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To provide for tissue perfusion without pulmonary congestion, the left ventricle (LV) must 

eject an adequate stroke volume at arterial pressure (systolic function) and fill without 

requiring an abnormally increased left atrial pressure (diastolic function). Systolic and 

diastolic function must be adequate to meet the needs of the body both at rest and during 

stress (reserve capacity).

Normal LV diastolic function requires integration of left ventricular ejection, relaxation, and 

structure and is an active energy requiring process1. For example, LV diastolic function 

becomes markedly abnormal immediately following coronary ligation, before detectable 

changes in other measures of cardiac function, including wall motion or 

electrocardiographic S-T segment shifts2. LV diastolic function is impaired by all of the 

common pathological processes that affect LV function or produces LV hypertrophy or 

fibrosis, including: hypertension, diabetes, ischemia, myocarditis, toxins, and infiltrative 

cardiomyopathies. Thus, LV diastolic performance is a sensitive indicator of cardiovascular 

dysfunction.

Systolic function is conveniently (although not always accurately) measured as the ejection 

fraction (EF) Diastolic function has been more difficult to evaluate1,3. Traditionally, 

invasive measures of LV diastolic pressure-volume relations and the rate of LV pressure fall 

during isovolumetric relaxation have been used. However, these methods are not practical 

for routine clinical use and do not adequately evaluate all aspects of diastolic filling3.

Approximately three decades ago, pulsed spectral Doppler was first used to quantitatively 

assess the velocity of blood flow from the left atrium into the LV. Since then, there have 
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been many advances in the non-invasive assessment of LV diastolic function by echo-

Doppler. One of the most important of these was the development of tissue Doppler (TDI), 

which was accomplished by adjusting the Doppler filter settings to focus on the low 

velocity, high amplitude signals produced by tissue motion. Ironically, these had previously 

been actively filtered out as “wall clutter” and thereby overlooked. TDI can measure the rate 

of mitral annular motion. The early diastolic annular velocity away from the apex is reduced 

and delayed in the presence of impaired relaxation. TDI can also be used to assess LV 

myocardial strain. Other more recent advances include color M-mode Doppler to measure 

flow propagation into the LV, and speckle tracking to assess twisting of the LV apex relative 

to the mitral annulus and untwisting in early diastole.

Comprehensive echocardiographic evaluation of the dynamics of LV filling utilizes Doppler 

measurements of mitral inflow and pulmonary venous flow, along with tissue Doppler 

evaluation of the early diastolic mitral annular velocities and measurements of left atrial 

size4. By combining these data utilizing written algorithms, specific patterns of LV filling 

can be discerned4. These patterns can define both normal diastolic function and the stages of 

diastolic dysfunction.

Echo-Doppler evaluation of diastolic function provides important prognostic information in 

a wide variety of patients. A normal filling pattern in community dwelling subjects indicates 

an excellent prognosis1. In contrast, an abnormal filling pattern and progressively greater 

abnormalities of left filling (impaired relaxation versus pseudonormalized and restricted 

filling patterns) indicate patients with progressively-increased risk of subsequent mortality. 

The stage of diastolic dysfunction correlates with the impairment of exercise capacity in 

patients without myocardial ischemia better than resting LVEF5. In patients with heart 

failure, the stage of diastolic dysfunction is a stronger predictor of mortality than EF1.

A shortened early deceleration time indicates an increased LV operating stiffness. It is a 

hallmark of restrictive filling pattern and denotes poor prognosis in patients with myocardial 

infarction, dilated cardiomyopathy, heart transplantation, hypertrophic cardiomyopathy, and 

restrictive cardiomyopathy4. Both pseudonormalized and restricted filling patterns indicate a 

four-fold increase in the risk of death in patients with HF and coronary artery disease6. 

Similarly, an increased ratio of early mitral flow/early annulus velocity indicates poor 

prognosis in a variety of patients4. Recently, Mogelvang et al found that early diastolic 

annular velocity predicted mortality in a general population of patients, most of whom were 

free of apparent systolic and diastolic dysfunction by conventional echocardiographic 

methods7.

However, there have been few data examining the utility of serial echo-Doppler assessments 

of LV filling, particularly in patients without significant systolic dysfunction. Kane et al 

recently reported on a randomly selected community cohort during 4 year follow-up8. They 

found that grade of systolic dysfunction worsened in 23% of subjects and was associated 

with older age. During 6.3 years of additional follow-up, those with worsened diastolic 

dysfunction had greater risk for heart failure, even after adjustment for age.
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AlJaroudi et al in this issue of Circulation significantly extend these results by examining 

the impact of progression of LV diastolic dysfunction on mortality9. They examined 1,065 

outpatients who had preserved LVEF on a baseline clinically indicated echocardiogram and 

who had a second clinically indicated echocardiogram 6–24 months later. Vital status was 

determined by use of public records. An abnormal LV diastolic filling pattern was highly 

prevalent at baseline (73%), although restricted LV filling pattern was present in just two 

patients. The investigators found that in these presumably relatively low risk patients (by 

virtue of their outpatient status and LVEF) subsequent mortality was substantial (13%). 

Thus, it appears that patients who have two clinically indicated echocardiograms within two 

years have a substantial risk of early death. Importantly, those with worsened LV filling 

patterns at follow-up had worse prognosis than those who had either no change or 

improvement in LV filling (21% vs. 12% mortality). Although many of those with worsened 

LV filling at follow-up also had developed reduced LVEF, the follow-up echo-Doppler LV 

filling patterns added significant, independent prognostic information beyond LVEF. Thus, 

progression of LV filling abnormalities in outpatients with preserved LV systolic function is 

a strong, independent predictor of all-cause mortality.

It is remarkable that serial evaluation of LV diastolic function could be such a powerful 

predictor of all-cause mortality, not just cardiovascular death. This is especially surprising 

given the recent report from the Framingham Study10 that non-cardiac factors contribute 

significantly to the development of cardiac events, including heart failure, and others 

showing that once heart failure develops, non-cardiac co-morbidities contribute quite 

significantly to mortality11. It is likely that diastolic dysfunction and especially worsening 

diastolic dysfunction is a marker of increased risk. For example, hypertension, diabetes, 

ischemia, and reduced systolic function all are associated with diastolic dysfunction. In 

addition to being a marker of increased risk, diastolic dysfunction may also be a direct 

contributor to the adverse outcomes, perhaps by contributing to the progression of heart 

failure by limiting cardiac output reserve, accelerating neuroendocrine activation, increasing 

symptoms of breathlessness, and promoting physical inactivity, deconditioning, and 

frailty12.

What might be some next steps in the further development of this important area? These 

impressive results of AlJaroudi et al and the earlier results of Kane et al were obtained by 

analyzing patterns of LV filling. These require some degree of expertise and time to 

interpret. Sometimes this must be done in the absence of one or more component variables, 

such as pulmonary vein flow which is the most technically demanding to acquire, or by 

reconciling apparent conflicts between component variables. Assignment of a specific 

pattern is not possible in all patients. This is demonstrated in the current study, in which 

approximately two-thirds of the patients had to be excluded from the analysis9. Some of 

these were because the patient lacked a valid U.S. Social Security number, had limited 

echocardiograms, or had not had diastolic function reported. However, as discussed by the 

authors, other patients who had to be excluded had common cardiology disorders, including 

severe valvular stenosis or regurgitation, prior mitral valve surgery, tachycardia, atrial 

fibrillation, or a poor acoustic window. In the Kane et al study, diastolic function grade 

could not be assigned in approximately 25% of subjects9.The experience of these two 

important studies in this regard is not unique. A systematic analysis performed by 
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Aurigemma et al indicated that even with expert acquisition and interpretation, assignment 

of LV filling patterns is not possible in up to one-third of patients13. A metric that is feasible 

in all patients, is load-independent, yields a single continuously variable number, is quick, 

reliable, and automated would be desirable but has thus far been elusive.

In addition to the echo-Doppler techniques discussed above, there are other technologies that 

can provide, directly or indirectly, information regarding LV diastolic function. While 

currently less widely available, more resource intensive, and with lower temporal resolution 

than echo-Doppler, cardiac magnetic resonance imaging (CMR) provides very high quality 

images and reproducibility and has a relatively low rate of non-evaluability compared to 

echocardiography, in which high quality images cannot be obtained in many patients14. 

CMR techniques quantify velocity and vector of blood flow and tissue movement to provide 

diastolic strain rate, time dependent change in left ventricular and atrial volumes, untwisting, 

and flow propagation15. CMR can also characterize myocardial tissue, including subclinical 

fibrosis, and thus provide mechanistic insights into diastolic dysfunction15. A recently 

developed, novel method is 4D flow16. Like other CMR techniques, it may be 

complementary to Doppler-echocardiography17. The biomarker B-type natriuretic peptide 

(BNP) may also be useful. It is synthesized and released in response to LV stretch and 

correlates with the echo-Doppler grade of LV diastolic dysfunction18. Many studies have 

demonstrated its strong prognostic value, both as a single test and also as it changes over 

time. This widely available blood test is relatively inexpensive, simple, and fast compared to 

an echo-Doppler or CMR exam.

The results from AlJaroudi et al were obtained with measurements performed at rest. By 

assessing reserve capacity, stress testing can often detect important abnormalities that are 

not present or are more subtle at rest. Although technically challenging, diastolic function 

can be assessed during pharmacological stress or during immediate post-exercise and can 

provide valuable predictive information19. It is possible that doing so could provide, in a 

single exam and at an earlier stage, information that is similar in predictive power to that 

obtained by paired, follow-up resting echo-Doppler exams. Assessment of LV filling during 

exercise, though technically demanding, may be complementary with the other information 

provided by cardiopulmonary exercise testing, which assesses global cardiovascular reserve, 

is an independent predictor of mortality in a wide variety of populations, is semi-automated 

and reproducible, and has relatively modest cost20.

In conclusion, normal LV diastolic function requires normal function and integration of left 

ventricular ejection, relaxation, and structure and is an active energy requiring process. 

Thus, diastolic performance is sensitive to nearly all of the common pathological processes 

that affect cardiovascular function. Comprehensive echo-Doppler/tissue Doppler evaluation 

of diastolic filling dynamics can sensitively detect abnormal LV filling dynamics. As 

demonstrated by AlJaroudi et al, echo-Doppler progression of diastolic dysfunction can 

detect LV dysfunction at an early stage and indicates increased risk for future events. This is 

a fertile area for continued important advances.

Kitzman and Little Page 4

Circulation. Author manuscript; available in PMC 2015 October 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

Funding Sources: This work was supported in part by the following research grants from the National Institutes of 
Health: R37AG18915, P30AG21332, and R21HL106276-01A1.

References

1. Little WC, Oh JK. Echocardiographic Evaluation of Diastolic Function Can Be Used to Guide 
Clinical Care. Circulation. 2009; 120:802–809. [PubMed: 19720946] 

2. Rankin J, Gaynor JW, Feneley MP, Glower DD, Spratt JA, Tyson GS. Diastolic myocardial 
mechanics and the regulation of cardiac performance. Diastolic Relaxation of the Heart. 1987:111–
124.

3. Little WC, Ohara T. Left Atrial Emptying Reserve: A Mirror of LV Diastolic Function That Predicts 
Prognosis? JACC: Cardiovascular Imaging. 2011; 4:389–391. [PubMed: 21492814] 

4. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, Waggoner AD, 
Flachskampf FA, Pellikka PA, Evangelisa A. Recommendations for the Evaluation of Left 
Ventricular Diastolic Function by Echocardiography. Eur J Echocardiogr. 2009; 10:165–193. 
[PubMed: 19270053] 

5. Grewal J, McCully RB, Kane GC, Lam C, Pellikka PA. Left Ventricular Function and Exercise 
Capacity. JAMA: The Journal of the American Medical Association. 2009; 301:286–294. [PubMed: 
19155455] 

6. Somaratne JB, Whalley GA, Poppe KK, Gamble GD, Doughty RN. Pseudonormal Mitral Filling Is 
Associated with Similarly Poor Prognosis as Restrictive Filling in Patients with Heart Failure and 
Coronary Heart Disease: A Systematic Review and Meta-analysis of Prospective Studies. Journal of 
the American Society of Echocardiography. 2009; 22:494–498. [PubMed: 19307097] 

7. Mogelvang R, Sogaard P, Pedersen SA, Olsen NT, Marott JL, Schnohr P, Goetze JP, Jensen JS. 
Cardiac Dysfunction Assessed by Echocardiographic Tissue Doppler Imaging Is an Independent 
Predictor of Mortality in the General Population. Circulation. 2009; 119:2679–2685. [PubMed: 
19433761] 

8. Kane GC, Karon BL, Mahoney DW, Redfield MM, Roger VL, Burnett JC, Burnett JC Jr, Jacobsen 
SJ, Rodeheffer RJ. Progression of Left Ventricular Diastolic Dysfunction and Risk of Heart Failure. 
JAMA: The Journal of the American Medical Association. 2011; 306:856–863. [PubMed: 
21862747] 

9. Aljaroudi W, Alraies MC, Halley C, Rodbriguez L, Grim RA, Thomas JD, Jaber WA. Impact of 
Progression of Diastolic Dysfunction on Mortality in Patients with Normal Ejection Fraction. 
Ciculation. 2012; 125:XX–XXX.

10. Lam CSP, Lyass A, Kraigher-Krainer E, Massaro JM, Lee DS, Ho JE, Levy D, Redfield MM, 
Pieske BM, Benjamin EJ, Vasan RS. Cardiac Dysfunction and Noncardiac Dysfunction as 
Precursors of Heart Failure With Reduced and Preserved Ejection Fraction in the Community/
Clinical Perspective. Circulation. 2011; 124:24–30. [PubMed: 21670229] 

11. Lee DS, Gona P, Albano I, Larson MG, Benjamin EJ, Levy D, Kannel WB, Vasan RS. A 
Systematic Assessment of Causes of Death After Heart Failure Onset in the Community/Clinical 
Perspective. Circ Heart Fail. 2011; 4:36–43. [PubMed: 21071547] 

12. Murad K, Kitzman D. Frailty and multiple comorbidities in the elderly patient with heart failure: 
implications for management. Heart Failure Reviews. 2011:1–8. [PubMed: 20872278] 

13. Narayanan A, Aurigemma GP, Hill JC, McNamee A, Tighe DA. High Prevalence of 
‘Unclassifiable’ Diastolic Dysfunction Using Current Criteria. Circulation. 2008; 118:787.

14. Gardin JM, Arnold AM, Bild DE, Smith V, Lima JAC, Klopfenstein HS, Kitzman DW. Left 
ventricular diastolic filling in the elderly: The Cardiovascular Health Study. Am J Cardiol. 1998; 
82:345–351. [PubMed: 9708665] 

15. Hundley WG, Bluemke DA, Finn JP, Flamm SD, Fogel MA, Friedrich MG, Ho VB, Jerosch-
Herold M, Kramer CM, Manning WJ, Patel M, Pohost GM, Stillman AE, White RD, Woodard 
PK. ACCF/ACR/AHA/NASCI/SCMR 2010 Expert Consensus Document on Cardiovascular 

Kitzman and Little Page 5

Circulation. Author manuscript; available in PMC 2015 October 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Magnetic Resonance. A Report of the American College of Cardiology Foundation Task Force on 
Expert Consensus Documents. Circulation. 2010; 121:2462–2508. [PubMed: 20479157] 

16. Kumar R, Charonko JJ, Hundley WG, Hamilton CA, McNeal GR, Vlachos PP, Little WC. 
Assessment of left ventricular diastolic function using 4-dimensional phase-contrast cardiac 
magnetic resonance. Journal of Computer Assisted Tomography. 2011; 35(1):108–112. [PubMed: 
21245695] 

17. Leong DP, De Pasquale CG, Selvanayagam JB. Heart Failure With Normal Ejection Fraction: The 
Complementary Roles of Echocardiography and CMR Imaging. J Am Coll Cardiol Img. 2012; 
3:409–420.

18. Brucks S, Little WC, Chao T, Kitzman DW, Wesley-Farrington D, Gandhi SK, Shihabi ZK. 
Contribution of Left Ventricular Diastolic Dysfunction to Heart Failure Regardless of Ejection 
Fraction. Am J Cardiol. 2005; 95:603–606. [PubMed: 15721099] 

19. Ishii K, Imai M, Suyama T, Maenaka M, Nagai T, Kawanami M, Seino Y. Exercise-Induced Post-
Ischemic Left Ventricular Delayed Relaxation or Diastolic Stunning: Is it a Reliable Marker in 
Detecting Coronary Artery Disease? Journal of the American College of Cardiology. 2009; 
53:698–705. [PubMed: 19232903] 

20. Arena R, Myers J, Williams MA, Gulati M, Kligfield P, Balady GJ, Collins E, Fletcher G. 
Assessment of Functional Capacity in Clinical and Research Settings: A Scientific Statement From 
the American Heart Association Committee on Exercise, Rehabilitation, and Prevention of the 
Council on Clinical Cardiology and the Council on Cardiovascular Nursing. Circulation. 2007; 
116:329–343. [PubMed: 17576872] 

Kitzman and Little Page 6

Circulation. Author manuscript; available in PMC 2015 October 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


