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SHORT COMMUNICATION
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In developed countries heart failure represents a heavy 
epidemiological burden, with a prevalence of 1–2% of 
the adult population, rising to ≥ 10% among people with 
> 70  years of age [1, 2]. Diastolic heart failure (Heart 
Failure with preserved Ejection Fraction, HFpEF [2]) 
accounts for a relevant proportion of all HF admissions, 
ranging from 22 to 70% according to its definition, set-
ting, population age and sex, with the highest prevalence 
in the elderly. Furthermore, among people > 65  years of 
age presenting to primary care with breathlessness on 
exertion, one in six will have unrecognized HF (mainly 
HFpEF) [3]. In patients with HFpEF, there is a strong 
association between prognosis and the underlying heart 
failure etiology, but overall mortality is estimated as high 
as 5–10% [4]. These data overall compel an accurate and 
early diagnostic strategy for HFpEF since its presentation 
in the emergency department, and early bedside ultra-
sound undoubtedly has the potential to comply with this 
need [5].

Preliminary data on the feasibility of a proposed sim-
plified approach to diagnose diastolic dysfunction, “more 

suitable for the use by emergency physicians (EPs) with 
limited experience in echocardiography”, have been 
recently reported on the Critical Ultrasound Journal [6]. 
Although  the authors address an area of great interest in 
clinical practice, the  work appears flawed by a series of 
relevant limitations, and altogether fraught by the draw-
backs of oversimplification of a complex matter. These 
flaws touch the key points of bedside diastolic dysfunc-
tion assessment and are worth being addressed:

1. HFpEF demands a multi-parametric echocardio-
graphic assessment. In this retrospective analysis of 
data from a previous observational study on stable 
hypertensive patients, Del Rios et  al. considered a 
single echocardiographic variable in order to assess 
concordance of EPs and cardiologists in the diagno-
sis of diastolic dysfunction: medial/lateral averaged 
mitral annular tissue doppler (TDI) protodiastolic 
velocity. Other authors have recently investigated the 
possibility of diagnosing HFpEF by EPs receiving a 
dedicated training in cardiac bedside ultrasound [7], 
or suggested an approach to the issue in the form of 
concept paper [8]. Others have proposed a simplified 
approach to diastolic dysfunction diagnosis in spe-
cific critical care populations [9]. All these authors, 
consistently with the known complexity of this diag-
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nosis and in line with current echocardiographic rec-
ommendations, have tackled the issue by combining 
several ultrasound-derived indices. More recently 
Johansen et  al. have demonstrated in a community-
based study that a combination of three relatively 
easy to obtain parameters (e’, E/e’ and indexed left 
atrial volume) was able to stratify the population for 
increasing risk of cardiac major adverse events [10]. 
The last Recommendations for the Evaluation of Left 
Ventricular Diastolic Function by Echocardiography 
are in fact explicit in warning that none of the echo-
cardiographic indices should be used in isolation, as 
some measurements may fall in the normal range 
despite the presence of diastolic dysfunction due 
to the several hemodynamic factors that may affect 
each signal [11].

2. TDI acquisition can be technically challenging. 
Althought E/E’ is key to assess diastolic dysfunction 
with good reproducibility and reliability, a series of 
technical issues can affect the accurate measure-
ment of mitral annular TDI. Protodiastolic mitral 
annular velocity (TDI E’), the cornerstone of dias-
tolic dysfunction diagnosis, reflects mitral annulus 
motion that precedes filling; it correlates well with 
invasive measures of the time constant of myocardial 
relaxation tau although it is not entirely governed 
by relaxation [12]. There are a number of pathologi-
cal conditions that impair myocardial relaxation and 
restoration forces with increased lengthening load 
(LA pressure), resulting in reduced and delayed lon-
gitudinal motion and E’ velocity. TDI E’ measure-
ment mandates optimal 2D images to be adequately 
sampled, being thus affected by gain and filter adjust-
ment, sufficient visualization of mitral annulus, 
absence of mitral annulus severe calcifications/pros-
thesis, correct angle (< 20°) of insolation, and adjust-
ment according to the plane of cardiac motion [13, 
14]. All these technicalities, with their inherent oper-
ator-dependency and learning curve, place this kind 
of echocardiographic assessment beyond the reach of 
a limited ultrasound training.

3. TDI interpretation conceals several pitfalls that 
should not be neglected. There are a variety of patho-
logical conditions where TDI E’ could be normal in 
presence of altered cardiac dynamics: constrictive 
physiology [15], patients with moderate to severe pri-
mary MR and normal LV relaxation due to increased 
flow across the regurgitant valve [16], discordance 
between lateral and septal E’ in advanced systolic 
heart failure [17], atrial fibrillation, ventricular dys-
synchrony or, moreover, regional wall motion abnor-
malities [13]. None of these conditions are addressed 

in simplified approaches, such as the one proposed 
by Del Rios et al.

4. Limited bedside ultrasound diagnostic tests are accu-
rate in specific patient populations, and only when 
interpreted in tight conjunction with clinical data. 
One of the basic assumptions of Focused Cardiac 
UltraSound (FOCUS) (and point of care ultrasound 
in general) is that the limited ultrasound exam is suf-
ficiently informative only when it is part of a clinical-
ultrasound integrated approach [18, 19], not as stan-
dalone diagnostic test (e.g. only in shocked patients 
the absence of severe right ventricular failure allows 
to rule out pulmonary embolism as a cause). In other 
words, the limitations of the simplified approach are 
“compensated” by the magnitude of the ultrasound 
abnormality (gross finding, easier to detect) and 
by the specific clinical picture (high pre-test prob-
ability). In this respect, a cohort of patients without 
symptoms of congestive heart failure does not seem 
to be particularly suitable to test the (even prelimi-
nary) hypothesis that diastolic dysfunction may fall 
within the purview of FoCUS.

5. Core of HFpEF diagnosis is the demonstration of 
elevated left atrial pressures. Patients may exhibit 
diastolic dysfunction (as detected by a reduced 
TDI mitral annular E’) unrelated to their respira-
tory symptoms, i.e. without having high left atrial 
pressures and congestive HF. Rather than diastolic 
dysfunction per se, what matters in the approach to 
patients with suspected acute heart failure is the find-
ing of positive echocardiographic indices of increased 
left atrial pressures [13]. These should be indices suf-
ficiently validated in decompensated/critical patients, 
(such as E/E’, pulmonary veins systolic fraction, E/A, 
DTE), and are usually assessed with a semi-quantita-
tive approach [20].

The application of echocardiography in the assessment 
of diastolic function and cardiovascular pathophysiology 
requires advanced competences and skills (compared to 
FoCUS) to both acquire high-quality pictures and sig-
nals and to interpret them in the context of the acute 
cardiac care setting. A recent meta-analysis showed how 
despite the application of the guidelines for the diagno-
sis of diastolic dysfunction [14] this diagnosis is subject 
to a high inter-operator variability (from 12 to 84%) [21]. 
Not surprisingly, unanimous consent drove evidence-
based expert opinion not to include diastolic dysfunction 
among the targets of the FoCUS exam [18, 22–25].

The inherent limitations of FoCUS in the diagno-
sis of congestive heart failure in the ER can though be 
partly circumvented by means of clinically integrated 
multi-organ ultrasound [18, 26, 27]. There is recent 



Page 3 of 5Via and Tavazzi  Crit Ultrasound J  (2018) 10:26 

evidence that the combination of E/E’ > 15 and lung 
ultrasound findings consistent with pulmonary conges-
tion has 100% sensitivity and 95.8% specificity in the 
diagnosis of congestive heart failure, regardless of the 
ejection fraction [28]. A sequential, systematic, ultra-
sound approach is in the end appropriate to diagnose 

HFpEF and should be based on a sound pathophysio-
logical ground (Fig. 1, steps B1, B2, B3): (1) Diagnosing 
pulmonary congestion (with lung ultrasound) [29, 30], 
and ruling out other causes of respiratory failure (with 
multi organ bedside ultrasound) [31, 32]. (2) Ruling 
out left ventricular systolic dysfunction, gross aortic/

Fig. 1 Clinical-ultrasound integrated diagnostic approach to the patient with suspected congestive heart failure, focused on the diagnosis of 
heart failure (HF) with preserved ejection fraction (HFpEF). When facing respiratory distress, and congestive heart failure is suspected, history and a 
brief clinical exam should screen for cardiovascular risk factors, typical signs/symptoms of heart failure and for potential precipitating factors (step 
A). Multi-organ bedside ultrasound follows (step B), starting from lung ultrasound (B1): a pattern of bilateral, symmetrical, homogeneously diffuse 
scans with multiple B-lines (more than 2 positive chest areas per side = sonographic interstitial syndrome) [32] is diagnostic for pulmonary edema. A 
potential cardiac etiology of this pulmonary congestion is then screened for with Focused Cardiac Ultrasound (B2): the finding of moderate-severe 
left ventricular systolic dysfunction raises high suspicion for congestive high failure with reduced ejection fraction (HFrEF). This can then be 
confirmed with the echocardiographic demonstration of high left atrial filling pressures. Alternatively, FoCUS findings of gross valvular dysfunction 
or pure volume overload (if consistent with history) will suggest a different cardiogenic or a hydrostatic cause of the pulmonary edema. Immediate 
or delayed comprehensive echocardiography will again confirm the diagnosis and clarify the mechanism and degree of valvular dysfunction. 
When all the FoCUS findings consistent with potential causes of pulmonary edema are ruled out, comprehensive echocardiography (B3) is even 
more required to confirm/rule out a likely diagnosis of heart failure with preserved ejection fraction (HFpEF, defined as ejection fraction ≥ 50%, with 
TDI and Doppler indices diagnostic for elevated left atrial pressures, with/without left ventricular hypertrophy or left atrial enlargement [2]). The 
diagnosis of HFpEF finally requires a concomitant positive natriuretic peptides assay (step C). Natriuretic peptides must in any case be pathological 
for the diagnosis of any alternative cardiogenic cause of pulmonary edema (either HFrEF or HF caused by valvular dysfunction). HTN hypertension, 
CVD cardiovascular disease, HF heart failure, ECG electrocardiography, NSAIDS non steroid anti-inflammatory drugs, LUS lung ultrasound, FoCUS 
focused cardiac ultrasound, IVC inferior vena cava, LV left ventricle, EF ejection fraction, LAP left atrial pressure, LAE left atrial enlargement, HFpEF 
heart failure with preserved ejection fraction, HFrEF heart failure with reduced ejection fraction, BNP brain natriuretic peptide
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mitral valve abnormalities, pure volume overload as 
potential causes of pulmonary edema (with FoCUS) 
[18]. (3) Confirming the cardiogenic nature of pulmo-
nary congestion by detecting high left atrial pressures 
in the absence of reduced ejection fraction and, pos-
sibly, structural cardiac abnormalities (comprehensive 
echocardiography) [2]. In essence, once suspicion of 
HFpEF is raised, FoCUS should always prompt a con-
firmatory comprehensive echocardiographic exam. This 
all should be integrated into the clinical and biochemi-
cal standard diagnostic workup (see the clinical-ultra-
sound integrated approach described in Fig. 1).

One of the pivotal rules in medicine is that the dif-
ficult path to diagnosis requires a process of integra-
tive, systematic, acquisition of signs, symptoms and 
data. This is even more true when a complex operator-
dependent tool is applied in critical scenarios. Echo-
cardiography is extremely powerful in the study of 
cardiovascular pathophysiology, and any message sup-
porting the concept of simplifying a complex diagnosis 
by studying a single echocardiographic parameter risks 
to be definitively simplistic and misleading, rather than 
just hazardous. A comprehensive approach which inte-
grates clinical, biochemical, FoCUS, lung ultrasound, 
and echocardiographic findings is advised to better 
approach the suspected diagnosis of diastolic dysfunc-
tion causing congestive heart failure.

Authors’ contributions
GV and GT conceived and reviewed the manuscript. Both authors read and 
approved the final manuscript.

Author details
1 Cardiac Anesthesia and Intensive Care, Cardiocentro Ticino, Via Tesserete 48, 
Lugano, Switzerland. 2 Emergency Department, Anaesthesia and Intensive 
Care Unit, Fondazione IRCCS Policlinico S. Matteo, Pavia, Italy. 3 Department 
of Clinical, Surgical, Diagnostic and Paediatric Sciences, Anaesthesia, Intensive 
Care and Pain Therapy Unit, University of Pavia, Pavia, Italy. 

Acknowledgements
None.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
None.

Consent for publication
None.

Ethics approval and consent to participate
None.

Funding
None.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 7 March 2018   Accepted: 8 September 2018

References
 1. Mosterd A, Hoes AW (2007) Clinical epidemiology of heart failure. Heart 

93:1137–1146
 2. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, Falk 

V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C, 
Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GM, Ruilope LM, 
Ruschitzka F, Rutten FH, van der Meer P (2016) 2016 ESC guidelines for 
the diagnosis and treatment of acute and chronic heart failure. Kardiol 
Pol 74:1037–1147

 3. van Riet EE, Hoes AW, Limburg A, Landman MA, van der Hoeven H, Rut-
ten FH (2014) Prevalence of unrecognized heart failure in older persons 
with shortness of breath on exertion. Eur J Heart Fail 16:772–777

 4. Pocock SJ, Ariti CA, McMurray JJ, Maggioni A, Køber L, Squire IB, Swed-
berg K, Dobson J, Poppe KK, Whalley GA, Doughty RN, Meta-Analysis 
Global Group in Chronic Heart F (2013) Predicting survival in heart 
failure: a risk score based on 39 372 patients from 30 studies. Eur Heart J 
34:1404–1413

 5. Tavazzi G, Neskovic AN, Hussain A, Volpicelli G, Via G (2017) A plea for an 
early ultrasound-clinical integrated approach in patients with acute heart 
failure. A proactive comment on the ESC Guidelines on Heart Failure 
2016. Int J Cardiol 245:207–210

 6. Del Rios M, Colla J, Kotini-Shah P, Briller J, Gerber B, Prendergast H (2018) 
Emergency physician use of tissue Doppler bedside echocardiography 
in detecting diastolic dysfunction: an exploratory study. Crit Ultrasound J. 
10:3

 7. Unluer EE, Bayata S, Postaci N, Yesil M, Yavasi O, Kara PH, Vandenberk N, 
Akay S (2012) Limited bedside echocardiography by emergency physi-
cians for diagnosis of diastolic heart failure. Emerg Med J 29:280–283

 8. Holst JM, Kilker BA, Wright S, Hoffmann B (2014) Heart failure with 
preserved ejection fraction: echocardiographic VALVE protocol for emer-
gency physicians. Eur J Emerg Med 21:394–402

 9. Lanspa MJ, Gutsche AR, Wilson EL, Olsen TD, Hirshberg EL, Knox DB, 
Brown SM, Grissom CK (2016) Application of a simplified definition of 
diastolic function in severe sepsis and septic shock. Crit Care 20:243

 10. Johansen ND, Biering-Sorensen T, Jensen JS, Mogelvang R (2017) Diastolic 
dysfunction revisited: a new, feasible, and unambiguous echocardio-
graphic classification predicts major cardiovascular events. Am Heart J 
188:136–146

 11. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, Dokainish H, Edvardsen 
T, Flachskampf FA, Gillebert TC, Klein AL, Lancellotti P, Marino P, Oh JK, 
Alexandru Popescu B, Waggoner AD, Houston T, Oslo N, Phoenix A, 
Nashville T, Hamilton OC, Uppsala S, Ghent Liege B, Cleveland O, Novara 
I, Rochester M, Bucharest R, Louis M (2016) Recommendations for the 
evaluation of left ventricular diastolic function by echocardiography: 
an update from the american society of echocardiography and the 
european association of cardiovascular imaging. Eur Heart J Cardiovasc 
Imaging 17:1321–1360

 12. Oh JK, Park SJ, Nagueh SF (2011) Established and novel clinical applica-
tions of diastolic function assessment by echocardiography. Circ Cardio-
vasc Imaging 4:444–455

 13. Mitter SS, Shah SJ, Thomas JD (2017) A test in context: E/A and E/e’ to 
assess diastolic dysfunction and lv filling pressure. J Am Coll Cardiol 
69:1451–1464

 14. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, 
Waggoner AD, Flachskampf FA, Pellikka PA, Evangelisa A (2009) Recom-
mendations for the evaluation of left ventricular diastolic function by 
echocardiography. Eur J Echocardiogr 10:165–193

 15. Welch TD, Ling LH, Espinosa RE, Anavekar NS, Wiste HJ, Lahr BD, Schaff 
HV, Oh JK (2014) Echocardiographic diagnosis of constrictive pericarditis: 
mayo Clinic criteria. Circ Cardiovasc Imaging 7:526–534

 16. Bruch C, Stypmann J, Gradaus R, Breithardt G, Wichter T (2004) Usefulness 
of tissue Doppler imaging for estimation of filling pressures in patients 
with primary or secondary pure mitral regurgitation. Am J Cardiol 
93:324–328

 17. Mullens W, Borowski AG, Curtin RJ, Thomas JD, Tang WH (2009) Tissue 
Doppler imaging in the estimation of intracardiac filling pressure in 



Page 5 of 5Via and Tavazzi  Crit Ultrasound J  (2018) 10:26 

decompensated patients with advanced systolic heart failure. Circulation 
119:62–70

 18. Via G, Hussain A, Wells M, Reardon R, ElBarbary M, Noble VE, Tsung JW, 
Neskovic AN, Price S, Oren-Grinberg A, Liteplo A, Cordioli R, Naqvi N, Rola 
P, Poelaert J, Gulic TG, Sloth E, Labovitz A, Kimura B, Breitkreutz R, Masani 
N, Bowra J, Talmor D, Guarracino F, Goudie A, Xiaoting W, Chawla R, 
Galderisi M, Blaivas M, Petrovic T, Storti E, Neri L, Melniker L, International 
Liaison Committee on Focused Cardiac U, International Conference on 
Focused Cardiac U (2014) International evidence-based recommenda-
tions for focused cardiac ultrasound. J Am Soc Echocardiogr 27:683

 19. Moore CL, Copel JA (2011) Point-of-care ultrasonography. N Engl J Med 
364:749–757

 20. Vignon P (2007) Evaluation of left ventricular filling pressure using echo-
cardiography Doppler. Réanimation 16:139–148

 21. Selmeryd J, Henriksen E, Leppert J, Hedberg P (2016) Interstudy hetero-
geneity of definitions of diastolic dysfunction severely affects reported 
prevalence. Eur Heart J Cardiovasc Imaging 17:892–899

 22. Neskovic AN, Edvardsen T, Galderisi M, Garbi M, Gullace G, Jurcut R, Dalen 
H, Hagendorff A, Lancellotti P, European Association of Cardiovascular 
Imaging Document R, Popescu BA, Sicari R, Stefanidis A (2014) Focus 
cardiac ultrasound: the European association of cardiovascular imaging 
viewpoint. Eur Heart J Cardiovasc Imaging 15:956–960

 23. Labovitz AJ, Noble VE, Bierig M, Goldstein SA, Jones R, Kort S, Porter TR, 
Spencer KT, Tayal VS, Wei K (2010) Focused cardiac ultrasound in the 
emergent setting: a consensus statement of the American Society of 
Echocardiography and American College of Emergency Physicians. J Am 
Soc Echocardiogr 23:1225–1230

 24. Expert Round Table on Ultrasound in ICU (2011) International expert 
statement on training standards for critical care ultrasonography. Inten-
sive Care Med 37:1077–1083

 25. Neskovic AN, Skinner H, Price S, Via G, De Hert S, Stankovic I, Galderisi 
M, Donal E, Muraru D, Sloth E, Gargani L, Cardim N, Stefanidis A, Cameli 
M, Habib G, Cosyns B, Lancellotti P, Edvardsen T, Popescu BA, Reviewers: 
This document was reviewed by members of the ESDC (2018) Focus 
cardiac ultrasound core curriculum and core syllabus of the European 
Association of Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging 
19:475–481

 26. Kajimoto K, Madeen K, Nakayama T, Tsudo H, Kuroda T, Abe T (2012) Rapid 
evaluation by lung-cardiac-inferior vena cava (LCI) integrated ultrasound 

for differentiating heart failure from pulmonary disease as the cause of 
acute dyspnea in the emergency setting. Cardiovasc Ultrasound 10:49

 27. Pivetta E, Goffi A, Lupia E, Tizzani M, Porrino G, Ferreri E, Volpicelli G, 
Balzaretti P, Banderali A, Iacobucci A, Locatelli S, Casoli G, Stone MB, Maule 
MM, Baldi I, Merletti F, Cibinel GA, Baron P, Battista S, Buonafede G, Busso 
V, Conterno A, Del Rizzo P, Ferrera P, Pecetto PF, Moiraghi C, Morello F, Steri 
F, Ciccone G, Calasso C, Caserta MA, Civita M, Condo C, D’Alessandro V, 
Del Colle S, Ferrero S, Griot G, Laurita E, Lazzero A, Lo Curto F, Michelazzo 
M, Nicosia V, Palmari N, Ricchiardi A, Rolfo A, Rostagno R, Bar F, Boero E, 
Frascisco M, Micossi I, Mussa A, Stefanone V, Agricola R, Cordero G, Cor-
radi F, Runzo C, Soragna A, Sciullo D, Vercillo D, Allione A, Artana N, Corsini 
F, Dutto L, Lauria G, Morgillo T, Tartaglino B, Bergandi D, Cassetta I, Masera 
C, Garrone M, Ghiselli G, Ausiello L, Barutta L, Bernardi E, Bono A, Forno D, 
Lamorte A, Lison D, Lorenzati B, Maggio E, Masi I, Maggiorotto M, Novelli 
G, Panero F, Perotto M, Ravazzoli M, Saglio E, Soardo F, Tizzani A, Tizzani 
P, Tullio M, Ulla M, Romagnoli E (2015) Lung ultrasound-implemented 
diagnosis of acute decompensated heart failure in the ED: a SIMEU multi-
center study. Chest 148:202–210

 28. Ohman J, Harjola VP, Karjalainen P, Lassus J (2017) Rapid cardiothoracic 
ultrasound protocol for diagnosis of acute heart failure in the emergency 
department. Eur J Emerg Med. https ://doi.org/10.1097/MEJ.00000 00000 
00049 9

 29. Picano E, Pellikka PA (2016) Ultrasound of extravascular lung water: a new 
standard for pulmonary congestion. Eur Heart J 37:2097–2104

 30. Volpicelli G, Skurzak S, Boero E, Carpinteri G, Tengattini M, Stefanone V, 
Luberto L, Anile A, Cerutti E, Radeschi G, Frascisco MF (2014) Lung ultra-
sound predicts well extravascular lung water but is of limited usefulness 
in the prediction of wedge pressure. Anesthesiology 121:320–327

 31. Lichtenstein DA, Meziere GA (2008) Relevance of lung ultrasound in 
the diagnosis of acute respiratory failure: the BLUE protocol. Chest 
134:117–125

 32. Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, Kirkpatrick 
AW, Melniker L, Gargani L, Noble VE, Via G, Dean A, Tsung JW, Soldati G, 
Copetti R, Bouhemad B, Reissig A, Agricola E, Rouby JJ, Arbelot C, Liteplo 
A, Sargsyan A, Silva F, Hoppmann R, Breitkreutz R, Seibel A, Neri L, Storti 
E, Petrovic T, International Liaison Committee on Lung Ultrasound for 
International Consensus Conference on Lung U (2012) International 
evidence-based recommendations for point-of-care lung ultrasound. 
Intensive Care Med 38:577–591

https://doi.org/10.1097/MEJ.0000000000000499
https://doi.org/10.1097/MEJ.0000000000000499

	Diagnosis of diastolic dysfunction in the emergency department: really at reach for minimally trained sonologists? A call for a wise approach to heart failure with preserved ejection fraction diagnosis in the ER
	Authors’ contributions
	References




