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Abstract: Background and Objectives: The introduction of portable ultrasound devices has
transformed clinical practice in emergency medicine. Diagnostic accuracy and patient
safety have been enhanced by point-of-care ultrasonography (POCUS), which has become a
fundamental diagnostic and procedural tool. In addition to the standard clinical evaluation,
POCUS provides quick patient assessments, allowing for the exclusion of life-threatening
conditions and prognostication in different critical situations. Tissue Doppler imaging
(TDI), as an advanced echocardiographic technique, offers additional quantitative data by
measuring myocardial velocities, thereby improving the evaluation of systolic and diastolic
ventricular function. The purpose of this review is to highlight the potential use of TDI in
multiple acute and critical conditions. Materials and Methods: We conducted a narrative
review of the main application topics for TDI. Results: TDI is an essential diagnostic and
prognostic tool for acute coronary syndromes, assessing systolic or diastolic dysfunction,
and etiological diagnosis of acute heart failure. It helps differentiate cardiogenic pulmonary
edema from acute respiratory distress syndrome and identifies right ventricular systolic
dysfunction in acute pulmonary embolism. TDI also facilitates distinctions between hyper-
tension emergencies and urgencies and contributes to the stratification of atrial fibrillation
reoccurrence risk. Furthermore, it aids in the differentiation of constrictive pericarditis from
other restrictive cardiomyopathy patterns. In intensive care settings, TDI is particularly
valuable during mechanical ventilation weaning, where elevated E/E’ values serve as a
predictor of weaning failure. Due to its accessibility, rapid execution, and high reproducibil-
ity, it is suitable for longitudinal monitoring. Conclusions: TDI enhances the diagnostic
precision, guides therapeutic strategies, and provides critical prognostic insights across a
wide range of time-sensitive clinical scenarios, solidifying its role as an indispensable tool
in modern emergency and critical care practice.

Keywords: tissue Doppler imaging; acute care; diastolic dysfunction; point-of-care
ultrasound; echocardiography; emergency medicine; intensive care

1. Introduction

The development of portable ultrasound devices over the past four decades has en-
abled clinicians to use ultrasounds across a wide range of clinical scenarios. Point-of-care
ultrasound (POCUS) has evolved as an extension of the physical examination, enhancing
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diagnostic accuracy and becoming an essential tool for safely performing invasive proce-
dures. In emergency medicine, POCUS helps to identify high-risk conditions, allowing for
rapid and appropriate treatment, while also offering valuable prognostic information [1].

In this context, echocardiography plays a central role in the assessment of a wide
range of clinical presentations (e.g., chest pain, dyspnea, and syncope), quickly confirming
or ruling-out life-threatening conditions at the bedside, such as acute coronary syndrome,
pulmonary embolism, heart failure, pericardial effusion with or without cardiac tamponade,
and undifferentiated shock [2-6]. In addition to the standard evaluation, tissue Doppler
imaging (TDI) may provide additional insights in several clinical scenarios, becoming a
useful tool also in the field of emergency medicine. The aim of this review is to provide a
summary of the current evidence regarding the use of TDI in critically ill patients, from the
emergency department to the intensive care unit.

2. Materials and Methods

A narrative review was conducted to provide a comprehensive overview of the applica-
tions of tissue Doppler imaging (TDI) in acute and critical care settings. The main objective
was to synthesize the existing literature concerning the diagnostic and prognostic value of
TDI across a wide range of urgent clinical scenarios, including acute coronary syndromes,
acute heart failure, pulmonary embolism, hypertensive crises, septic cardiomyopathy, atrial
fibrillation, constrictive pericarditis, and weaning from mechanical ventilation.

2.1. Literature Search and Study Selection

An extensive search of the literature was carried out using electronic databases like
PubMed, Embase, and the Cochrane Library, including all publications published between
the study’s inception and May 2025. The search strategy combined key terms and Med-
ical Subject Headings (MeSH) including “Tissue Doppler Imaging” (TDI), “acute care”,
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“critical care”, “emergency medicine”, “intensive care”, along with more specific disease-
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related keywords such as “acute coronary syndrome”, “acute heart failure”, “pulmonary
embolism”, “hypertensive crisis”, “septic cardiomyopathy”, “atrial fibrillation”, and “con-
strictive pericarditis”. The search was enhanced by using Boolean operators and relevant
synonyms.

Studies with relevant data on the use of TDI in the clinical settings of interest were iden-
tified after screening their titles and abstracts. The full texts of potentially relevant articles
were subsequently retrieved and evaluated. In addition, reference lists of selected articles
were manually reviewed to identify any further relevant studies. Given the narrative nature
of this review, no formal quality assessment or meta-analysis was performed. Instead, the

emphasis was placed on capturing a broad perspective of the emerging evidence.

2.2. Data Extraction and Synthesis

Multiple authors performed data extraction independently to gather critical study
characteristics. The TDI parameters, diagnostic thresholds, prognostic implications, study
design, and sample characteristics were the information collected. The findings from the
selected studies were then synthesized qualitatively to provide an integrated discussion of
the technical features and reproducibility of TD], its clinical applications for rapid bedside
diagnosis, its advantages and limitations in various acute settings, and the role of TDI
parameters as predictors of adverse outcomes. By integrating heterogeneous findings, this
narrative synthesis was able to create a cohesive assessment of TDI's utility in improving
the diagnostic precision and guiding therapeutic decisions in time-sensitive environments.
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2.3. Ethical Considerations

As this review was based exclusively on previously published studies and publicly
available data, no original human or animal research was performed, and therefore, ethical
approval was not required.

3. Tissue Doppler Imaging Characteristics

TDI evaluates myocardial velocities during both contraction and relaxation of the
ventricles via the Doppler effect of the reflected ultrasounds. Similar to the pulsed-wave
Doppler technique, TDI measures systolic and diastolic velocities throughout the cardiac
cycle, typically at the level of the mitral and tricuspid annuli in the apical four-chamber
view. TDI can be performed quickly, easily, and reproducibly and provide quantitative
information with established prognostic value [7]. TDI cannot differentiate whether the

analyzed segment is in active contraction or passive movement due to the angle dependence
(Table 1) [8].

Table 1. Advantages and limitations of TDI in critically ill patients.

Advantages Limitations

e  [Easily and rapidly performed. e  Acoustic window dependency.

e Bed-sided examination. e Angle dependency.

e  Reproducible. e  Operator training and experience.

e  Quantitative. e It does not distinguish between active

e Diagnostic and prognostic contraction and passive myocardial
information. motion.

Current applications include the assessment of both biventricular systolic and diastolic

function (Figure 1).

Figure 1. Tissue Doppler imaging (TDI) of a normal subject, obtained at the level of the inferior
septum (1) and lateral wall (2) of the left ventricle, and the lateral wall of the right ventricle (3),
showing normal systolic (S") and diastolic (E” and A’) velocities.

Left ventricular (LV) systolic function is assessed by measuring peak systolic mitral
annular velocity (5§”), which is associated with an ejection fraction (EF) greater than 50%
when >5.4 cm/s, with an 88% sensitivity and 97% specificity [9]. Similarly, the peak systolic
velocity of the tricuspid annulus can be used to evaluate the right ventricular (RV) systolic
function, with a cutoff value of 9.5 cm/s [10]. TDI can be used for non-invasive estimation
of LV filling pressure when assessing LV diastolic function. According to the guidelines, a
septal mitral annular protodiastolic velocity (E’) <7 cm/s or a lateral E’ <10 cm/s along
with a ratio of early diastolic transmitral flow velocity (E) to average E’ (E/E’) > 14 is
indicative of diastolic dysfunction and elevated LV filling pressure [11].
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4. TDI in Acute Coronary Syndrome (ACS)

Coronary artery disease (CAD) remains a major health concern around the world and
is responsible for both morbidity and mortality [12,13]. CAD can lead to different degrees of
cardiac dysfunction, including a reduction in both regional LV and global systolic function,
as well as diastolic dysfunction, which are associated with major adverse cardiovascular
events (MACEs) [14,15]. The diagnosis and prognostic stratification of these patients, both
acute and chronic, require a precise assessment of LV function.

Acute coronary syndromes (ACS) encompass a spectrum of conditions characterized
by symptoms and signs of acute cardiac ischemia [16]. In this context, transthoracic
echocardiography is valuable for detecting signs of ongoing ischemia, previous myocardial
infarction, and its associated complications [16]. In addition, several echocardiographic
parameters, such as the reduction of LV ejection fraction (LVEF; <40%) and tricuspid
annulus plane systolic excursion (TAPSE; <17 mm), the mitral inflow E-wave deceleration
time, the E/E' ratio, and the mitral regurgitation (MR) have been associated with increased
MACESs and mortality in patients with ACS [16,17].

TDI has the potential to be a helpful tool for these patients. Systolic and early dias-
tolic velocities (i.e., S and E’) can be used as early indicators of cardiac ischemia, often
preceding the impairment of conventional echocardiographic parameters. Derumeaux
et al. demonstrated that S” and E’ are highly sensitive to ischemia, which typically causes a
reduction in both velocities [18]. In contrast, the late diastolic velocity (i.e., A’) increases
during acute ischemia [18]. This phenomenon likely results from the high energy demands
of both systolic contraction and early diastolic relaxation, making them highly sensitive to
interruptions in oxygen supply [19].

Beyond identifying myocardial ischemia, the impairment of systolic and diastolic
TDI velocities can provide relevant prognostic information. In a cohort of patients with
ST-elevation myocardial infarction, Biering-Serensen et al. demonstrated a more than
2-fold increased risk of death, heart failure (HF), or new myocardial infarction in patients
with reduced S” and E’ velocities, independent of other conventional echocardiographic
parameters [20].

The primary difference is that TDI determines the actual velocity of the myocardial
tissue, while classic echocardiography primarily relies on visual assessments of wall motion.
Objective, quantitative data from TDI in ACS can detect subtle regional dysfunction,
changes in myocardial motion, and deformation which may not be visible in conventional
echo [21]. The early detection of ischemia can be achieved by quantifying systolic and
diastolic tissue velocities using TDI, which can also derive the strain and the strain rate [22].
The sensitivity of this tool makes it more effective in detecting early or minor myocardial
abnormalities in ACS, potentially leading to faster diagnosis and intervention.

Recently, the EAS index, a parameter derived from TDI that comprehensively assesses
diastolic and systolic function, calculated as [E’/(A’ x S)], has been proposed for the
prognostic stratification of patients with ischemic heart disease [19,23]. In a population of
415 patients with obstructive CAD, an elevated EAS index (i.e., >9.15) was significantly
associated with a higher incidence of MACEs, including myocardial infarction, stroke,
readmission for HF, coronary revascularization, and cardiovascular death within 6 months
from first admission, particularly in those with an LVEF > 50% [19,23].

5. TDI in Acute Heart Failure (AHF)

The European Society of Cardiology defines heart failure (HF) as a clinical syndrome
characterized by typical symptoms and signs due to a structural and/or functional abnor-
mality of the heart, resulting in increased intracardiac pressures and/or inadequate cardiac
output at rest and/or during exercise [24]. Systolic or diastolic dysfunction, or both, can
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cause HF. Acute heart failure (AHF) is characterized by the rapid and progressive onset of
symptoms and signs, often necessitating urgent medical evaluation and often leading to
unplanned hospital admissions. The clinical presentation is variable, ranging from acute
decompensated HF, acute pulmonary edema, and cardiogenic shock.

Echocardiography is recommended as the primary diagnostic tool for the assessment
of cardiac function in patients with suspected acute and chronic HF [25]. It should provide
the LVEF as a traditional measure of systolic function, along with other relevant parameters,
including chambers size, regional wall motion abnormalities, diastolic, RV, and valvular
function, pulmonary pressure, and signs of congestion [25].

Beyond the diagnosis, echocardiography findings are also useful in identifying some
etiologies of AHEF, as proposed by the guidelines through the acronym CHAMPIT, including
ACS, hypertensive emergencies, arrthythmias, acute mechanical causes, acute pulmonary
embolism, infection, and tamponade [25].

Even in this context, TDI provides valuable information (Figure 2), especially in
estimating LV filling pressure. Classic echocardiography and tissue Doppler imaging (TDI)
each contribute unique insights when evaluating acute heart failure, and their differences
can be appreciated by considering how they approach the heart’s structure and function.
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Figure 2. Tissue Doppler imaging (TDI) of a patient with dilated cardiomyopathy (1) showing a
marked reduction in systolic and diastolic velocities at the inferior septum (2) and lateral wall (3) of
the left ventricle, consistent with impaired systolic and diastolic function.

Classic echocardiography has traditionally focused on the heart’s overall anatomy and
global function. Clinicians rely on it to assess chamber sizes, wall motion, and the ejection
fraction, which are crucial for rapidly identifying significant abnormalities in an emergency
scenario. This method in AHF offers a solid, visual representation of the heart’s structural
integrity and gross performance. Yet because this technique largely relies on subjective
interpretation—such as judging wall motion visually—it may not capture more subtle
functional impairments, especially in instances where global measures like the ejection
fraction appear normal [26]. TDI measures the velocity of the myocardial tissue during its
contraction and relaxation phases. More sensitive detection of dysfunction, particularly
diastolic abnormalities, can be achieved by focusing on the tissue velocities [27]. For ex-
ample, TDI can quantify the early diastolic velocity (commonly referred to as E’), which
when combined with traditional transmitral flow measurements (E), helps with calculating
the E/E’ ratio, which is a useful estimate of left ventricular filling pressures. These mea-
surements have been proven to be highly valuable in AHF, where the early detection of
subtle dysfunction can be crucial for guiding therapeutic decisions [28]. While conventional
echocardiography remains indispensable for assessing overall cardiac structure and for
identifying obvious mechanical issues such as significant valvular disease or gross systolic
dysfunction, TDI complements this evaluation by revealing finer details about myocardial
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performance. In the event of AHF, where rapid and precise management is crucial, TDI
offers additional quantitative data that can have an immediate impact on the treatment
decisions. By combining these techniques, a comprehensive diagnostic picture is created
that combines structural assessments with dynamic, function-based insights, resulting in
improved overall management of patients with AHF [29].

As already mentioned, a septal E’ velocity < 7 cm? and an average E/E’ ratio > 14, along
with an increased left atrial volume and tricuspid regurgitation velocity, are supportive
of the presence of diastolic dysfunction and elevated LV filling pressure [30]. If the LVEF
is preserved, these parameters can be beneficial in patients with dyspnea and signs of
congestion [31,32].

The E/E’ ratio is accurate for the diagnosis of AHF, either in patients with reduced or
preserved EF, maintaining a high diagnostic accuracy even in patients with inconclusive
B-type natriuretic peptide (BNP) levels [33]. The E/E’ ratio and N-terminal pro-B-type
natriuretic peptide (NT-proBNP) levels significantly correlate with the presence of B-lines
on lung ultrasound [34,35], and were identified as independent predictors of cardiac death
or hospitalization for worsening HF during a short follow-up in a cohort of patients
admitted for acute or decompensated chronic HF (E/E’ ratio Hazard Ratio 1.047, 95%
C.I. 1.006-1.090, p = 0.025; NT-proBNP HR 3.751, 95% C.I. 1.834 —7.767, p < 0.0001) [29].
According to a recent systematic review, mortality in critically ill patients was related to
TDI indices of diastolic dysfunction [36,37].

Cardiogenic pulmonary edema is caused by an abrupt increase in cardiac filling
pressures, which results in the rapid accumulation of fluid in the alveolar spaces. Diffuse
alveolar filling without any elevation in the pulmonary capillary wedge pressure (PCWP)
differentiates non-cardiogenic pulmonary edema [38]. Invasive PCWP measurements are
typically used to make a differential diagnosis between these two conditions. Because it
is invasive and has no significant impact on the prognosis, right heart catheterization is
being performed less frequently in critically ill patients [39,40]. An elevated E/E’ ratio is
widely accepted as a proxy for higher LV and pulmonary pressures [41]. The absence of
Berlin criteria for ARDS and the presence of elevated LV filling pressures can be used to
distinguish cardiogenic from non-cardiogenic pulmonary edema [42].

In the assessment of systolic HF, TDI offers a complementary method for semi-
quantitative confirmation of systolic dysfunction by analyzing the S” wave velocity [43].
Specifically, a cutoff value of 6.8 cm/s for the S’ velocity correlates with LV systolic dys-
function with an EF < 50% (sensitivity of 94.1% and specificity of 87%) [44].

Finally, TDI serves as a robust predictor of mortality. Specifically, 5’ <3 cm/s,
E’ <3 cm/s, A’ <4 cm/s, and E/E’ > 20 were strongly associated with an increased risk of
cardiac death within the following two years.

6. TDI in Hypertension

A hypertensive emergency (HE) is characterized by a sudden and severe increase
in blood pressure that exceeds 180/120 mmHg. Assessing potential organ damage to
the heart, brain, or kidneys is crucial when blood pressure exceeds these values [45].
Severe complications, such as acute intracerebral hemorrhage, ischemic stroke, or AHF, are
connected to HEs.

The early identification of organ damage through a complete echocardiographic
evaluation using TDI could have a significant impact on the clinical management and
treatment strategies for these patients. Left ventricular hypertrophy, chamber dilatation,
or wall motion abnormalities can be identified through classic echocardiography. TDI
is capable of discovering a ratio of E/E’ >15, which is often found in individuals with
hypertension and associated end-organ damage [46]. The identification of subclinical
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damage through the E/E’ ratio may speculatively lead to a reclassification of hypertension
emergencies, suggesting a more aggressive treatment strategy in this setting.

7. TDI in Septic Cardiomyopathy

The increasing use of bedside ultrasounds has led to the identification of multiple
forms of septic-related heart disease in recent years [47]. Inflammatory activation and
hemodynamic stress are two mechanisms that contribute to the pathogenesis of sepsis-
related heart disease [48,49].

Right ventricle systolic dysfunction and left ventricle diastolic dysfunction can affect
the prognosis of septic patients, alongside left ventricle systolic dysfunction [47,48,50].
Sanfilippo et al. performed an analysis of 636 patients with sepsis and septic shock and
found that almost 50% had some degree of diastolic dysfunction, as confirmed through
TDI [51]. Diastolic dysfunction resulted in almost twice the risk of mortality (RR 1.82; 95%
CI 1.12-2.97). In contrast, this outcome was not influenced by systolic dysfunction. Based
on this observation, it can be concluded that a comprehensive echocardiographic study
which includes TDI is effective in identifying patients who are at increased risk of adverse
events in whom closer monitoring and more targeted therapy may be advantageous [52].
In fact, classic echo typically evaluates global parameters, such as the ejection fraction and
wall motion, without being able to capture the subtle, regional dysfunction that sepsis may
induce. In contrast, TDI directly quantifies the velocities of the myocardial tissue, making
it more sensitive to early impairments in both systolic and diastolic function. For instance,
even if the ejection fraction appears normal in septic patients, TDI can reveal reduced
systolic velocities (S') and impaired diastolic relaxation (via a decreased E’ velocity) that
indicate intrinsic myocardial depression [53]. The E/E’ ratio, which is derived by combining
TDI and mitral inflow data, further helps estimate left ventricular filling pressures, which
is pivotal in managing these critically ill patients. In the presence of an elevated filling
pressure, it may be advantageous to avoid fluid overload and administer vasoactive agents
early, as an example [54].

8. TDI in Atrial Fibrillation

Atrial fibrillation (AF) is a common heart rhythm disorder, and is linked to increased
rates of hospitalization, complications and mortality, often due to coexisting medical
conditions [55,56]. HF is one of the most common non-fatal outcomes in patients with
AF affecting approximately half of these individuals over time [57]. In fact, patients with
AF have a four- to five- fold increase in the relative risk of HF compared to those without
AF [58,59]. Ischemic stroke, ischemic heart disease, and other thromboembolic events are
all common adverse outcomes [56,59,60].

In AF, one of the key challenges is assessing the extent of atrial remodeling and electri-
cal conduction abnormalities, which are central to both the initiation and the maintenance
of the arrhythmia. TDI can quantify atrial electromechanical delays by measuring parame-
ters such as the PA-TDI duration, defined as the interval between the onset of the P-wave
in an ECG and the peak in the atrial contraction velocity at the lateral mitral annulus. This
measurement reflects the total atrial conduction time and offers a surrogate for the degree
of atrial fibrosis and remodeling. An increased PA-TDI duration has been associated with a
higher risk of developing AF and with a reduced likelihood of successful rhythm control
interventions [61].

The second focus is on evaluating diastolic dysfunction, which is a common occurrence
in patients with both AF and HE. Despite some potential pitfalls, such as variability in the R-
R interval, echocardiography demonstrates good overall accuracy in detecting elevated LV
filling pressures, especially in patients with AF [62]. In this context, a septal E/E’ ratio > 11
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is one of the supportive parameters for diagnosing elevated LV filling pressures [63]. As
emphasized by the guidelines, the lateral €’ velocity is more affected by R-R interval
variability, with the use of septal e’ alone recommended for this reason [63].

In addition, the E/E’ ratio is a valuable parameter for stratifying the risk of AF
recurrence and assessing the associated risk of morbidity and mortality [64]. Furthermore,
by providing sensitive quantitative data that may not be apparent in conventional imaging,
TDI helps clinicians stratify risk and monitor the progression of atrial remodeling better and
potentially guides therapeutic strategies, such as the decisions regarding rhythm control
versus rate control or the need for more intensive monitoring post-ablation. The underlying
atrial substrate that predisposes patients to AF can be refined further using TDI, which
complements the standard echocardiographic measures [65] An independent association
between higher LV filling pressures and an increased risk of death was found in a large
study of patients with AF who underwent baseline transthoracic echocardiography [66].
An E/E’ ratio of 13 or higher significantly improves the prediction of death beyond other
clinical factors [66]. Furthermore, the E/E’ ratio can predict left atrium appendage thrombi,
neurological events, and cardiovascular events with high accuracy beyond the CHA2DS2-
VASC score [67,68]. The E/E’ ratio also predicts the risk of AF recurrence after electrical
cardioversion and catheter ablation [69,70]. In a study enrolling 127 patients with persistent
AF, a septal E/E ratio of >11 was a predictor of AF recurrence, along with a duration of AF
> 90 days before cardioversion [59,60]. Similarly, an average E/E’ ratio > 13 was associated
with an increased recurrence rate at 12 months in a cohort of 198 patients with a normal
LVEF who underwent catheter ablation [69,70].

Measurements of the S” and E’ velocities have been shown to have a prognostic
relevance in patients with HF with a preserved EF and AF, along with the E/E’ ratio. In a
study by Shin et al. S” velocity <5 cm/s and E” <7 cm/s were independently associated
with the risk of cardiovascular death, recurrent HF, and ischemic stroke, particularly when
both present (HR 12.2, 95% CI 1.62-92.5; p = 0.015) [71].

9. TDI in Acute Pulmonary Embolism

Venous thromboembolism (VTE), which manifests clinically as deep vein thrombosis
or pulmonary embolism (PE), is the third most common acute cardiovascular disorder
worldwide, after myocardial infarction and stroke [67]. PE has an annual incidence rate of
39 to 115 cases per 100,000 individuals, with a rise in incidence rates and a decline in mor-
tality [72]. Approximately half of all PE cases are diagnosed in emergency settings, where
timely identification and treatment have been shown to significantly improve outcomes
and increase survival rates [73].

In the context of PE, an acute increase in pulmonary vascular resistance can strain the
right ventricle (RV), making its functional assessment crucial. Echocardiography shows
several typical findings in PE (Figure 3), including RV dilatation, paradoxical motion of the
interventricular septum, the “60/60 sign” (i.e., pulmonary flow acceleration time < 60 msec
with a tricuspid regurgitation pressure gradient < 60 mmHg), and the presence of right
heart thrombi [67,74]. Furthermore, acute PE may cause global RV hypokinesia, with
preserved apical contraction (i.e., McConnell’s sign). If TAPSE values are lower than
16 mm, particularly with elevated pulmonary pressures, this can indicate right systolic
dysfunction linked to PE [67,74]. However, traditional echocardiography is typically used
to detect gross changes in the RV—such as dilation, interventricular septal flattening, and a
decreased RV fractional area—thereby providing an overall assessment of RV strain and
potential hemodynamic compromise. TDI can measure the RV’s peak systolic velocity
(S') in an acute PE setting; if S’ decreases, impaired systolic function is suspected, even if
the conventional measurements are borderline [75] The S’ velocity (Figure 3) in TDI can
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be used as an indicator of RV systolic function and has a moderate correlation with the
MRI-derived RVEF [76].

Figure 3. Transthoracic echocardiography of a patient with massive pulmonary embolism showing
right ventricular dilatation (1); signs of pressure overload (2); reduced longitudinal function, as
demonstrated by a reduced tricuspid annular plane systolic excursion (3); and reduced systolic
velocity (S’) of the right ventricular lateral wall in tissue Doppler imaging (4).

A value less than 9.5 cm/s is regarded as abnormal and is associated with RV systolic
dysfunction [75,77]. The sensitivity of TAPSE and TDI as standalone indicators is limited.
However, a reduced S’ velocity in PE is associated with a worse prognosis, even if it is not
an independent predictor of mortality [72].

RV diastolic dysfunction can be detected using TDI in patients with a recent history of
PE. In a study by Dentali et al., RV diastolic dysfunction, defined by an E’/ A’ ratio < 1, was
observed in more than half of the patients with a recent PE [76].

Another TDI-derived parameter is the Myocardial Performance Index (MPI), which
is calculated as the time interval from the onset of isovolumic contraction to the end of
isovolumic relaxation, divided by the ventricular ejection time. The MPI is significantly
higher in patients with PE, primarily due to the prolongation of IVRT. MPI values greater
than 0.55 have a sensitivity of 85% and a specificity of 78% in identifying PE [78,79]. Another
useful parameter is called the M index, which consists of the peak early diastolic mitral
inflow velocity divided by the RV MPI. The diagnosis of PE is highly sensitive and specific
when these values are below 112 [73]. These values are useful also during follow-up, as they
tend to normalize one month following effective treatment [74]. The MP1 is also valuable
for differentiating patients with pulmonary arterial hypertension (PAH) from those with
acute PE, with these values being lower in the latter group [73,74].
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10. TDI in Constrictive Pericarditis

Constrictive pericarditis (CP) is a condition in which a thickened and stiff pericardium
restricts the normal filling of the heart chambers, ultimately leading to heart failure due
to increased filling pressures and decreased cardiac output [80]. Several causes have
been described, including viral and bacterial infections (e.g., tuberculosis), previous chest
radiation therapy, and cardiac surgery [81]. Elevated ventricular filling pressures and
interdependence of the ventricular system must be demonstrated for diagnosis [8].

Echocardiography is the first-line imaging technique in patients with suspected CP.
While the classic echocardiographic techniques rely on features such as septal bounce and
respiratory variations in ventricular filling to suggest constriction, TDI can offer a more
quantitative assessment of myocardial motion. TDI is an essential tool for echocardio-
graphic evaluation, revealing some distinctive signs [82]. Early diastolic velocity (E’) in
TDl is a crucial measure that can be measured at both the basal septum and the lateral wall
of the LV. In CP, the septal E’ velocity is generally maintained or even increased, while
the lateral E” velocity is usually decreased [83]. This pattern, known as annulus reversus,
occurs because the constricting pericardium delays the movement of the lateral wall, while
the septal E” velocity increases due to the compensatory exaggerated longitudinal motion of
the interventricular septum [84]. Another distinctive sign is a normal E/E ratio despite the
presence of elevated LV filling pressures, due to a normal or an increased septal e’ velocity,
which is known as annulus paradoxus. In patients with CP, the E/E’ ratio and PCWP have
been found to have an inverse correlation [85].

Another important factor in TDI analyses of CP is the assessment of respiratory
variations in myocardial velocities. The respiratory cycle causes variations in intrathoracic
pressure, which affect the dynamics of ventricular filling. These variations can be captured
using TDI, with CP displaying exaggerated respiratory changes in E” velocities, which are
higher during expiration [86].

By combining transmitral and trans-tricuspid pulsed-wave Doppler studies, the di-
agnosis is made more refined because it reveals a restrictive filling pattern and significant
respiratory variations in the early filling (E) flow velocity [81].

11. TDI in the Weaning from Invasive Mechanical Ventilation

While the criteria for initiating mechanical ventilation, whether invasive or non-
invasive, are well-established, the criteria for weaning remain poorly defined. Early
weaning can result in reintubation due to failure to wean. On the other hand, patients
with respiratory failure who receive prolonged mechanical ventilation have an increased
mortality rate [87-89].

The complex interactions between the heart and lungs that occur during ventilation
can lead to weaning failure, and cardiac dysfunction is the most common cause [90]. The
promise of TDI in this context is its sensitivity; detecting early impairments in contractile
performance may help predict which patients are likely to succeed with breathing indepen-
dently once extubated and which may still be at risk of weaning failure [91]. Failure to wean
was significantly correlated with a lower E’ velocity and a higher E/E’ ratio, along with a
higher E wave velocity [92]. Interestingly, the left ventricle ejection fraction, unlike these
parameters, is not associated with success or weaning failure [91,92]. The easy repeatability
of TDI studies makes these parameters particularly useful for monitoring individual pa-
tients over time, aiding in the determination of the optimal timing for successful extubation.
Its widespread adoption is currently hindered by technical challenges, such as maintaining
an optimal angle of insonation and standardizing the measurement techniques.
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TDI provides an intriguing and quantitative method for evaluating diaphragmatic
performance while weaning from mechanical ventilation [93]. In this setting, the technique
involves using ultrasound to measure the velocity of diaphragmatic motion—essentially
capturing how quickly the diaphragm contracts [94]. Quantitative data can be particularly
useful in identifying subtle diaphragmatic dysfunctions that may not be evident when
using the conventional ultrasound methods, like simply assessing diaphragmatic excursion
or the thickening fraction [95].

12. Discussion

TDI is a valuable tool in clinical practice because it has multiple advantages across a
range of acute clinical scenarios, as highlighted in Table 2. TDI's strengths are particularly
evident in time-sensitive environments such as emergency medicine, where clinicians can
obtain critical functional data on demand through its rapid execution and accessibility. At
its core, TDI leverages the Doppler principle to measure the velocity of the myocardial and
diaphragmatic tissues [7,8], rather than measuring blood flow. This offers a high temporal
resolution that is essential for detecting subtle changes in cardiac mechanics, such as minor
impairments in contractility or early diastolic dysfunction. For example, while conventional
echocardiography provides a qualitative—and sometimes subjective—assessment of global
cardiac function (such as the chamber dimensions and overall wall motion), TDI delivers
precise, numerical values. Parameters such as systolic tissue velocity (') and early diastolic
velocity (E') allow for an objective evaluation of systolic and diastolic function, respectively.
More importantly, the calculated E/ e’ ratio serves as an effective non-invasive index of left
ventricular filling pressures [11,31], which are often altered in early disease states. TDI's
quantitative capability enables the detection of early functional abnormalities [9,10,20]
before they become clinically apparent or cause overt dysfunction. The clinical impact of
TDI is demonstrated through its use in acute myocardial infarction [18,20]. Local regions
of the myocardium may have impaired contractility despite a preserved ejection fraction,
and this can be detected through a reduction in S’ velocities. Early detection is crucial
for risk stratification, as it can identify at-risk myocardial segments before permanent
damage occurs, which allows for prompt and targeted intervention. Another setting in
which TDI makes a significant difference is acute heart failure [24,25,28,29]. In many cases,
patients with heart failure may have a normal global systolic function but experience
substantial diastolic dysfunction. A reduction in E velocity, together with an elevated E/E’
ratio, provides clear evidence of impaired relaxation and increased filling pressures. These
findings not only help differentiate the severity and type of heart failure but also inform
the decisions regarding therapeutic adjustments—whether tailoring diuretic regimens or
optimizing the afterload reduction to manage the hemodynamic state better. Beyond left
ventricular evaluations, TDI’s utility extends to assessing other critical functions. Mea-
surements of the tricuspid annular systolic velocity (S') are a sensitive indicator of right
ventricular dysfunction in pulmonary embolism [67,74,75], for instance. TDI can be uti-
lized to measure the tissue velocity and contractile performance of the diaphragm during
mechanical ventilation weaning. By identifying subtle diaphragmatic dysfunctions that
may not be evident when using the standard ultrasound techniques [93,94], this application
may aid in predicting weaning success or failure. TDI has an additional advantage in its
repeatability and reproducibility. Because TDI generates numerical, observer-independent
data, clinicians can reliably monitor changes over time [9,10]. When managing critically
ill patients, these serial assessments are invaluable because they allow for the continuous
evaluation of therapeutic interventions and the early detection of evolving dysfunction. In
summary, TDI has emerged as a powerful adjunct to conventional echocardiography by
providing detailed, real-time quantitative insights into both myocardial and diaphragmatic
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performance. Whether it is utilized to detect early regional dysfunction in myocardial
infarction, uncover diastolic abnormalities in acute heart failure [24,25,28,29], evaluate the
right ventricular response in pulmonary embolism, or assess diaphragmatic function dur-
ing weaning from ventilatory support, TDI enriches clinicians” diagnostic and monitoring
toolbox. In acute care settings, TDI will become a more important component of rapid,
diagnosis-driven management, leading to more timely and effective patient care as the
technology advances and standardization improves.

Table 2. A summary of the applications of TDI in major acute conditions and the level of evidence.

C11n1<3a.1 Clinical Impact Performance Cutoff Value LOE
Condition
Early identification of Reduction of S’ > 30%
Diagnosis of systolic and acute ischemia (sensitivity =~ from basal value Level 4
diastolic dysfunction 75-90%,; specificity E' <6cm/s
Acuotle coronary 80-90%) A’>10cm/s
syndrome
y Reduction of S’ correlates
Prognosis with increased overall S"<5cm/s Level 4
mortality (HR 1.5-2)
S’ correlate with LVEF < - Systolic dysfunction
Diagnostic of systolic or 50% with sensibility of S'<68cm/s
diastolic dysfunction. 94% and specificity - Diastolic dysfunction ~Level 4
of 87%. E/E">15
- Preserved LV systolic
function - Preserved LV systolic
Diagnosis of acute heart AUC = 0.875 function E/E" > 10
Acute h & :
‘ a?ﬁltfe eart failure. - Reduced LV systolic - Reduced LV systolic ~ Level 4
function function E/E" > 15
AUC =0.903
S’<3cm/s
Proenosis High risk of cardiac death E’<3cm/s Level 4
& after 2 years A <4cm/s
E/E >20
Cardiogenic In patients w1th,pulp19nary
ulmonar edema, the E/E ratio is ND E/E >15 Level 6
Ie) dema y useful for the diagnosis of
cardiogenic edema vs. ARDS
In patients with hypertensive
crisis, the E/E’ ratio is Urgency group vs
Ez;a:rtenswe 51gtr.11f1$anﬂifhhﬁgher tl no emergency group: 12.56 >15 Level 4
patients with hypertensive vs. 1512 (p = 0.021)
emergency compared to T )
hypertensive urgency.
. Diastolic dysfunction is
Septic . . OR = 1.42 (95%CI:
cardiomyopathy directly correlated with a 114-1.76) ND Level 1

higher mortality in sepsis
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Table 2. Cont.
Clinical ..
Condition Clinical Impact Performance Cutoff Value LOE
- S’ shows moderate
correlation with
. ) ) MRI-derived RVEE
In patients presenting with - MPI have a
Acute PES’ is a marker of RV sensitivity and §'<95cm/s
pulmonary systolic function. MPI and M specificity of 85% MPI > 0.55 Level 4
embolism ir}dex are useful for and 78% M index < 112
diagnosis. - Mindex have a
sensitivity and
specificity of 92%
Recurrence: OR = 3.70,
(95%95: 1.21-11.3);
;o . OR =3.25 (957%Cl: Recurrence: E/E’ > Level 4
Atrial E /E’ ratio helps stratify the 1.19—8..8.6) 13/>11 (Morbidity)
o k of AF recurrence Morbidity: OR = 1.64 —L y
fibrillation Hse oS & o) . Y . _ Morbidity: >15 Level 3
morbidity, and mortality (95%CI: 1.05-2.55); AUC = Mortality: >13 (Mortality)
0.83 (95%CL: 0.75-0.91) y: y
Mortality: HR = 1.32 (95%
CI: 1.08-1.61)
Lateral E’ < Medial E’
(annulus reversus)
Annulus reversus has a Low E/E’ ratio despite
Constrictive sensitivity of 70-90% and  high ventricular filling
icarditi Diagnosis a specificity of 80-90% in  pressure (annulus Level 4
pericardits diagnosing constrictive paradoxus)
pericarditis. E’ > 8 cm/s (differentiate
from restrictive
cardiomyopathy)
Weaning from Weaning failure becomes
1nva51ve. more lil:gely when the E/E’ SMD = 1.70 (95%C: ND Level 1
mechanical S 0.78-2.62)
ventilation ratio is high.

Legend: AUC, area under curve; CI, confidence interval; HR, hazard ratio; LOE, level of evidence; LV, left
ventricular; LVEF, left ventricular ejection fraction; ND, no date; OR, odd ratio; RCT, randomized controlled
trial; SMD, standard mean difference. Levels of evidence (Melnyk and Fineout-Overholt): level 1, evidence from
a systematic review or a meta-analysis of all relevant RCTs (randomized controlled trials); level 2, evidence
from at least one well-designed RCT (e.g., large multi-site RCT); level 3, evidence from a single well-designed
controlled trial without randomization (aka quasi-experimental studies) OR a systematic review of a complete
body of evidence (an integrative review of higher and lower evidence) OR mixed-methods intervention studies;
level 4, evidence from well-designed case-control or cohort studies; level 5, evidence from systematic reviews
of descriptive and qualitative studies (meta-synthesis); level 6, evidence from a single descriptive or qualitative
study, evidence-based projects, or evidence-base quality improvement and quality improvement projects; level 7,
evidence from the opinion of authorities and/or reports of expert committees, reports from committees of experts,
and narrative and literature reviews.

12.1. Limitations

TDI provides valuable quantitative insights into myocardial function, but it has several
inherent limitations that must be considered in clinical practice.

The primary obstacle is its dependency on the angle. The accuracy of TDI measure-
ments is dependent on the ultrasound beam being aligned with the direction of myocardial
motion. Its diagnostic accuracy can be affected by deviations from this optimal alignment,
leading to significant underestimations of velocities.
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TDI’s sensitivity to noise and artifacts is also a challenge. Cardiac motion, adjacent
tissue interference, or movement by the patient can affect the Doppler signals acquired
using TDI. High-quality image acquisition and adequate filtering during post-processing
are necessary, which can limit the reliability of the measurements in some clinical settings.

TDI parameters are also affected by the load dependency. The measured velocities are
influenced not only by the intrinsic contractile properties of the myocardium but also by
loading conditions such as the preload and afterload. In conditions where these loading
factors are unstable, the interpretation of TDI-derived data can become complex.

Regional variability and tethering effects pose interpretative challenges as well. The
motion recorded at a specific myocardial site can be affected by the movements of neigh-
boring segments, which sometimes makes it difficult to isolate local dysfunction from more
global effects.

Finally, this technique is operator-dependent and has not been fully standardized
across different echocardiographic systems. The reproducibility of its findings may be
reduced by interobserver variability caused by variations in the acquisition protocols,
instrument settings, and analysis methods.

12.2. Future Directions

The future of TDI in acute clinical settings looks promising and diverse. The integration
of TDI with artificial intelligence and automated analyses is a major focus of researchers and
clinicians. Machine learning algorithms can be integrated into echocardiographic platforms
to automatically detect and quantify subtle changes in myocardial tissue velocities [96,97].
Both the speed and accuracy of diagnosing acute conditions, such as myocardial ischemia
and early signs of diastolic dysfunction, could be enhanced by this. Another promising
direction involves combining TDI with advanced imaging modalities, such as integrating
3D echocardiography with TDI. By using this hybrid approach, clinicians could obtain
volumetric assessments of myocardial function beyond the two-dimensional plane. A
complete analysis of regional and global ventricular performance could be achieved through
such integration, which is particularly necessary when emergency scenarios require rapid,
precise evaluations [98,99]. Standardization and reproducibility improvements are also
on the horizon. TDI's angle dependency and variability between systems are currently
causing challenges. Ongoing research is aimed at establishing more uniform protocols
and threshold values that would facilitate its broader use in acute care and improve the
interobserver consistency [100,101]. Enhanced standardization would validate TDI further
as a reliable tool for rapid assessment of patients in the emergency department or an
intensive care unit. Additionally, as portable and point-of-care ultrasound technologies
evolve, the incorporation of TDI into these devices is expected to expand. This will enable
more widespread, bedside applications in critical settings such as acute heart failure, sepsis,
and pulmonary embolism and even in trials of weaning from mechanical ventilation [102].
The ability to deploy TDI quickly and efficiently at a patient’s bedside could streamline
decision making and fine-tune management in real time.

13. Conclusions

Although it is considered an advanced echocardiographic technique, TDI could be of
great benefit in the emergency setting, improving diagnoses, guiding therapeutic decisions,
and providing valuable prognostic information.



Medicina 2025, 61, 1051 15 of 20

Author Contributions: Conceptualization, U.G.S.; methodology, U.G.S. and A.D.L.; investigation,
U.GS,, D.O, D.M,, EV. and A.D.L,; resources, A.D.L.; writing—original draft preparation, U.G.S.,
D.O., DM, EV. and A.D.L,; writing—review and editing, U.G.S., D.O., DM., EV. and AD.L.;
visualization, U.G.S.; supervision, A.D.L.; project administration, U.G.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Connolly, J.A.; Dean, A.J.; Hoffmann, B.; Jarman, R.D. Emergency Point-of-Care Ultrasound, 2nd ed.; John Wiley & Sons Ltd.:
Hoboken, NJ, USA, 2017; p. 488.

2. Perera, P.; Mailhot, T.; Riley, D.; Mandavia, D. The RUSH exam: Rapid Ultrasound in SHock in the evaluation of the critically ill.
Emerg. Med. Clin. N. Am. 2010, 28, 29-56. [CrossRef] [PubMed]

3. Risti¢, A.D.; Imazio, M.; Adler, Y.; Anastasakis, A.; Badano, L.P,; Brucato, A.; Caforio, A.L.; Dubourg, O.; Elliott, P.; Gimeno, J.;
et al. Triage strategy for urgent management of cardiac tamponade: A position statement of the European Society of Cardiology
Working Group on Myocardial and Pericardial Diseases. Eur. Heart ]. 2014, 35, 2279-2284. [CrossRef] [PubMed]

4. Hernandez, C.; Shuler, K.; Hannan, H.; Sonyika, C.; Likourezos, A.; Marshall, ].C.A.U.S.E. Cardiac arrest ultra-sound exam—A
better approach to managing patients in primary non-arrhythmogenic cardiac arrest. Resuscitation 2008, 76, 198-206. [CrossRef]
[PubMed]

5. Breitkreutz, R.; Walcher, F.; Seeger, FH. Focused echocardiographic evaluation in resuscitation management: Concept of an
advanced life support-conformed algorithm. Crit. Care Med. 2007, 35 (Suppl. S5), S150-5161. [CrossRef]

6.  Chenkin, J.; Atzema, C.L. Contemporary Application of Point-of-Care Echocardiography in the Emergency Department. Can. J.
Cardiol. 2018, 34, 109-116. [CrossRef]

7. Kadappu, KK,; Thomas, L. Tissue Doppler imaging in echocardiography: Value and limitations. Heart Lung Circ. 2015, 24,
224-233. [CrossRef]

8.  Lancellotti, P; Zamorano, J.; Badano, L.; Habib, G. The EACVI Textbook of Echocardiography; Oxford University Press: Oxford, UK,
2017; p. 671.

9.  Gorcsan, J., 3rd. Tissue Doppler echocardiography. Curr. Opin. Cardiol. 2000, 15, 323-329. [CrossRef]

10. Lang, R.M.; Badano, L.P.; Mor-Avi, V.; Afilalo, J.; Armstrong, A.; Ernande, L.; Flachskampf, F.A.; Foster, E.; Goldstein, S.A;
Kuznetsova, T.; et al. Recommendations for cardiac chamber quantification by echocardiography in adults: An update from the
American Society of Echocardiography and the European Association of Cardiovascular Imaging. . Am. Soc. Echocardiogr. 2015,
28,1-39.e14. [CrossRef]

11.  Silbiger, ]J.J. Pathophysiology and Echocardiographic Diagnosis of Left Ventricular Diastolic Dysfunction. J. Am. Soc. Echocardiogr.
2019, 32, 216-232.e2. [CrossRef]

12.  Hollenberg, S.M.; Singer, M. Pathophysiology of sepsis-induced cardiomyopathy. Nat. Rev. Cardiol. 2021, 18, 424-434. [CrossRef]

13.  GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories,
1990-2019: A systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1204-1222, Erratum in Lancet
2020, 396, 1562. [CrossRef] [PubMed]

14. Bijnens, B.; Claus, P.; Weidemann, F,; Strotmann, J.; Sutherland, G.R. Investigating cardiac function using motion and deformation
analysis in the setting of coronary artery disease. Circulation 2007, 116, 2453-2464. [CrossRef]

15.  Seko, Y.; Kato, T.; Shiba, M.; Morita, Y.; Yamaji, Y.; Haruna, Y.; Nakane, E.; Hayashi, H.; Haruna, T.; Inoko, M. Association
of the low ¢’ and high E/e’ with long-term outcomes in patients with normal ejection fraction: A hospital population-based
observational cohort study. BMJ Open 2019, 9, e032663. [CrossRef] [PubMed]

16. Byrne, R.A.; Rossello, X.; Coughlan, ].].; Barbato, E.; Berry, C.; Chieffo, A.; Claeys, M.].; Dan, G.A.; Dweck, M.R.; Galbraith, M.;
et al. 2023 ESC Guidelines for the management of acute coronary syndromes. Eur. Heart ]. 2023, 44, 3720-3826; Erratum in Eur.
Heart ]. 2024, 45, 1145. [CrossRef]

17. Bedetti, G.; Gargani, L.; Sicari, R.; Gianfaldoni, M.L.; Molinaro, S.; Picano, E. Comparison of prognostic value of echographic

[corrected] risk score with the Thrombolysis in Myocardial Infarction (TIMI) and Global Registry in Acute Coronary Events
(GRACE) risk scores in acute coronary syndrome. Am. J. Cardiol. 2010, 106, 1709-1716; Erratum in Am. J. Cardiol. 2011, 107, 1253.
[CrossRef]


https://doi.org/10.1016/j.emc.2009.09.010
https://www.ncbi.nlm.nih.gov/pubmed/19945597
https://doi.org/10.1093/eurheartj/ehu217
https://www.ncbi.nlm.nih.gov/pubmed/25002749
https://doi.org/10.1016/j.resuscitation.2007.06.033
https://www.ncbi.nlm.nih.gov/pubmed/17822831
https://doi.org/10.1097/01.CCM.0000260626.23848.FC
https://doi.org/10.1016/j.cjca.2017.08.018
https://doi.org/10.1016/j.hlc.2014.10.003
https://doi.org/10.1097/00001573-200009000-00003
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.echo.2018.11.011
https://doi.org/10.1038/s41569-020-00492-2
https://doi.org/10.1016/S0140-6736(20)30925-9
https://www.ncbi.nlm.nih.gov/pubmed/33069326
https://doi.org/10.1161/CIRCULATIONAHA.106.684357
https://doi.org/10.1136/bmjopen-2019-032663
https://www.ncbi.nlm.nih.gov/pubmed/31753896
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1016/j.amjcard.2010.08.024

Medicina 2025, 61, 1051 16 of 20

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Derumeaux, G.; Ovize, M.; Loufoua, ].; André-Fouet, X.; Minaire, Y.; Cribier, A.; Letac, B. Doppler tissue imaging quantitates
regional wall motion during myocardial ischemia and reperfusion. Circulation 1998, 97, 1970-1977. [CrossRef] [PubMed]
Nikitin, N.P; Loh, PH,; Silva, R.; Ghosh, ].; Khaleva, O.Y.; Goode, K.; Rigby, A.S.; Alamgir, F,; Clark, A.L.; Cleland, ].G. Prognostic
value of systolic mitral annular velocity measured with Doppler tissue imaging in patients with chronic heart failure caused by
left ventricular systolic dysfunction. Heart 2006, 92, 775-779. [CrossRef]

Biering-Serensen, T.; Jensen, ].S.; Pedersen, S.; Galatius, S.; Hoffmann, S.; Jensen, M.T.; Mogelvang, R. Doppler tissue imaging is an
independent predictor of outcome in patients with ST-segment elevation myocardial infarction treated with primary percutaneous
coronary intervention. J. Am. Soc. Echocardiogr. 2014, 27, 258-267. [CrossRef]

Novo, G.; Sutera, M.R.; Di Lisi, D.; Galifi, M.A ; Fata, B.; Giambanco, S.; Arvigo, L.; Triolo, O.E; Evola, S.; Assennato, P; et al.
Assessment of no-reflow phenomenon by myocardial blush grade and pulsed wave tissue Doppler imaging in patients with
acute coronary syndrome. J. Cardiovasc. Echogr. 2014, 24, 52-56. [CrossRef]

Shenouda, R.B.; Bytyci, I.; Sobhy, M.; Henein, M.Y. Reduced regional strain rate is the most accurate dysfunction in predicting
culprit lesions in patients with acute coronary syndrome. Clin. Physiol. Funct. Imaging 2020, 40, 21-29. [CrossRef]

Kong, B.; Hu, L; Liu, Q,; Jiang, C.; Liu, Y,; Liu, A.; Wang, H.; Bai, B.; Liu, E; Guo, L.; et al. Prognosis value of EAS index in
patients with obstructive coronary artery disease. Quant. Imaging Med. Surg. 2023, 13, 5877-5886. [CrossRef]

Correction to: 2023 Focused Update of the 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart
failure: Developed by the task force for the diagnosis and treatment of acute and chronic heart failure of the European Society
of Cardiology (ESC) with the special contribution of the Heart Failure Association (HFA) of the ESC. Eur. Heart ]. 2024, 45, 53;
Erratum in Eur. Heart |. 2023, 44, 3627-3639.

McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bohm, M.; Burri, H.; Butler, J.; Celutkiene, J.; Chioncel, O.;
et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 2021, 42, 3599-3726;
Erratum in Eur. Heart |. 2021, 42, 4901. [CrossRef] [PubMed]

Mogelvang, R.; Biering-Serensen, T.; Jensen, J.S. Tissue Doppler echocardiography predicts acute myocardial infarction, heart
failure, and cardiovascular death in the general population. Eur. Heart |. Cardiovasc. Imaging 2015, 16, 1331-1337. [CrossRef]
[PubMed]

Husebye, T.; Eritsland, ].; Bjornerheim, R.; Andersen, G.. Systolic mitral annulus velocity is a sensitive index for changes in left
ventricular systolic function during inotropic therapy in patients with acute heart failure. Eur. Heart ]. Acute Cardiovasc. Care 2018,
7,321-329. [CrossRef]

Cabrera Schulmeyer, M.C.; Arriaza, N. Good prognostic value of the intraoperative tissue Doppler-derived index E/e’ after
non-cardiac surgery. Minerva Anestesiol. 2012, 78, 1013-1018.

Hameed, A K,; Gosal, T,; Fang, T.; Ahmadie, R.; Lytwyn, M.; Barac, I.; Zieroth, S.; Hussain, E,; Jassal, D.S. Clinical utility of tissue
Doppler imaging in patients with acute myocardial infarction complicated by cardiogenic shock. Cardiovasc. Ultrasound 2008, 6,
11. [CrossRef]

Nagueh, S.F.; Smiseth, O.A.; Appleton, C.P,; Byrd, B.F, 3rd; Dokainish, H.; Edvardsen, T.; Flachskampf, F.A ; Gillebert, T.C.; Klein,
A.L.; Lancellotti, P.; 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. Eur. Heart .
Cardiovasc. Imaging 2016, 17, 1321-1360. [CrossRef]

Arques, S.; Roux, E.; Sbragia, P; Pieri, B.; Gelisse, R.; Ambrosi, P.; Luccioni, R. Accuracy of tissue Doppler echocardiography
in the diagnosis of new-onset congestive heart failure in patients with levels of B-type natriuretic peptide in the midrange and
normal left ventricular ejection fraction. Echocardiography 2006, 23, 627—-634. [CrossRef]

Chopra, HK,; Nanda, N.C.; Narula, J. Advances & Innovations in Heart Failure (AIHF): A Textbook of Cardiology; Jaypee Brothers
Medical Publishers: Delhi, India, 2020; p. 995.

Huang, C.H.; Tsai, M.S.; Hsieh, C.C.; Wang, T.D.; Chang, W.T.; Chen, W.J. Diagnostic accuracy of tissue Doppler echocardiography
for patients with acute heart failure. Heart 2006, 92, 1790-1794. [CrossRef]

Picano, E.; Gargani, L.; Gheorghiade, M. Why, when, and how to assess pulmonary congestion in heart failure: Pathophysiological,
clinical, and methodological implications. Heart Fail. Rev. 2010, 15, 63-72. [CrossRef] [PubMed]

Ho, S.J.; Feng, AN.; Lee, L.N.; Chen, ].W,; Lin, S.J. Predictive value of predischarge spectral tissue doppler echocardiography and
n-terminal pro-B-type natriuretic peptide in patients hospitalized with acute heart failure. Echocardiography 2011, 28, 303-310.
[CrossRef] [PubMed]

Garry, D.; Newton, ].; Colebourn, C. Tissue Doppler indices of diastolic function in critically ill patients and association with
mortality—A systematic review. J. Intensive Care Soc. 2016, 17, 51-62. [CrossRef]

Wang, M.; Yip, G.W.; Wang, A.Y.; Zhang, Y.; Ho, P.Y.; Tse, M.K,; Lam, PK,; Sanderson, J.E. Peak early diastolic mitral annulus
velocity by tissue Doppler imaging adds independent and incremental prognostic value. J. Am. Coll. Cardiol. 2003, 41, 820-826.
[CrossRef] [PubMed]


https://doi.org/10.1161/01.CIR.97.19.1970
https://www.ncbi.nlm.nih.gov/pubmed/9609091
https://doi.org/10.1136/hrt.2005.067140
https://doi.org/10.1016/j.echo.2013.11.005
https://doi.org/10.4103/2211-4122.135615
https://doi.org/10.1111/cpf.12597
https://doi.org/10.21037/qims-23-109
https://doi.org/10.1093/eurheartj/ehab368
https://www.ncbi.nlm.nih.gov/pubmed/34447992
https://doi.org/10.1093/ehjci/jev180
https://www.ncbi.nlm.nih.gov/pubmed/26202086
https://doi.org/10.1177/2048872616687114
https://doi.org/10.1186/1476-7120-6-11
https://doi.org/10.1093/ehjci/jew082
https://doi.org/10.1111/j.1540-8175.2006.00281.x
https://doi.org/10.1136/hrt.2006.089516
https://doi.org/10.1007/s10741-009-9148-8
https://www.ncbi.nlm.nih.gov/pubmed/19504345
https://doi.org/10.1111/j.1540-8175.2010.01322.x
https://www.ncbi.nlm.nih.gov/pubmed/21395667
https://doi.org/10.1177/1751143715595641
https://doi.org/10.1016/S0735-1097(02)02921-2
https://www.ncbi.nlm.nih.gov/pubmed/12628728

Medicina 2025, 61, 1051 17 of 20

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

Zanza, C.; Saglietti, F.; Tesauro, M.; Longhitano, Y.; Savioli, G.; Balzanelli, M.G.; Romenskaya, T.; Cofone, L.; Pindinello, I.; Racca,
G.; et al. Cardiogenic Pulmonary Edema in Emergency Medicine. Adv. Respir. Med. 2023, 91, 445-463. [CrossRef]

Connors, A.E, Jr.,; Speroff, T.; Dawson, N.V.; Thomas, C.; Harrell, EE., Jr.; Wagner, D.; Desbiens, N.; Goldman, L.; Wu, A.W.,; Califf,
R.M.; et al. The effectiveness of right heart catheterization in the initial care of critically ill patients. SUPPORT Investigators.
JAMA 1996, 276, 889-897. [CrossRef]

Rosenkranz, S.; Preston, LR. Right heart catheterisation: Best practice and pitfalls in pulmonary hypertension. Eur. Respir. Rev.
2015, 24, 642-652. [CrossRef]

Vassallo, M.; Bhakta, P. Echocardiography with tissue Doppler imaging may help in bedside differential diagnosis of pulmonary
oedema in pregnancy: Case report. Anaesthesiol. Intensive Ther. 2022, 54, 91-93. [CrossRef]

Vassallo, M.C,; Tartamella, F.; Bhakta, P; Palazzolo, G. ARDS Cannot Be Accurately Differentiated From Cardiogenic Pulmonary
Edema Without Systematic Tissue Doppler Echocardiography. Chest 2018, 154, 226-227. [CrossRef]

Correale, M.; Totaro, A ; Ieva, R.; Ferraretti, A.; Musaico, F; Di Biase, M. Tissue Doppler imaging in coronary artery diseases and
heart failure. Curr. Cardiol. Rev. 2012, 8, 43-53. [CrossRef]

Park, Y.S,; Park, ].H.; Ahn, K.T; Jang, W.I; Park, H.S.; Kim, J.H.; Lee, ].H.; Choi, S.W.; Jeong, ].O.; Seong, L. W. Usefulness of
mitral annular systolic velocity in the detection of left ventricular systolic dysfunction: Comparison with three dimensional
echocardiographic data. J. Cardiovasc. Ultrasound 2010, 18, 1-5. [CrossRef]

McEvoy, ] W.; McCarthy, C.P; Bruno, R.M.; Brouwers, S.; Canavan, M.D.; Ceconi, C.; Christodorescu, R.M.; Daskalopoulou, S.S.;
Ferro, C.J.; Gerdts, E.; et al. 2024 ESC Guidelines for the management of elevated blood pressure and hypertension. Eur. Heart ].
2024, 45, 3912-4018; Erratum in Eur. Heart J. 2025, 46, 1300. [CrossRef] [PubMed]

Garadah, T.; Kassab, S.; Gabani, S.; Abu-Taleb, A.; Abdelatif, A.; Asef, A.; Shoroqj, L; Jamsheer, A. Pulsed and Tissue Doppler
Echocardiographic Changes in Hypertensive Crisis with and without End Organ Damage. Open J. Cardiovasc. Surg. 2011, 4, 17-24.
[CrossRef]

Beesley, S.J.; Weber, G.; Sarge, T.; Nikravan, S.; Grissom, C.K.; Lanspa, M.].; Shahul, S.; Brown, S.M. Septic Cardiomyopathy. Crit.
Care Med. 2018, 46, 625-634. [CrossRef]

L'Heureux, M.; Sternberg, M.; Brath, L.; Turlington, J.; Kashiouris, M.G. Sepsis-Induced Cardiomyopathy: A Comprehensive
Review. Curr. Cardiol. Rep. 2020, 22, 35. [CrossRef]

Martin, L.; Derwall, M.; Al Zoubi, S.; Zechendorf, E.; Reuter, D.A.; Thiemermann, C.; Schuerholz, T. The Septic Heart: Current
Understanding of Molecular Mechanisms and Clinical Implications. Chest 2019, 155, 427-437. [CrossRef]

Carbone, F; Liberale, L.; Preda, A.; Schindler, T.H.; Montecucco, F. Septic Cardiomyopathy: From Pathophysiology to the Clinical
Setting. Cells 2022, 11, 2833. [CrossRef] [PubMed]

Sanfilippo, F.; Corredor, C.; Fletcher, N.; Landesberg, G.; Benedetto, U.; Foex, P.; Cecconi, M. Diastolic dysfunction and mortality
in septic patients: A systematic review and meta-analysis. Intensive Care Med. 2015, 41, 1004-1013; Erratum in Intensive Care Med.
2015, 41, 1178-1179. [CrossRef] [PubMed]

Orso, D.; Federici, N.; Lio, C.; Mearelli, F.; Bove, T. Hemodynamic goals in sepsis and septic shock resuscitation: An umbrella
review of systematic reviews and meta-analyses with trial sequential analysis. Aust. Crit. Care 2024, 37, 818-826. [CrossRef]
Zakynthinos, G.E.; Giamouzis, G.; Xanthopoulos, A.; Oikonomou, E.; Kalogeras, K.; Karavidas, N.; Dimeas, LE.; Gialamas, I.;
Gounaridi, M.L; Siasos, G.; et al. Septic cardiomyopathy: Difficult definition, challenging diagnosis, unclear treatment. J. Clin.
Med. 2025, 14, 986. [CrossRef]

Trifi, A.; Abdellatif, S.; Mehdi, A.; Messaoud, L.; Seghir, E.; Mrad, N.; Ben Khelil, J.; Ben Ismail, K.; Merhaben, T.; Fradj, H.; et al.
Early administration of norepinephrine in sepsis: Multicenter randomized clinical trial (EA-NE-S-TUN) study protocol. PLoS
ONE 2024, 19, e0307407. [CrossRef]

Michaud, G.E; Stevenson, W.G. Atrial Fibrillation. N. Engl. . Med. 2021, 384, 353-361. [CrossRef] [PubMed]

Bassand, J.P,; Accetta, G.; Al Mahmeed, W.; Corbalan, R.; Eikelboom, J.; Fitzmaurice, D.A.; Fox, K.A.A.; Gao, H.; Goldhaber,
S.Z.; Goto, S.; et al. Risk factors for death, stroke, and bleeding in 28,628 patients from the GARFIELD-AF registry: Rationale for
comprehensive management of atrial fibrillation. PLoS ONE 2018, 13, €0191592. [CrossRef] [PubMed]

Van Gelder, I.C.; Rienstra, M.; Bunting, K.V.; Casado-Arroyo, R.; Caso, V.; Crijns, H].G.M.; De Potter, T.].R.; Dwight, J.; Guasti, L.;
Hanke, T.; et al. 2024 ESC Guidelines for the management of atrial fibrillation developed in collaboration with the European
Association for Cardio-Thoracic Surgery (EACTS). Eur. Heart ]. 2024, 45, 3314-3414.

Odutayo, A.; Wong, C.X,; Hsiao, A.J.; Hopewell, S.; Altman, D.G.; Emdin, C.A. Atrial fibrillation and risks of cardiovascular
disease, renal disease, and death: Systematic review and meta-analysis. BMJ 2016, 354, 4482. [CrossRef] [PubMed]

Ruddox, V;; Sandven, I.; Munkhaugen, J.; Skattebu, J.; Edvardsen, T.; Otterstad, ].E. Atrial fibrillation and the risk for myocardial
infarction, all-cause mortality and heart failure: A systematic review and meta-analysis. Eur. J. Prev. Cardiol. 2017, 24, 1555-1566.
[CrossRef]


https://doi.org/10.3390/arm91050034
https://doi.org/10.1001/jama.1996.03540110043030
https://doi.org/10.1183/16000617.0062-2015
https://doi.org/10.5114/ait.2022.113733
https://doi.org/10.1016/j.chest.2018.03.036
https://doi.org/10.2174/157340312801215755
https://doi.org/10.4250/jcu.2010.18.1.1
https://doi.org/10.1093/eurheartj/ehae178
https://www.ncbi.nlm.nih.gov/pubmed/39210715
https://doi.org/10.4137/OJCS.S8094
https://doi.org/10.1097/CCM.0000000000002851
https://doi.org/10.1007/s11886-020-01277-2
https://doi.org/10.1016/j.chest.2018.08.1037
https://doi.org/10.3390/cells11182833
https://www.ncbi.nlm.nih.gov/pubmed/36139408
https://doi.org/10.1007/s00134-015-3748-7
https://www.ncbi.nlm.nih.gov/pubmed/25800584
https://doi.org/10.1016/j.aucc.2024.03.005
https://doi.org/10.3390/jcm14030986
https://doi.org/10.1371/journal.pone.0307407
https://doi.org/10.1056/NEJMcp2023658
https://www.ncbi.nlm.nih.gov/pubmed/33503344
https://doi.org/10.1371/journal.pone.0191592
https://www.ncbi.nlm.nih.gov/pubmed/29370229
https://doi.org/10.1136/bmj.i4482
https://www.ncbi.nlm.nih.gov/pubmed/27599725
https://doi.org/10.1177/2047487317715769

Medicina 2025, 61, 1051 18 of 20

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Bassand, J.P.,; Accetta, G.; Camm, A.].; Cools, E; Fitzmaurice, D.A.; Fox, K.A.; Goldhaber, S.Z.; Goto, S.; Haas, S.; Hacke, W.;
et al. Two-year outcomes of patients with newly diagnosed atrial fibrillation: Results from GARFIELD-AF. Eur. Heart |. 2016, 37,
2882-2889. [CrossRef]

Miiller, P.; Weijs, B.; Bemelmans, N.M.A.A.; Miigge, A.; Eckardt, L.; Crijns, HJ.G.M.; Bax, JJ.; Linz, D.; den Uijl, D.W.
Echocardiography-derived total atrial conduction time (PA-TDI duration): Risk stratification and guidance in atrial fibrillation
management. Clin. Res. Cardiol. 2021, 110, 1734-1742. [CrossRef]

Orso, D.; Sabbadin, M.; Bacchetti, G.; Simeoni, G.; Bove, T. Correlation Between Tissue Doppler Imaging Method (E/e’) and
Invasive Measurements of Left Ventricular Filling Pressures: A Systematic Review, Meta-Analysis, and Meta-Regression. .
Cardiothorac. Vasc. Anesth. 2024, 38, 3200-3214. [CrossRef]

Robinson, S.; Ring, L.; Oxborough, D.; Harkness, A.; Bennett, S.; Rana, B.; Sutaria, N.; Lo Giudice, F.; Shun-Shin, M.; Paton,
M.; et al. The assessment of left ventricular diastolic function: Guidance and recommendations from the British Society of
Echocardiography. Echo Res. Pract. 2024, 11, 16. [CrossRef]

Arques, S. Clinical Relevance of the Spectral Tissue Doppler E/e’ Ratio in the Management of Patients with Atrial Fibrillation: A
Comprehensive Review of the Literature. J. Atr. Fibrillation 2018, 11, 2038. [CrossRef]

Sieweke, ].T.; Hagemus, J.; Biber, S.; Berliner, D.; Grosse, G.M.; Schallhorn, S.; Pfeffer, T.].; Derda, A.A.; Neuser, ].; Bauersachs, J.;
et al. Echocardiographic parameters to predict atrial fibrillation in clinical routine—The EAHsy-AF risk score. Front. Cardiovasc.
Med. 2022, 9, 851474. [CrossRef]

Gupta, D.K,; Giugliano, R.P,; Ruff, C.T.; Claggett, B.; Murphy, S.; Antman, E.; Mercuri, M.F,; Braunwald, E.; Solomon, S.D.;
Effective Anticoagulation with Factor Xa Next Generation in AF-Thrombolysis in Myocardial Infarction 48 (ENGAGE AF-IMI
48) Echocardiographic Study Investigators. The Prognostic Significance of Cardiac Structure and Function in Atrial Fibrillation:
The ENGAGE AF-TIMI 48 Echocardiographic Substudy. . Am. Soc. Echocardiogr. 2016, 29, 537-544. [CrossRef] [PubMed]
Garcia-Sayan, E.; Patel, M.; Wassouf, M.; Pant, R.; D'Silva, O.; Kehoe, R.F.; Doukky, R. Derivation and validation of E/e’ ratio as a
parameter in the evaluation of left atrial appendage thrombus formation in patients with nonvalvular atrial fibrillation. Int. J.
Cardiovasc. Imaging 2016, 32, 1349-1356. [CrossRef] [PubMed]

Kim, T.H.; Shim, C.Y,; Park, ].H.; Nam, C.M.; Uhm, ].S.; Joung, B.; Lee, M.H.; Pak, H.N. Left ventricular diastolic dysfunction is
associated with atrial remodeling and risk or presence of stroke in patients with paroxysmal atrial fibrillation. J. Cardiol. 2016, 68,
104-109. [CrossRef] [PubMed]

Hirai, T.; Cotseones, G.; Makki, N.; Agrawal, A.; Wilber, D.].; Barron, J.T. Usefulness of left ventricular diastolic function to
predict recurrence of atrial fibrillation in patients with preserved left ventricular systolic function. Am. J. Cardiol. 2014, 114, 65-69.
[CrossRef]

Fornengo, C.; Antolini, M.; Frea, S.; Gallo, C.; Grosso Marra, W.; Morello, M.; Gaita, F. Prediction of atrial fibrillation recurrence
after cardioversion in patients with left-atrial dilation. Eur. Heart |. Cardiovasc. Imaging 2015, 16, 335-341. [CrossRef]

Shin, HW.; Kim, H.; Son, J.; Yoon, H.].; Park, H.S.; Cho, YK.; Han, C.D.; Nam, C.W,; Hur, S.H.; Kim, Y.N.; et al. Tissue Doppler
imaging as a prognostic marker for cardiovascular events in heart failure with preserved ejection fraction and atrial fibrillation. J.
Am. Soc. Echocardiogr. 2010, 23, 755-761. [CrossRef]

Konstantinides, S.V.; Meyer, G.; Becattini, C.; Bueno, H.; Geersing, G.J.; Harjola, V.P.; Huisman, M.V.; Humbert, M.; Jennings,
C.S,; Jiménez, D.; et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in
collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary
embolism of the European Society of Cardiology (ESC). Eur. Respir. ]. 2019, 54, 1901647.

Fields, ].M.; Davis, J.; Girson, L.; Au, A.; Potts, J.; Morgan, C.J.; Vetter, L; Riesenberg, L.A. Transthoracic Echocardiography for
Diagnosing Pulmonary Embolism: A Systematic Review and Meta-Analysis. J. Am. Soc. Echocardiogr. 2017, 30, 714-723.e4.
[CrossRef]

Oh, ].K.; Park, J.H. Authors’ reply to Letter to the Editor regarding ‘Role of echocardiography in acute pulmonary embolism’.
Korean |. Intern. Med. 2023, 38, 568-569. [CrossRef] [PubMed]

Gromadzinski, L.; Targonski, R.; Pruszczyk, P. Assessment of right and left ventricular diastolic functions with tissue doppler
echocardiography in congestive heart failure patients with coexisting acute pulmonary embolism. Adv. Clin. Exp. Med. 2014, 23,
371-376. [CrossRef]

Dentali, F.; Bertolini, A.; Nicolini, E.; Donadini, M.; Gianni, M.; Squizzato, A.; Duka, E.; Venco, A.; Ageno, W. Evaluation of right
ventricular function in patients with a previous episode of pulmonary embolism using tissue Doppler imaging. Intern. Emerg.
Med. 2011, 8, 689-694. [CrossRef] [PubMed]

Hameed, A.; Condliffe, R.; Swift, A.].; Alabed, S.; Kiely, D.G.; Charalampopoulos, A. Assessment of Right Ventricular Function-a
State of the Art. Curr. Heart Fail. Rep. 2023, 20, 194-207. [CrossRef] [PubMed]

Rodrigues, A.C.; Cordovil, A.; Ménaco, C.G.; Guimaraes, L.A.; Oliveira, W.A.; Fischer, C.H.; de Lira-Filho, E.B.; Vieira, M.L.;
Morhy, S.S. Assessing prognosis of pulmonary embolism using tissue-Doppler echocardiography and brain natriuretic peptide.
Einstein 2013, 11, 338-344. [CrossRef]


https://doi.org/10.1093/eurheartj/ehw233
https://doi.org/10.1007/s00392-021-01917-9
https://doi.org/10.1053/j.jvca.2024.08.014
https://doi.org/10.1186/s44156-024-00051-2
https://doi.org/10.4022/jafib.2038
https://doi.org/10.3389/fcvm.2022.851474
https://doi.org/10.1016/j.echo.2016.03.004
https://www.ncbi.nlm.nih.gov/pubmed/27106009
https://doi.org/10.1007/s10554-016-0916-y
https://www.ncbi.nlm.nih.gov/pubmed/27240602
https://doi.org/10.1016/j.jjcc.2015.10.008
https://www.ncbi.nlm.nih.gov/pubmed/26603328
https://doi.org/10.1016/j.amjcard.2014.03.061
https://doi.org/10.1093/ehjci/jeu193
https://doi.org/10.1016/j.echo.2010.05.003
https://doi.org/10.1016/j.echo.2017.03.004
https://doi.org/10.3904/kjim.2023.048
https://www.ncbi.nlm.nih.gov/pubmed/37291836
https://doi.org/10.17219/acem/37127
https://doi.org/10.1007/s11739-011-0706-4
https://www.ncbi.nlm.nih.gov/pubmed/22033789
https://doi.org/10.1007/s11897-023-00600-6
https://www.ncbi.nlm.nih.gov/pubmed/37271771
https://doi.org/10.1590/S1679-45082013000300013

Medicina 2025, 61, 1051 19 of 20

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Hsiao, S.H.; Chang, S.M.; Lee, C.Y.; Yang, S.H.; Lin, S.K.; Chiou, K.R. Usefulness of tissue Doppler parameters for identifying
pulmonary embolism in patients with signs of pulmonary hypertension. Am. J. Cardiol. 2006, 98, 685-690. [CrossRef]

Karia, D.H.; Xing, Y.Q.; Kuvin, ].T.; Nesser, H.].; Pandian, N.G. Recent role of imaging in the diagnosis of pericardial disease. Curr.
Cardiol. Rep. 2002, 4, 33—-40. [CrossRef]

Pinamonti, B.; Habjan, S.; De Luca, A.; Proclemer, A.; Morea, G.; Abate, E.; Vitrella, G.; Sinagra, G. Inquadramento e gestione
della pericardite costrittiva: Revisione critica [Work-up and management of constrictive pericarditis: A critical review. G. Ital. Di
Cardiologia 2016, 17, 197-207. (In Italian)

Sengupta, PP.; Mohan, ].C.; Mehta, V.; Arora, R.; Pandian, N.G.; Khandheria, B.K. Accuracy and pitfalls of early diastolic motion
of the mitral annulus for diagnosing constrictive pericarditis by tissue Doppler imaging. Am. . Cardiol. 2004, 93, 886-890.
[CrossRef]

Reuss, C.S.; Wilansky, S.M.; Lester, S.J.; Lusk, J.L.; Grill, D.E.; Oh, ].K,; Tajik, A.J. Using mitral ‘annulus reversus’ to diagnose
constrictive pericarditis. Eur. ]. Echocardiogr. 2009, 10, 372-375. [CrossRef]

Choi, ].H.; Choi, J.O.; Ryu, D.R;; Lee, S.C.; Park, S.W.; Choe, Y.H.; Oh, ] K. Mitral and tricuspid annular velocities in constrictive
pericarditis and restrictive cardiomyopathy: Correlation with pericardial thickness on computed tomography. JACC Cardiovasc.
Imaging 2011, 4, 567-575. [CrossRef] [PubMed]

Ha, J.W,; Oh, ].K,; Ling, L.H.; Nishimura, R.A.; Seward, ].B.; Tajik, A.]. Annulus paradoxus: Transmitral flow velocity to mitral
annular velocity ratio is inversely proportional to pulmonary capillary wedge pressure in patients with constrictive pericarditis.
Circulation 2001, 104, 976-978. [CrossRef] [PubMed]

Hancock, E.W. Differential diagnosis of restrictive cardiomyopathy and constrictive pericarditis. Heart 2001, 86, 343-349.
[CrossRef]

Boles, ].M.; Bion, J.; Connors, A.; Herridge, M.; Marsh, B.; Melot, C.; Pearl, R.; Silverman, H.; Stanchina, M.; Vieillard-Baron, A.;
et al. Weaning from mechanical ventilation. Eur. Respir. . 2007, 29, 1033-1056. [CrossRef] [PubMed]

Trudzinski, F.C.; Neetz, B.; Bornitz, E,; Miiller, M.; Weis, A.; Kronsteiner, D.; Herth, E]J.F,; Sturm, N.; Gassmann, V.; Frerk, T.; et al.
Risk Factors for Prolonged Mechanical Ventilation and Weaning Failure: A Systematic Review. Respiration 2022, 101, 959-969.
[CrossRef]

Pham, T.; Heunks, L.; Bellani, G.; Madotto, E; Aragao, I.; Beduneau, G.; Goligher, E.C.; Grasselli, G.; Laake, ].H.; Mancebo, J.;
et al. Weaning from mechanical ventilation in intensive care units across 50 countries (WEAN SAFE): A multicentre, prospective,
observational cohort study. Lancet Respir. Med. 2023, 11, 465-476, Erratum in Lancet Respir. Med. 2023, 11, €25. [CrossRef]
Pinsky, M.R. Cardiopulmonary Interactions: Physiologic Basis and Clinical Applications. Ann. Am. Thorac. Soc. 2018, 15
(Suppl. S1), S45-548. [CrossRef]

Papanikolaou, J.; Makris, D.; Saranteas, T.; Karakitsos, D.; Zintzaras, E.; Karabinis, A.; Kostopanagiotou, G.; Zakynthinos, E. New
insights into weaning from mechanical ventilation: Left ventricular diastolic dysfunction is a key player. Intensive Care Med. 2011,
37,1976-1985. [CrossRef]

Sanfilippo, F.; Di Falco, D.; Noto, A.; Santonocito, C.; Morelli, A.; Bignami, E.; Scolletta, S.; Vieillard-Baron, A.; Astuto, M.
Association of weaning failure from mechanical ventilation with transthoracic echocardiography parameters: A systematic review
and meta-analysis. Br. ]. Anaesth. 2021, 126, 319-330. [CrossRef]

Zambon, M.; Greco, M.; Bocchino, S.; Cabrini, L.; Beccaria, P.F; Zangrillo, A. Assessment of diaphragmatic dysfunction in the
critically ill patient with ultrasound: A systematic review. Intensive Care Med. 2017, 43, 29-38. [CrossRef]

Poddighe, D.; van Hollebeke, M.; Choudhary, Y.Q.; Campos, D.R.; Schaeffer, M.R.; Verbakel, ].Y.; Hermans, G.; Gosselink, R.;
Langer, D. Accuracy of respiratory muscle assessments to predict weaning outcomes: A systematic review and comparative
meta-analysis. Crit. Care 2024, 28, 70. [CrossRef] [PubMed]

Soilemezi, E.; Savvidou, S.; Sotiriou, P.; Smyrniotis, D.; Tsagourias, M.; Matamis, D. Tissue doppler imaging of the diaphragm in
healthy subjects and critically ill patients. Am. J. Respir. Crit. Care Med. 2020, 202, 1005-1012. [CrossRef] [PubMed]

Terol Espinosa de Los Monteros, C.; van der Palen, R.L.F; van den Eynde, J.; Rammeloo, L.; Hazekamp, M.G.; Blom, N.A;
Kuipers, I.M.; ten Harkel, A.D.]. Using machine learning analysis to describe patterns in tissue doppler and speckle tracking
echocardiography in patients with transposition of the great arteries after arterial switch operation. Int. J. Cardiol. Congenit. Heart
Dis. 2024, 19, 100560. [CrossRef]

Lane, E.S.; Jevsikov, J.; Shun-Shin, M.].; Dhutia, N.; Matoorian, N.; Cole, G.D.; Francis, D.P,; Zolgharni, M. Automated multi-beat
tissue doppler echocardiography analysis using deep neural networks. Med. Biol. Eng. Comput. 2023, 61, 911-926. [CrossRef]
[PubMed]

Kuppahally, S.S.; Fowler, M.B.; Vagelos, R.; Wang, P.; Al-Ahmad, A.; Hsia, H.; Liang, D. Dyssynchrony assessment with
tissue doppler imaging and regional volumetric analysis by 3D echocardiography do not predict long-term response to cardiac
resynchronization therapy. Cardiol. Res. Pract. 2010, 2011, 568918. [CrossRef]


https://doi.org/10.1016/j.amjcard.2006.03.053
https://doi.org/10.1007/s11886-002-0124-3
https://doi.org/10.1016/j.amjcard.2003.12.029
https://doi.org/10.1093/ejechocard/jen258
https://doi.org/10.1016/j.jcmg.2011.01.018
https://www.ncbi.nlm.nih.gov/pubmed/21679889
https://doi.org/10.1161/hc3401.095705
https://www.ncbi.nlm.nih.gov/pubmed/11524387
https://doi.org/10.1136/heart.86.3.343
https://doi.org/10.1183/09031936.00010206
https://www.ncbi.nlm.nih.gov/pubmed/17470624
https://doi.org/10.1159/000525604
https://doi.org/10.1016/S2213-2600(22)00449-0
https://doi.org/10.1513/AnnalsATS.201704-339FR
https://doi.org/10.1007/s00134-011-2368-0
https://doi.org/10.1016/j.bja.2020.07.059
https://doi.org/10.1007/s00134-016-4524-z
https://doi.org/10.1186/s13054-024-04823-4
https://www.ncbi.nlm.nih.gov/pubmed/38454487
https://doi.org/10.1164/rccm.201912-2341OC
https://www.ncbi.nlm.nih.gov/pubmed/32614246
https://doi.org/10.1016/j.ijcchd.2024.100560
https://doi.org/10.1007/s11517-022-02753-3
https://www.ncbi.nlm.nih.gov/pubmed/36631666
https://doi.org/10.4061/2011/568918

Medicina 2025, 61, 1051 20 of 20

99. Vieira, M.L,; Cury, A.F,; Naccarato, G.; Oliveira, W.A.; Ménaco, C.G.; Rodrigues, A.C.; Cordovil, A.; Tavares, G.M.; Lira Filho, E.B.;
Pfeferman, A.; et al. Analysis of left ventricular regional dyssynchrony: Comparison between real time 3D echocardiography and
tissue doppler imaging. Echocardiography 2009, 26, 675-683. [CrossRef]

100. Mada, R.O.; Duchenne, J.; Voigt, J.U. Tissue doppler, strain and strain rate in ischemic heart disease “how I do it”. Cardiovasc.
Ultrasound 2014, 12, 38. [CrossRef]

101. Edvardsen, T.; Gerber, B.L.; Garot, J.; Bluemke, D.A.; Lima, J.A.; Smiseth, O.A. Quantitative assessment of intrinsic regional
myocardial deformation by doppler strain rate echocardiography in humans: Validation against three-dimensional tagged
magnetic resonance imaging. Circulation 2002, 106, 50-56. [CrossRef]

102. Vermeiren, G.L.; Malbrain, M.L.; Walpot, ].M. Cardiac ultrasonography in the critical care setting: A practical approach to assess
cardiac function and preload for the “non-cardiologist”. Anaesthesiol. Intensive Ther. 2015, 47, s89-s104. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/j.1540-8175.2008.00856.x
https://doi.org/10.1186/1476-7120-12-38
https://doi.org/10.1161/01.CIR.0000019907.77526.75
https://doi.org/10.5603/AIT.a2015.0074

	Introduction 
	Materials and Methods 
	Literature Search and Study Selection 
	Data Extraction and Synthesis 
	Ethical Considerations 

	Tissue Doppler Imaging Characteristics 
	TDI in Acute Coronary Syndrome (ACS) 
	TDI in Acute Heart Failure (AHF) 
	TDI in Hypertension 
	TDI in Septic Cardiomyopathy 
	TDI in Atrial Fibrillation 
	TDI in Acute Pulmonary Embolism 
	TDI in Constrictive Pericarditis 
	TDI in the Weaning from Invasive Mechanical Ventilation 
	Discussion 
	Limitations 
	Future Directions 

	Conclusions 
	References

