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Heart failure (HF) is a burden in pandemic medicine resulting in high mortality and
morbidity. Because acute HF is a life-threatening event, its diagnosis and choice of
optimal treatment are important to improve outcomes. Furthermore, understanding the
cause and hemodynamics of acute HF is important in selecting the optimal treatment
for these patients. Echocardiography is widely used in daily clinical practice because
of its non-invasive nature and excellent portability to understand cardiac function and
hemodynamics. Echocardiography is highly recommmended by guidelines in the practice
of HF, but evidence is limited. In this review, | would like to share clinical value of
echocardiography in the treatment of patients with acute HF and discuss the usefulness
of echocardiography.
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INTRODUCTION

Heart failure (HF) places a burden on the healthcare system, which has increased during the
pandemic, and resulted in high mortality and morbidity (1-5). More than 1 million people
in the US and Europe are hospitalized annually for acute decompensated HF (ADHF) (1-5).
Echocardiography is widely used for the diagnosis and during the management of HF and is
used in various situations such as evaluation of cardiac function and hemodynamics, guiding
treatment decisions, and assessing the efficacy of treatment. Performing echocardiography, as an
initial investigation, is a class I recommendation in the HF guidelines of various countries (6-
10). Furthermore, echocardiography is considered to be useful for guiding treatment of ADHF
because it is the only imaging modality available at the patients bedside that can be evaluated in
real time with minimal invasion. However, while there is much evidence that echocardiography
is useful in chronic HEF, there is little evidence to suggest that echocardiography is useful in
the management of ADHF (10, 11). Despite guideline recommendations, echocardiography was
infrequently performed in patients with HF in routine clinical practice (10, 12, 13). Thus, it
is unclear whether and how echocardiography can be used in patients with ADHF and what
phenotypic echocardiographic findings can be used to select patients for intervention. In this
review, I would like to share the clinical value of echocardiography and discuss its usefulness in
the treatment of patients with acute HF.

ETIOLOGY OF HF

Determining the etiology of HF is important for selecting the appropriate management. The
incidence of valvular disease is increasing in an aging society. According to the Euro Heart

Frontiers in Cardiovascular Medicine | www.frontiersin.org 1

November 2021 | Volume 8 | Article 740439


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2021.740439
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2021.740439&domain=pdf&date_stamp=2021-11-15
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:heartizumo@yahoo.co.jp
https://doi.org/10.3389/fcvm.2021.740439
https://www.frontiersin.org/articles/10.3389/fcvm.2021.740439/full

lzumo

Echocardiography for Acute Heart Failure

Survey, valvular heart disease was present in one-third of the
patients with acute HF in Europe. Approximately 10% of patients
with acute HF have aortic stenosis, and more than 40% have
MR (14). Acute HF with valvular disease is not uncommon,
and echocardiography is the only modality that can be used
to diagnose valvular disease in an emergency setting. Herein,
we present chest radiographs and echocardiography findings
for four patients with HF who developed acute pulmonary
edema (Figure 1). The etiologies of HF with preserved ejection
fraction (EF) were different in each case: Patient A had aortic
stenosis, B had hypertrophic obstructive cardiomyopathy, C had
acute MR, and D had HF without structural abnormalities. It
is important to determine the cause of the HF when deciding
on an appropriate treatment. Vasodilators and diuretics are the
mainstay of treatment; however, vasodilators should be avoided
in cases similar to those of patients A and B, and their use is
recommended in cases similar to those of C and D.

EVALUATION OF HEMODYNAMICS

Echocardiography is performed for the evaluation of
hemodynamics and estimation of left ventricular (LV) filling

pressures as well as assessment of structural disorders in
patients with acute HF (10, 15-18). Forrester classification
using pulmonary wedge pressure and cardiac index is useful
for evaluating hemodynamics and determining treatment
options for acute HF (19, 20). However, this requires an invasive
procedure i.e., Swan-Ganz catheterization, and is, therefore,
used less frequently. We can estimate the wedge pressure using
echocardiography as well. Based on the American Society of
Echocardiography guidelines, interpretation of the LV inflow
pattern is simple and can be used to estimate the LV filling
pressure. E/A of 2 or greater indicates that the LV filling pressure
is increased (16). E/A is a simple and highly reproducible test
that is useful in an emergency setting. However, during the 0.8
~2 of E/A, patients with HFpEF and/or atrial fibrillation often
suffer from an elevated left ventricular filling pressure. Making a
diagnosis with an E/€ >13 on tissue Doppler imaging, a tricuspid
flow velocity >2.8 m/s, and BNP may be helpful in daily clinical
practice (21). Measurement of the velocity time integral (VTI)
at the LV outflow tract (LVOT) is a simple and useful method
of estimating the forward stroke volume and cardiac output
(22-25). LVOT VTI is useful for estimating not only the cardiac
output but also the prognosis in HF with either preserved or

FIGURE 1 | Four cases of acute heart failure. All patients had dyspnea and acute pulmonary edema with systolic blood pressure >140 mm Hg (clinical scenario 1)
and preserved left ventricular ejection fraction. (A) 88-year-old female with severe aortic stenosis. Lower panel shows peak velocity of 4.2 m/s and mean pressure
gradient of 45.5 mmHg. (B) 78-year-old female with hypertrophic cardiomyopathy. Middle and lower panels show severe mitral regurgitation due to systolic anterior
motion of the mitral valve. (C) 64-year-old male with acute mitral regurgitation. Middle and lower panels show severe mitral regurgitation due to posterior leaflet
prolapse without left atrial enlargement. (D) 78-year-old female with heart failure with preserved ejection fraction. Middle and lower echocardiographic images show

severe left ventricular diastolic dysfunction without structural abnormalities.
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reduced EF (25, 26). Changes in LV inflow pattern and LVOT
VTI are useful for assessing treatment response. A case of acute
HF with reduced EF is shown in Figure 2. It describes the
case of a 58-year-old male with non-ischemic cardiomyopathy.

Echocardiography showed severely impaired LVEF and severe
secondary MR. On admission, LV inflow had a restrictive pattern
and VTI was very low. The patient was determined to have
Forrester classification IV HEF, and he was started on vasopressor
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FIGURE 2 | Echocardiographic images of a 58-year-old man with dilated cardiomyopathy showing response to heart failure therapy. (A) On admission. Upper panel
shows severe secondary mitral regurgitation with dilated left ventricle. Middle panel shows restrictive left ventricular inflow pattern and velocity time integral of only
4.7 cm, which suggested low forward cardiac output. (B) After 14 days of hospitalization. Color Doppler echocardiography shows a significant reduction in mitral
regurgitation (upper panel). Doppler echocardiography showed decreased left ventricular filling pressure (middle panel) and significantly improved forward cardiac
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support. Repeat echocardiography was performed to confirm
the response to treatment. The LV inflow pattern gradually
improved, and LVOT VTI increased. Secondary MR improved
dramatically in this case, and we could confirm the impact of
HF treatment on echocardiography. Estimation of peak systolic
pulmonary arterial pressure (SPAP) is important in clinical
practice (27-29). Most patients with ADHF had either passive
or mixed pulmonary hypertension (30). There are two forms of
pulmonary hypertension due to left-sided heart disease: post-
capillary pulmonary hypertension, which is caused by the passive
propagation of elevated left atrial or pulmonary venous pressures
into the pulmonary arteries, and pre-capillary pulmonary
hypertension, which is caused by pulmonary artery remodeling
and further pulmonary artery pressure elevation. Combined pre-
and post-capillary pulmonary hypertension has been shown to
have a worse prognosis than passive pulmonary hypertension. It
has been suggested that therapeutic intervention is necessary for
patients with reactive pulmonary hypertension, and it is critical
to consider this diagnosis and subsequent management strategies
for patients with acute heart failure. SPAP is estimated from the
peak velocity of the tricuspid regurgitation jet and right atrial
pressure (28, 30). A correlation between echocardiographic and
invasive assessment of SPAP in patients with acute HF has been
reported, and echocardiography is used to assess SPAP in clinical
practice (27). A Japanese multicenter study reported that changes
in tricuspid regurgitation peak gradient (TRPG) had additive
value in predicting the prognosis of worsening renal failure in
acute HF. Worsening renal failure with increased TRPG levels is
associated with a poor prognosis (31).

ASSESSMENT OF CARDIAC FUNCTION

Although there are various parameters for assessing cardiac
function, left ventricular EF (LVEF) is simple and is one of the
most commonly used parameters in clinical practice. A recent
US study of Medicare recipients reported that ~40% of patients
with ADHF did not have an echocardiographic EF assessment
after diagnosis of HF (12). In that study, the proportion of
patients who underwent LVEF evaluation increased over time,
but still a lower proportion of women, blacks, older patients,
and outpatients underwent echocardiography. In contrast, in the
US registry study, the percentage of patients who underwent
echocardiographic LVEF assessment was significantly higher
when LVEF assessment was considered as one of the endpoints
(32, 33). In the ADHERE registry, which entered 160,000 HF
patients admitted to 285 hospitals in the United States between
January 2002 and December 2004, the percentage of patients who
evaluated echocardiographic LVEF increased from 82.5 to 88.9%
over 3 years (32). In the OPTIMIZE-HF registry, which was
designed to test whether performing guidelines would improve
patient care in ADHE, performance of evidence-based practice
reportedly improved over time, and the percentage of patients
who underwent LVEF assessment increased from 89 to 92% over
a 21 month period. Fonarow et al. (33) Hospitals that received
achievement award in the American Heart Association program

for improving outcomes in cardiovascular diseases, including
HE have higher rates of echocardiographic LVEF assessment
compared to hospitals that have not received the award (34).
Currently, ~50% of the patients with HF have preserved EF
(35, 36). Adamopoulos et al. reported that the prognostic value of
LVEF assessed at admission increased when combined with mean
arterial pressure of patients with acute HF (37). Furthermore,
the effect of medication for HF differs based on LVEF. The
prognostic value of response to P-blockers and angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker has
been demonstrated in many studies in patients with reduced EF,
but not in patients with preserved LVEF (36). Echocardiography
is less invasive and expensive than computed tomography or
magnetic resonance imaging, and it can be performed repeatedly
for patients with HF. LVEF changes with treatment, the so-called
reverse remodeling; therefore, changes in LVEF can predict the
prognosis. Many studies have reported that HF with recovered
EF has a better prognosis (38, 39). Echocardiographic follow-up
can be used to estimate the prognosis of patients with HF. Since
LVEF reflects not only LV contractility but also other factors, such
as heart rate, blood pressure, and volume overload, it is necessary
to consider these factors when evaluating contractility using
LVEF. When evaluating mitral and aortic valve insufficiency
using LVEE it is especially important to be aware of these
factors to ensure that contractility is not overestimated. LVEF also
overestimates contractility when LV wall thickening is present
(hypertensive heart disease, hypertrophic cardiomyopathy, etc.);
in such cases, mid-wall fractional shortening or other calculations
are preferred.

Acute right heart failure is a complex disease that is difficult
to diagnose and manage in daily clinical practice. Ventricular
interactions also affect the structure and function of each
ventricle, as well as ventricular hemodynamics and events. It is
important to evaluate not only the LV in acute heart failure,
but also the right ventricular geometry, function, and pulmonary
artery coupling using echocardiography (40). Assessing the
inferior vena cava diameter and respiratory collapse helps in
estimating the right atrial pressure, although the quantitative
method (pulmonary artery systolic pressure—tricuspid pressure)
is more reliable than the more invasive measurement. An apical
or subcostal view is used to assess the RV size, LV-RV balance,
and RV sphericity.

ADDITIVE VALUE OF LUNG ULTRASOUND

A recent meta-analysis reported that B-profiles identified using
lung ultrasound were more accurate for detecting cardiogenic
causes of dyspnea than pleural effusion and TTE (41-43). The
AHF Group of the European Society of Cardiology has stated
that for patients with dyspnea and shock, lung ultrasound can
be easily and rapidly interpreted, and it is necessary to perform
lung ultrasound, in addition to transthoracic echocardiography,
in an emergent setting for patients with suspected acute heart
failure (44).
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CONCLUSIONS

Echocardiography can reveal structural abnormalities, and assess
cardiac function and hemodynamics. Although evidence is
limited, echocardiography can provide important information
for the diagnosis and treatment of acute HF. In addition,
national guidelines recommend echocardiography in acute HF,

REFERENCES

10.

11.

12.

13.

14.

. Ambrosy AP, Fonarow GC, Butler J, Chioncel O, Greene S], Vaduganathan

M, et al. The global health and economic burden of hospitalizations for heart
failure: lessons learned from hospitalized heart failure registries. J] Am Coll
Cardiol. (2014) 63:1123-33. doi: 10.1016/j.jacc.2013.11.053

. Peterson PN, Allen LA, Heidenreich PA, Albert NM, Pifia IL. The American

heart association heart failure summit, Bethesda, April 12, 2017. Circ Heart
Fail. (2018) 11:e004957. doi: 10.1161/CIRCHEARTFAILURE.118.004957

. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB,

et al. Executive summary: heart disease and stroke statistics—2012 update:
a report from the American Heart Association. Circulation. (2012) 125:188-
97. doi: 10.1161/CIR.0b013e3182456d46

. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden

WB, et al. Heart disease and stroke statistics—2012 update: a

report from the American Heart Association. Circulation. (2012)
125:€2-220. doi: 10.1161/CIR.0b013e31823ac046

. Tanabe K, Sakamoto T. Heart failure with recovered ejection fraction. J

Echocardiogr. (2019) 17:5-9. doi: 10.1007/512574-018-0396-2

. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bshm M, Dickstein

K, et al. ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure 2012: The Task Force for the Diagnosis and Treatment of Acute
and Chronic Heart Failure 2012 of the European Society of Cardiology.
Developed in collaboration with the Heart Failure Association (HFA) of the
ESC. Eur Heart J. (2012) 33:1787-847. doi: 10.1093/eurheartj/ehs104

. Yancy CW, Jessup M, Bozkurt B, Butler ], Casey DE Jr, Colvin MM, et al.

2017 ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA guideline
for the management of heart failure: a Report of the American College
of Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines and the Heart Failure Society of America. Circulation. (2017)
136:€137-61. doi: 10.1161/CIR.0000000000000509

. Lancellotti P, Price S, Edvardsen T, Cosyns B, Neskovic AN, Dulgheru R, et al.

The use of echocardiography in acute cardiovascular care: recommendations
of the European Association of Cardiovascular Imaging and the Acute
Cardiovascular Care Association. Eur Heart ] Acute Cardiovasc Care. (2015)
4:3-5. doi: 10.1177/2048872614568073

. Lancellotti P, Price S, Edvardsen T, Cosyns B, Neskovic AN, Dulgheru R, et al.

The use of echocardiography in acute cardiovascular care: recommendations
of the European Association of Cardiovascular Imaging and the Acute
Cardiovascular Care Association. Eur Heart ] Cardiovasc Imaging. (2015)
16:119-46. doi: 10.1093/ehjci/jeu210

Papadimitriou L, Georgiopoulou VV, Kort S, Butler ], Kalogeropoulos AP.
Echocardiography in acute heart failure: current perspectives. ] Cardiac Fail.
(2016) 22:82-94. doi: 10.1016/j.cardfail.2015.08.001

Kalogeropoulos AP, Georgiopoulou VV, Gheorghiade M, Butler J.
Echocardiographic evaluation of left ventricular structure and function:
new modalities and potential applications in clinical trials. J Cardiac Fail.
(2012) 18:159-72. doi: 10.1016/j.cardfail.2011.10.019

Curtis LH, Greiner MA, Shea AM, Whellan DJ, Hammill BG, Schulman KA,
et al. Assessment of left ventricular function in older Medicare beneficiaries
with newly diagnosed heart failure. Circ Cardiovasc Qual Outcomes. (2011)
4:85-91. doi: 10.1161/CIRCOUTCOMES.110.958587

Nicol ED, Fittall B, Roughton M, Cleland JG, Dargie H, Cowie MR. NHS heart
failure survey: a survey of acute heart failure admissions in England, Wales
and Northern Ireland. Heart. (2008) 94:172-7. doi: 10.1136/hrt.2007.124107
Nieminen MS, Brutsaert D, Dickstein K, Drexler H, Follath E Harjola VP,
et al. EuroHeart Failure Survey II (EHES II): a survey on hospitalized acute

and I believe that echocardiography should be used for the
management patients with acute HF in the clinical setting.

AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
has approved it for publication.

20.

21.

22.

23.

24,

25.

26.

27.

28.

heart failure patients: description of population. Eur Heart J. (2006) 27:2725-
36. doi: 10.1093/eurheartj/ehl193

Wang ], Khoury DS, Thohan V, Torre-Amione G, Nagueh SF.
Global diastolic strain rate for the assessment of left ventricular
relaxation and filling pressures.  Circulation. (2007) 115:1376-
83. doi: 10.1161/CIRCULATIONAHA.106.662882

Nagueh SE Smiseth OA, Appleton CP, Byrd BF III, Dokainish H, Edvardsen
T, et al. 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.
J Am Soc Echocardiogr. (2016) 29:277-314. doi: 10.1016/j.ech0.2016.01.011
Ito S, Dhesi S, Miranda WR, Geske JB, Anavekar NS, Morant K,
et al. Assessment of left ventricular filling pressure with Doppler
velocities across the patent foramen ovale. | Echocardiogr. (2021) 19:158-
65. doi: 10.1007/s12574-020-00509-2

Lassen MCH, Olsen FJ, Skaarup KG, Tolstrup K, Qasim AN, Gislason G, et al.
The clinical application of the ratio of transmitral early filling velocity to early
diastolic strain rate: a systematic review and meta-analysis. J Echocardiogr.
(2020) 18:94-104. doi: 10.1007/512574-020-00466-w

Forrester JS, Diamond GA, Swan HJ. Correlative classification of clinical
and hemodynamic function after acute myocardial infarction. Am J Cardiol.
(1977) 39:137-45. doi: 10.1016/S0002-9149(77)80182-3

Forrester JS, Waters DD. Hospital treatment of congestive heart failure.
Management according to hemodynamic profile. Am J Med. (1978) 65:173-
80. doi: 10.1016/0002-9343(78)90707-6

Chubuchny V, Pugliese NR, Taddei C, Poggianti E, Spini V, Barison A,
et al. A novel echocardiographic method for estimation of pulmonary artery
wedge pressure and pulmonary vascular resistance. ESC Heart Fail. (2021)
8:1216-29. doi: 10.1002/ehf2.13183

Iwano H, Shibayama K, Kitai T, Kusunose K, Onishi T, Tanaka H, et al.
Study protocol for prospect trial to elucidate the utility of echocardiography-
based cardiac output in acute heart failure (PREDICT). ] Echocardiogr. (2020)
18:235-9. doi: 10.1007/s12574-020-00470-0

Mitchell C, Rahko PS, Blauwet LA, Canaday B, Finstuen JA, Foster
MC, et al. Guidelines for performing a comprehensive transthoracic
echocardiographic examination in adults: recommendations from the
American Society of Echocardiography. ] Am Soc Echocardiogr. (2019) 32:1-
64. doi: 10.1016/j.ech0.2018.06.004

Ristow B, Na B, Ali S, Whooley MA, Schiller NB. Left ventricular outflow
tract and pulmonary artery stroke distances independently predict heart
failure hospitalization and mortality: the Heart and Soul Study. ] Am Soc
Echocardiogr. (2011) 24:565-72. doi: 10.1016/j.ech0.2010.12.024

Omote K, Nagai T, Iwano H, Tsujinaga S, Kamiya K, Aikawa T, et al.
Left ventricular outflow tract velocity time integral in hospitalized heart
failure with preserved ejection fraction. ESC Heart Fail. (2020) 7:167-
75. doi: 10.1002/ehf2.12541

Tan C, Rubenson D, Srivastava A, Mohan R, Smith MR, Billick K, et al.
Left ventricular outflow tract velocity time integral outperforms ejection
fraction and Doppler-derived cardiac output for predicting outcomes in
a select advanced heart failure cohort. Cardiovasc Ultrasound. (2017)
15:18. doi: 10.1186/s12947-017-0109-4

Nagueh SE, Bhatt R, Vivo RP, Krim SR, Sarvari SI, Russell K, et al.
Echocardiographic of hemodynamics in patients with
decompensated systolic heart failure. Circ Cardiovasc Imaging. (2011)
4:220-7. doi: 10.1161/CIRCIMAGING.111.963496

K, Deswal A, Chan W, Aguilar D, Bozkurt B.
Echocardiographic changes during treatment of acute decompensated

evaluation

Ramasubbu

Frontiers in Cardiovascular Medicine | www.frontiersin.org

November 2021 | Volume 8 | Article 740439


https://doi.org/10.1016/j.jacc.2013.11.053
https://doi.org/10.1161/CIRCHEARTFAILURE.118.004957
https://doi.org/10.1161/CIR.0b013e3182456d46
https://doi.org/10.1161/CIR.0b013e31823ac046
https://doi.org/10.1007/s12574-018-0396-2
https://doi.org/10.1093/eurheartj/ehs104
https://doi.org/10.1161/CIR.0000000000000509
https://doi.org/10.1177/2048872614568073
https://doi.org/10.1093/ehjci/jeu210
https://doi.org/10.1016/j.cardfail.2015.08.001
https://doi.org/10.1016/j.cardfail.2011.10.019
https://doi.org/10.1161/CIRCOUTCOMES.110.958587
https://doi.org/10.1136/hrt.2007.124107
https://doi.org/10.1093/eurheartj/ehl193
https://doi.org/10.1161/CIRCULATIONAHA.106.662882
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1007/s12574-020-00509-2
https://doi.org/10.1007/s12574-020-00466-w
https://doi.org/10.1016/S0002-9149(77)80182-3
https://doi.org/10.1016/0002-9343(78)90707-6
https://doi.org/10.1002/ehf2.13183
https://doi.org/10.1007/s12574-020-00470-0
https://doi.org/10.1016/j.echo.2018.06.004
https://doi.org/10.1016/j.echo.2010.12.024
https://doi.org/10.1002/ehf2.12541
https://doi.org/10.1186/s12947-017-0109-4
https://doi.org/10.1161/CIRCIMAGING.111.963496
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

lzumo

Echocardiography for Acute Heart Failure

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

heart failure: insights from the ESCAPE trial. J Cardiac Fail. (2012)
18:792-8. doi: 10.1016/j.cardfail.2012.08.358

Rudski LG, Lai WW, Afilalo ], Hua L, Handschumacher MD, Chandrasekaran
K, et al. Guidelines for the echocardiographic assessment of the right
heart in adults: a report from the American Society of Echocardiography
endorsed by the European Association of Echocardiography, a registered
branch of the European Society of Cardiology, and the Canadian
Society of Echocardiography. J Am Soc Echocardiogr. (2010) 23:685-
713. doi: 10.1016/j.ech0.2010.05.010

Maron BA, Kovacs G, Vaidya A, Bhatt DL, Nishimura RA, Mak S, et al.
Cardiopulmonary hemodynamics in pulmonary hypertension and heart
failure: JACC review topic of the week. ] Am Coll Cardiol. (2020) 76:2671-
81. doi: 10.1016/j.jacc.2020.10.007

Hayasaka K, Matsue Y, Kitai T, Okumura T, Kida K, Oishi S, et al. Tricuspid
regurgitation pressure gradient identifies prognostically relevant worsening
renal function in acute heart failure. Eur Heart ] Cardiovasc Imaging. (2021)
22:203-9. doi: 10.1093/ehjci/jeaa035

Fonarow GC, Heywood JT, Heidenreich PA, Lopatin M, Yancy CW.
Temporal trends in clinical characteristics, treatments, and outcomes for heart
failure hospitalizations, 2002 to 2004: findings from Acute Decompensated
Heart Failure National Registry (ADHERE). Am Heart J. (2007) 153:1021-
8. doi: 10.1016/.ahj.2007.03.012

Fonarow GC, Abraham WT, Albert NM, Gattis Stough W, Gheorghiade M,
Greenberg BH, et al. Influence of a performance-improvement initiative on
quality of care for patients hospitalized with heart failure: results of the
Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients
With Heart Failure (OPTIMIZE-HF). Arch Intern Med. (2007) 167:1493—
502. doi: 10.1001/archinte.167.14.1493

Heidenreich PA, Lewis WR, LaBresh KA, Schwamm LH, Fonarow GC.
Hospital performance recognition with the Get With The Guidelines Program
and mortality for acute myocardial infarction and heart failure. Am Heart J.
(2009) 158:546-53. doi: 10.1016/j.ahj.2009.07.031

Dunlay SM, Roger VL, Weston SA, Jiang R, Redfield MM.
Longitudinal changes in ejection fraction in heart failure patients
with preserved and reduced ejection fraction. Circ Heart Fail. (2012)
5:720-6. doi: 10.1161/CIRCHEARTFAILURE.111.966366

Borlaug BA, Redfield MM. Diastolic and systolic heart failure are distinct
phenotypes within the heart failure spectrum. Circulation. (2011) 123:2006—-
13. doi: 10.1161/CIRCULATIONAHA.110.954388

Adamopoulos S, Parissis T, EK,

Tliodromitis Paraskevaidis I,

Tsiapras D, Farmakis D, et al. Effects of levosimendan versus
dobutamine on inflammatory and apoptotic pathways in acutely
decompensated  chronic  heart failure. Am ] Cardiol. (2006)

98:102-6. doi: 10.1016/j.amjcard.2006.01.068
Basuray A, French B, Ky B, Vorovich E, OIlt C, Sweitzer NK,
et al. Heart failure with recovered ejection fraction: clinical

39.

40.

41.

42.

43.

44,

description, biomarkers, and outcomes. Circulation. (2014)
129:2380-7. doi: 10.1161/CIRCULATIONAHA.113.006855

Nadruz W Jr, West E, Santos M, Skali H, Groarke JD, Forman DE, et al.
Heart failure and midrange ejection fraction: implications of recovered
ejection fraction for exercise tolerance and outcomes. Circ Heart Fail. (2016)
9:€002826. doi: 10.1161/CIRCHEARTFAILURE.115.002826

Kobayashi M, Gargani L, Palazzuoli A, Ambrosio G, Bayés-Genis A, Lupon
J, et al. Association between right-sided cardiac function and ultrasound-
based pulmonary congestion on acutely decompensated heart failure: findings
from a pooled analysis of four cohort studies. Clin Res Cardiol. (2021)
110:1181-92. doi: 10.1007/s00392-020-01724-8

Staub LJ, Mazzali Biscaro RR, Kaszubowski E, Maurici R. Lung Ultrasound
for the emergency diagnosis of pneumonia, acute heart failure, and
exacerbations of chronic obstructive pulmonary disease/asthma in adults:
a systematic review and meta-analysis. | Emerg Med. (2019) 56:53-
69. doi: 10.1016/j.jemermed.2018.09.009

Picano E, Scali MC, Ciampi Q, Lichtenstein D. Lung ultrasound
for the cardiologist. JACC Cardiovasc Imaging. (2018) 11:1692-
705. doi: 10.1016/j.jcmg.2018.06.023

Gargani L, Pugliese NR, Frassi F, Frumento P, Poggianti E, Mazzola M,
et al. Prognostic value of lung ultrasound in patients hospitalized for heart
disease irrespective of symptoms and ejection fraction. ESC Heart Fail. (2021)
8:2660-9. doi: 10.1002/ehf2.13206

Seferovic PM, Ponikowski P, Anker SD, Bauersachs J, Chioncel O, Cleland
JGE, et al. Clinical practice update on heart failure 2019: pharmacotherapy,
procedures, devices and patient management. An expert consensus meeting
report of the Heart Failure Association of the European Society of Cardiology.
Eur ] Heart Fail. (2019) 21:1169-86. doi: 10.1002/ejhf.1531

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Izumo. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

November 2021 | Volume 8 | Article 740439


https://doi.org/10.1016/j.cardfail.2012.08.358
https://doi.org/10.1016/j.echo.2010.05.010
https://doi.org/10.1016/j.jacc.2020.10.007
https://doi.org/10.1093/ehjci/jeaa035
https://doi.org/10.1016/j.ahj.2007.03.012
https://doi.org/10.1001/archinte.167.14.1493
https://doi.org/10.1016/j.ahj.2009.07.031
https://doi.org/10.1161/CIRCHEARTFAILURE.111.966366
https://doi.org/10.1161/CIRCULATIONAHA.110.954388
https://doi.org/10.1016/j.amjcard.2006.01.068
https://doi.org/10.1161/CIRCULATIONAHA.113.006855
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002826
https://doi.org/10.1007/s00392-020-01724-8
https://doi.org/10.1016/j.jemermed.2018.09.009
https://doi.org/10.1016/j.jcmg.2018.06.023
https://doi.org/10.1002/ehf2.13206
https://doi.org/10.1002/ejhf.1531
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Value of Echocardiography in the Treatment of Patients With Acute Heart Failure
	Introduction
	Etiology of HF
	Evaluation of Hemodynamics
	Assessment of Cardiac Function
	Additive Value of Lung Ultrasound
	Conclusions
	Author Contributions
	References


