blockade is conflicting with not all studies demonstrating a clear benefit in HFPEF. (11) 

Diuretics and preload reduction remain recommended approaches for patients with venous 

congestion in HFPEF as in HFREF. The pressure volume relationships in the ventricles of these 

two subtypes of heart failure are however very different. Even a small reduction of LV filling 

pressure may result in a marked reduction in LV diastolic volume and a significant decrease in 

cardiac output. The dose of diuretics used in HFPEF patients is therefore markedly reduced 

compared to their HFREF counterparts. The role of Spirinolactone, with its potential benefits on 

LV structure has been previously discussed.(13) 

Improved oxygen supply to the myocardium results in better LV relaxation, reduced LVEDP and 

reduced risk of arrhythmias. Strategies to improve oxygen supply-demand imbalance include the 

use of drugs which decrease myocardial demand (β blockers, CCB), as well as revascularisation 

if required.(13) 

 

Specific therapies 

Statins 

 

Statins may exert many potential effects on LVH and fibrosis. In addition to this they exhibit many 

pleomorphic anti-inflammatory effects which may play a role in inhibiting the progression of DD. 

A single small study with a 5 year follow-up demonstrated a significant survival benefit after 

adjusting for confounders, and although no large scale studies have been completed to date, 

early retrospective evidence is encouraging. (1, 13, 25) 

 

Phosphodiesterase inhibitors 
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Phosphodiesterase 5 inhibitors (PDE 5) appeared promising in the treatment of HFPEF. 

Proposed benefits included attenuating adrenergic stimulation, reducing remodelling, improving 

endothelial function and reducing pulmonary vascular resistance (6). Unfortunately the large 

multi-centre RELAX trial (Phosphodiesterase-5 Inhibition to Improve Clinical Status and Exercise  

Capacity in Diastolic Heart Failure) failed to demonstrate any clinical benefit. (11, 13, 26) 

 

Neprilysin Inhibitors 

 

Neprilysin is a zinc-dependant metalloprotease which is responsible for the metabolism of 

naturetic peptides including atrial naturetic peptide (ANP), brain naturetic peptide (BNP) and C-

type naturetic peptide (CNP). Current theories propose that DD is accompanied by an impaired 

response to BNP. BNP can improve ventricular relaxation, reduce hypertrophy, and aid in diuresis 

and naturesis. Neprilysin inhibitors (LCZ696) increase the concentration and subsequently effect 

of endogenous BNP, and consequently may result in improved cardiac function. A large 

multicentre study, PARADIGM-HF (Efficacy and Safety of LCZ696 Compared to Enalapril on 

Morbidity and Mortality in Patients With Chronic Heart Failure and Reduced Ejection Fraction) 

comparing ACEi to Neprilysin (LCZ696) is currently underway, encouraged by the results of 

earlier pilot studies.(1, 11, 13) 

 

PERIOPERATIVE MANAGEMENT 

 

Both DD and HFPEF are known to be associated with an increased morbidity and mortality in 

patients undergoing both cardiac and non-cardiac surgery. Often less than optimal investigations 

may be available, and consequently there should be a high index of suspicion for DD in patients 

with known risk factors. HFPEF should be suspected in patients with signs or symptoms of heart 

failure and in the presence of a normal or raised EF.   

 

It is important in the perioperative management of HFPEF patients to try and distinguish between 

patients in early diastolic failure (Grade 1 and 2) where the primary defect is impaired relaxation, 

and patients in the later stages of failure (Grade 3 and 4) where the defect is primarily reduced 

compliance. 

 

In Grade 1 and 2 patients are preload dependant, require long periods of diastole, and are largely 

dependent on the contribution of atrial systole.  

 

Consequently, haemodynamic goals include: 

• Maintaining the preload with fluid administration 

• Avoiding tachycardia 

• Maintaining sinus rythmn 

 

In contrast, Grade 3 and 4 patients have a fixed stroke volume and cannot tolerate large 

intravascular volumes well, the presence of which can easily result in pulmonary oedema.  

Furthermore, a fixed stroke volume also implies that cardiac output is largely heart rate 
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dependant. The high left ventricular end-diastolic pressure (LVEDP) in these patients mean that 

a relatively 

 

Haemodynamic goals in these patients therefore include: 

• Careful titration of fluids to avoid hypotension on one extreme and pulmonary 

oedema on the other 

• Maintainance of SVR 

• Avoiding bradycardia 

 

Goals in common to both include avoiding hypertension by continuing their antihypertensive 

regimen and optimising oxygen supply-demand imbalance by avoiding hypoxia, anaemia, 

hypotension, tachycardia and hypothermia.(2, 7) 

 

 

Early studies of Halothane, Enflurane, Isoflurane and Desflurane demonstrated impaired LV 

relaxation in animal models. Only Halothane demonstrated reduced LV compliance. Proposed 

mechanisms for this effect include altered sarcoplasmic calcium metabolism. Later studies of 

inhalational agents in patients with known DD however contradicted these results and showed 

improvement in early LV relaxation (e’).  

 

Ketamine and to a lesser extent Thiopentone, are both well recognised to worsen DD. This is 

mediated by an inhibition of sarcolemmal calcium ion transport. Propofol does not seem to affect 

myocardial relaxation or compliance in animal models. Etomidate has not been studied but has 

minimal effect on calcium metabolism or transport so is unlikely to affect diastolic function. (2, 7) 
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