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Abstract: Cardiovascular disease (CVD) has been show-
ing patterns of extensive rise in prevalence in the contem-
porary era, affecting the quality of life of millions of
people and leading the causes of death worldwide. It has
been a provocative challenge for modern medicine to
diagnose CVD in its crib, owing to its etiological factors
being attributed to a large array of systemic diseases, as
well as its non-binary hideous nature that gradually leads
to functional disability. Novel echocardiography techni-
ques have enabled the cardiac ultrasound to provide a
comprehensive analysis of the heart in an objective, feasi-
ble, time- and cost-effective manner. Speckle tracking
echocardiography, contrast echocardiography, and 3D
echocardiography have shown the highest potential for
widespread use. The uses of novel modalities have been
elaborately demonstrated in this study as a proof of con-
cept that echocardiography has a place in routine gen-
eral practice with supportive evidence being as recent as
its role in the concurrent COVID-19 pandemic. Despite
such evidence, many uses remain off-label and unex-
ploited in practice. Generalization of echocardiography
at the point of care can become a much-needed turning
point in the clinical approach to case management. To
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actualize such aspirations, we recommend further pro-
spective and interventional studies to examine the effect
of implementing advanced techniques at the point of
care on the decision-making process and evaluate their
effectiveness in prevention of cardiovascular morbidities
and mortalities. (Curr Probl Cardiol 2022;47:100847.)
Introduction

H
eart failure (HF) has been defined as a global pandemic, affect-

ing 26 million people worldwide and posing a lifetime risk of

20%. In 2012, it accounted for 10% of US health expenses for

cardiovascular diseases. These costs are expected to reach a 127%

increase by 2030. For a long time, there have been efforts to develop

cost-effective methods for primary prevention of HF by tackling its most

common risk factors.1,2 Systemic diseases are being increasingly sorted

among them since their incidence is showing epidemic trends, the most

remarkable examples being hypertension (HTN), obesity, and diabetes

mellitus (DM) (Table 1). Given the modest effects of therapy when car-

diac affection is diagnosed late in the disease course, a progressive need

arises for a point of care tool. Practitioners of different specialties, not

necessarily cardiologists, should be able to use such tool to detect cardiac

dysfunction early on in the disease, determine its degree, and monitor dis-

ease progression.3

Echocardiography is gaining ground in that aspect, being a non-inva-

sive and cost-effective imaging modality that is no longer confined to

echocardiography labs but has instead been developed to become more

portable attaining commercially available and affordable hand-held

devices.4,5 Furthermore, increasing evidence is accumulating which sup-

ports the use of novel echocardiography techniques and technologies to

detect early cardiac injury and proves their advantage over conventional

ones in its assessment and management in terms of reproducibility, time

consumption, cost-efficiency, and feasibility.6

It is human nature to be enticed by new technology and as physicians,

we are no different. However, in order for new technology to realize its

full potential, it should be evaluated in light of its real place in the clinical

workflow. In this study, we exhibit three relatively nascent echocardiog-

raphy techniques namely: Speckle Tracking Echocardiography (STE),

Contrast Echocardiography, and Three Dimensional Echocardiography

(3DE). Showing their advantages, limitations, and promising clinical

implications in a variety of secondary cardiac affections caused by a
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wide spectrum of systemic diseases, as a rationale for their generalization

in healthcare service.
Speckle Tracking Echocardiography
Among several new techniques, speckle tracking echocardiography

(STE) has enabled the transition of echocardiography from an investiga-

tion dependent on subjective image interpretation to an objective set of

diagnostic parameters.27 At its core, STE implements 2D or 3D echocar-

diography to assess ventricular contractility through myocardial deforma-

tion imaging widely known as strain imaging.28 Strain is a unitless

measurement of deformational change i.e. the relative movement

between two points in space during the cardiac cycle, which when related

to a timeframe, strain rate is measured. A special software analyzes serial

images by precisely tracking the movement of clusters of speckles each

of them having an acoustic marker functioning as its unique ultrasonic

fingerprint.6 Strain can be evaluated in different planes to image the heart

from a longitudinal, circumferential, or radial point of view. The software

divides the myocardium into segments individually evaluated for regional

strain, then averages the regional values from multiple windows to obtain

the global strain. While the majority of cardiac myofibers are circumfer-

entially arranged, longitudinal fibers are the most prone to injury being

mostly found in the less perfused sub-endocardium. Thus, global longitu-

dinal strain (GLS) is a very sensitive sign of ventricular injury and an

accurate predictor of left ventricular ejection fraction (LVEF) drop.6 It’s

also the most validated, reproducible, time-efficient, and the most com-

monly used parameter in clinical trials and practice.29,30
Technical Advantages of STE over Tissue Doppler Imaging
Prior to the introduction of STE, strain imaging was based on velocity

changes detected by tissue Doppler imaging (TDI) entailing perfect align-

ment of the probe axis to the vector of contractile motion of interest to the

observer; such hurdle is referred to as angle dependency. Significant

inter-observer variability and noise artifacts also contributed to the lim-

ited use of strain imaging despite its clinical usefulness.31 In addition to

angle-independence which is considered one of STE’s greatest advan-

tages, shorter analysis time and better reproducibility make it superior to

TDI. The technique’s functionality is also complemented by its accuracy

relative to gold standards as well as its ability to differentiate between the

active contraction of each segment and tethering forces from adjacent
Curr Probl Cardiol, June 2022 3



ones. Additional motion patterns such as torsion, dyssynchrony (seg-

ments not reaching peak strain simultaneously) and diastolic parameters

can also be assessed.29 Being a semi-automated technique also acts

towards minimalizing subjectivity and human error.32
Speckle Tracking Echocardiography in Systemic Diseases
In comparison with conventional parameters, assessment of cardiac

strain imaging is capable of detecting cardiac affection in systemic dis-

eases at an earlier stage. This in turn provides the opportunity of earlier

intervention and treatment as well as risk assessment and prognostication

of such affection’s manifestation in the form of cardiac events. Table 2

summarizes the uses of STE in systemic heart diseases.

It’s reasonable that STE should acquire an established place in daily

practice, given its relative ease and proved potential in improving patient

care in diseases across diverse fields of practice. To motivate that claim,

we shall present an elaborate outline of available evidence for its uses in

systemic heart diseases.

STE in Toxic Cardiomyopathy. Scenarios of cardiac dysfunction caused by
sepsis have witnessed the most potential for STE in critical care management

where several STE parameters were of benefit. Reduced LVGLS was

recorded in patients with normal LVEF and provided valuable prognostic

insights. A hypothesis was raised explaining such findings on basis of micro-

vascular ischemia occurring in the pathophysiological cascade of sepsis and

affects sub-endocardial layers. RV free wall strain can detect RV dysfunction

and surpasses conventional parameters in the decision-making process of

device implantation and heart transplantation. Peak torsion and apical rota-

tion were decreased in cases of sepsis when compared against controls in a

study where LVEF showed no significant differences.29

STE for Monitoring of Potentially Cardiotoxic Cancer Therapy. Recently,
cancer therapy-related cardiac dysfunction (CTRCD) has become more

prevalent due to increased survival rates of cancer patients, especially in

childhood cancer survivors which has risen from almost 50% to 80 % from

1970 to 2010 due to advanced management techniques.33 Cardiotoxicity is

the third most likely cause of morbidity and mortality in childhood cancer

survivors, being only preceded by malignancy recurrence or secondaries.34

Furthermore, childhood cancer survivors were found to be at an eightfold

increased risk of cardiotoxicity-related death compared to their healthy

counterparts.35 This cardiotoxicity, which can limit the use of some
4 Curr Probl Cardiol, June 2022



chemotherapeutic agents if detected early, will allow agent discontinuation

or dose adjustment along with proper management.36 The FDA recom-

mends the interruption of treatment with certain agents whenever LVEF is

decreased.37 Recent evidence shows that LVEF decrease is subtle and

varies by only 3-5% during and after administration when assessed by stan-

dard 2DE. It can be missed during routine assessment as opposed to the

early detectable and significant reduction of 2DSTE global parameters. A

cut-off value of 14% reduction from pre-administration GLS is a signifi-

cant sign of cardiotoxicity.38

CTRCD is classified into type 1 dose-dependent irreversible myocardial

damage which is mainly attributed to anthracyclines and type 2 dose-inde-

pendent reversible damage including trastuzumab and other agents. GLS

was proved to be helpful in risk stratification and long-term follow up for

both types, showing persistent reduction after 6 and 12 months with trastu-

zumab and after 10 years with anthracyclines in childhood cancer survi-

vors.39 STE parameters decline with preserved or reduced LVEF is also

recorded with administration of proteasome inhibitors and immune check-

point inhibitors.40 Existing recommendation for the use of STE in CTRCD

follow up include the SAFE-HEaRt study recommending GLS measure-

ment at baseline and every 3 months in patients on trastazumab.41

Compared to other modalities such as MRI, coronary CT, and positron

emission tomography (PET) nuclear imaging, echocardiography is more

available, less expensive, and does not involve ionizing radiation. With

the downside being its low accuracy.40 Such criteria advocate its use as a

first-line investigation to later be confirmed by other modalities.

Multiple STE parameters such as GLS, global circumferential strain

(GCS), Longitudinal strain rate (LSR), and circumferential strain rate

(CSR) helped track the progress of Angiotensin converting enzyme inhib-

itors (ACEI) and Angiotensin receptor blockers (ARB) in treatment of

CTRCD. The mentioned parameters improved with therapy and were sus-

tained during and after the 1-year follow-up period. Such results were

obtained with good reproducibility which provides support for the use of

STE in cardiac monitoring of cancer survivors.42

Radiotherapy used for treatment of chest malignancies may also have

cardiac complications referred to as radiotherapy-Induced Heart Disease

(RIHD), which progresses from inflammation to capillary lesions to a

fibrotic end-stage.43 This can potentially lead to cardiac death secondary

to coronary lesions and other structural and functional damage.43,44 Car-

diac morbidity may take place during a variable timeframe, with subjects

showing persistent changes for as long as 10 years after therapy.45 Using

STE, a dose-dependent LV regional and global longitudinal strain decline
Curr Probl Cardiol, June 2022 5



was observed in the acute phase of irradiation exposure.46�48 A cut-off

value of GLS decrease > 10% was suggested as a sign of subclinical car-

diotoxicity.49 Despite its effectiveness in detecting RIHD -which poses a

serious health risk to cancer survivors- with significant and persistent cor-

relation, no recommendations or guidelines were established.50

STE in Immune-Mediated Diseases. In a controlled study involving

patients of rheumatoid arthritis free of cardiovascular symptoms, evalua-

tion of left and right ventricular GLS using STE revealed worse results in

patients with active disease than those in remission who were still distin-

guishable from the controls. Meanwhile, the groups were inseparable by

conventional echocardiography, which could only detect late diastolic

dysfunction in a stage of heart failure. LV wall thickness at end-diastole,

EF%, peak mitral and tricuspid E and A wave velocities were among 15

conventional parameters used to assess left and right ventricular function

yet turned out to be incapable of differentiating among the three groups.51

Alteration of thyroid hormone levels seen in thyroid diseases has a pro-

found effect on the heart.52 New evidence casts the light on another path-

ophysiological mechanism leading to cardiac affection. In subjects with

Grave’s disease, GLS decline was recorded despite treatment and correc-

tion of thyroid profile. This suggests the autoimmune component of the

disease being responsible for such dysfunction as GLS correlated to

TIMP-1 levels, which plays a role in cardiac remodeling. These findings

imply the use of STE for detecting subclinical cardiomyopathy as well as

ophthalmopathy as they’re affected by the same mechanism. Unsuccess-

ful normalization of GLS upon reaching a euthyroid state could suggest

Grave’s disease as the cause of hyperthyroidism.53

Rheumatic heart disease (RHD) is known to cause severe disability

and premature death. While advanced stages of the disease do not directly

affect the myocardial function, the acute attack of pancarditis may cause

persistent insignificant myocardial changes. Such changes were consid-

ered to aid the diagnosis of latent RHD as suggested by a study involving

a pediatric cohort with latent RHD who had decreased GLS despite no

decline in LVEF or valve lesion.54 STE parameters can also detect mild

mitral stenosis and surpass conventional parameters, as well as TDI, in

providing prognostic information regarding the optimal timing for surgi-

cal correction in subjects with mitral regurgitation to avoid postoperative

LV dysfunction.55,56

Myocardial involvement in systemic lupus erythematosus (SLE) is

caused by accelerated atherosclerosis and poses a 10-fold increase in the

risk of cardiovascular morbidity and mortality.57 Despite being among
6 Curr Probl Cardiol, June 2022



the leading causes of death, early dysfunction is symptomless and unde-

tectable by lab tests or conventional 2DE. STE, on the contrary, shows

reduced LVGLS, GLS rate, GCS, GRS, and RV longitudinal strain.58 It’s

of particular value to patients with juvenile SLE, as it enables preventing

long-term cardiovascular complications and monitoring response to ther-

apy. Therefore, routine follow-up with STE is recommended.59

Patients with systemic sclerosis (SSc) suffer from cardiac involvement

in the form of pulmonary hypertension and RV dysfunction, which con-

stitutes one of the main causes of morbidity and mortality.60 Cardiac

magnetic resonance (CMR) is the current gold standard owing to its abil-

ity to detect subtle fibrotic patches.61 Strain parameters including GLS

can detect similar abnormalities detected by CMR, along with STE being

superior to CMR in regards of cost and availability.62,63 STE can also be

used in risk stratification concerning cardiovascular events and the need

for preventative cardio-protective medication.64

STE in Infiltrative Diseases. Cardiac causes of death in thalassemic

patients account for a leading 75%.65 The use of STE has allowed early

detection of cardiac affection which occurs due to two main reasons and

shows different findings upon imaging: The first is iron deposition within

the myocytes through L-Type calcium channels as a result of iron over-

load, which impairs the excitation-contraction coupling leading to abnor-

mal contractility. The manifestation of iron deposition in the sub-

epicardium occurs in the form of abnormal LV GCS. The second is

chronic hypoxia which affects the sub-endocardium and influences the

LV GLS.66�68 The utilization of STE in follow up of those patients to

detect such signs is of great value since the deposited iron has a half-life

of 14 months and earlier intervention to prevent accumulation yields a

better outcome.69 Moreover, It allows risk stratification of developing

overt systolic dysfunction and helps in tailoring the right chelating agents

for each patient.70,71 The currently used follow-up technique is T2-

weighted cardiac magnetic resonance (CMR T2) which evaluates myo-

cardial and hepatic iron load as a guide for management.67 STE can offer

comparable results while being less expensive and has detected abnormal

strain in patients with normal T2 CMR.72,73 Besides, it takes into consid-

eration other mechanisms of cardiac affection independent of iron over-

load such as hypoxia, immune-inflammatory, and genetic factors

involved in the pathogenesis of the disease and can only be detected by

strain imaging. Yet, STE only detects chronic changes and therefore is

unable to diagnose acute cardiac changes due to severe iron toxicity or

recent therapeutic changes.67
Curr Probl Cardiol, June 2022 7



In a prospective study, 150 patients with light chain amyloidosis and

normal EF were separated based on clinical evidence of cardiac amyloid-

osis (CA). 2D STE was found to be an accurate independent prognostic

tool and a predictor of all-cause deaths especially in the group free of CA

where those with poor GLS, despite otherwise having no evidence of car-

diac involvement, had fatal outcomes. Also, GLS is a more reliable

parameter in the assessment of CA than wall thickness, which is rela-

tively non-specific, as it detects the apex-sparing characteristic of CA

and, thus, can distinguish it from other causes of left ventricular hypertro-

phy. Relative regional strain ratio (RRSR) is another STE parameter

denoting the extent of apical sparing and offers a cut-off value of 1.9

where a mean RRSR of greater value is associated with an increased

need for heart transplantation surgery and even death.74

Cardiac sarcoidosis (CS) is a condition carrying poor prognosis with 5-

year mortality rate reaching 40%. It starts with subclinical inflammation

and fibrosis causing ventricular remodeling that builds up leading to

arrhythmia and AV-block.75 GLS decline is a sensitive parameter that

detected cardiac affection in subjects with normal-range EF, and predicted

hospital admission rate and heart failure. GLS evaluation correlates to

more expensive modalities such as PET scans and CMR, signifying its

standardization as a screening method when CS is suspected.76,77

STE in Metabolic and Endocrine Diseases. Obesity and DM constitute

an epidemic, which has a debilitating adverse effect on the cardiovascular

system. GLS as measured by STE has established correlation with BMI,

the duration of DM, and whether it is controlled or uncontrolled. This

provides proof of STE’s practicality as a screening method for diabetic

and obese patients to recognize patients at risk of cardiovascular disease

and initiate prompt treatment.78�81

Type 2 DM is associated with non-alcoholic fatty liver disease

(NAFLD) which contributes to diabetic cardiovascular comorbidity.

Through the utilization of 3DSTE, a correlation between the severity of

NAFLD (measured by abdominal ultrasound) and subclinical cardiac

affection in the form of decreased left ventricular GLS, GCS, GRS, and

global area strain (GAS) was established. All cases had a normal LVEF

owing to cardiac compensation in the earlier stages. GAS indicates the

deformation of the endocardial area and denotes systolic dysfunction.

This forms a basis for the importance of cardiac assessment in diabetic

patients with moderate to severe NAFLD to allow early clinical interven-

tion and treatment.82 LV remodeling and hypertrophy are complications
8 Curr Probl Cardiol, June 2022



seen in diabetic patients and were suggested to have a causative contribu-

tion to GLS reduction.83

STE also detected systolic dysfunction in a pediatric population with

type 1 DM, which corresponded to poor glycemic control of these patients.

Type 1 DM is the most prevalent chronic pediatric disorder that can have

drastic effects on the quality of life of children owing to its early onset.

Being the most common cause of death in diabetic patients, prevention of

cardiomyopathy by screening of patients (especially those with poor glyce-

mic control) using STE should be implemented in practice.84

LV GLS was also found to be superior to conventional parameters in

management of hypothyroid-caused cardiac dysfunction, detecting affec-

tion at earlier stages and following up treatment effectiveness; as such

effects are reversible with adequate treatment. Prolonged monitoring by

STE is recommended as heart changes require time after correction of

thyroid profile to disappear.85

STE in HFpEF. Heart failure with preserved ejection fraction (HFpEF) is a

complication seen in hypertensive patients among other chronic diseases.

Since EF is preserved, the need for a diagnostic sign is of paramount

importance. GLS proved to have an objective role in prognostication of

cases where an absolute result of LV GLS below 15.8% independently

foresaw hospital admission frequency increase and increased tolls of car-

diac arrest and cardiovascular mortality.86 STE should also be integrated

into preventative strategies as systolic dysfunction in hypertensive patients

could be detected by GLS during the early stages of the disease.87 The

European Society of Cardiology (ESC) guidelines also suggested its use

for cases with high risk of developing heart failure.88

STE in COVID-19. During the COVID-19 pandemic, multiple studies

were conducted to evaluate the prognostic value of STE parameters for

the purpose of risk stratification of the numerous patients in need of hos-

pital care. The RV longitudinal strain and LVGLS were found to be inde-

pendent predictors of mortality.89,90 Implementation of STE was able to

balance the arduous equation of being vigilant for signs of myocardial

dysfunction while striving to minimize the contact between sonographers

and ICU patients.91
Limitations
Limitations impeding generalization of STE are categorized into tech-

nical and clinical limitations as follows:
Curr Probl Cardiol, June 2022 9



Technical Limitations. Inter-vendor variability remains one of the most

hindering obstacles as vendors have individual software to calculate

strain parameters, which led to results across different vendors to lack

cross-compatibility. Such variability demands serial measurements

obtained for each patient to be executed on the same equipment and soft-

ware.92 A joint venture was established for the aim of standardization of

software procedures to tackle such issues.93 There’s also no available

software tailored for assessment of left atrial or right ventricular strain.

The current software is dedicated to left ventricular evaluation and should

be applied with cautiousness on other chambers.

While STE utilizes images normally acquired for conventional 2D

echocardiography (2DE) assessment, additional time is needed for analy-

sis, which varies due to the observer expertise and obtained parameters.

GLS requires an average of 64 seconds and more is needed for GCS and

GRS. The total time of STE study is estimated to be 5 minutes and will

consequently add to the workload of busy echocardiography operators.30

On account of its underlying physical principles, Images must be of

adequate quality with minimal artifacts and good viewing of speckles and

cardiac borders. Images that fail to track more than one segment should

be discarded. Further software-related misinterpretation could also occur

despite satisfactory images. It relies on the operator to have a good under-

standing of the technique’s fundamentals, exclude unsatisfactory images,

and take into consideration the clinical context to judge the validity of

results.92 Such skills require sufficient training, which was estimated to

be at least 50 studies to achieve the capability of assessing GLS. Compa-

rable competency to expert echocardiographers in other parameters as

GCS and GRS could not, however, be reached by learners even after 100

training studies.6

Clinical Limitations. Clinically-related difficulties can be encountered;

such as its inconsistency concerning age, sex, and race. Cardiovascular

hemodynamics may also cause variability where increased afterload (as

seen in patients with severe aortic stenosis) can yield low strain readings

despite normal contractility. Preload decline in patients with severe vom-

iting and diarrhea can also lead to lower strain values. Such aspects must

undergo exceptionally mindful inspection in situations of serial assess-

ment of cases. Drug intake may also play a role in altering the hemody-

namic status of patients and must be taken into account as well.83

As previously discussed, GLS reduction is associated with a huge vari-

ety of conditions leading to cardiac dysfunction primarily or secondarily
10 Curr Probl Cardiol, June 2022



(the latter being of concern to our scope of handling systemic conditions).

Consequentially, GLS is regarded as a tool of low diagnostic specificity.

Final Remarks and Recommendations. The cost-effectiveness of STE

isn’t well investigated. With the only exception to our knowledge being its

cost-effectiveness in monitoring patients undergoing chemotherapy.94,95

More research is required to achieve full comprehension of the logistical

aspects of integrating STE into routine practice.

Currently, owing to the large number of cross-sectional studies, STE is

more of a diagnostic add-on in echocardiography. With the majority of

studies providing evidence of its importance as a sensitive and early sign.

Meanwhile, its prognostic value lags behind in need of large prospective

studies.
Contrast Echocardiography
Contrast echocardiography involves using intravenous ultrasound

enhancement agents (UEA) which is the administration of echogenic gas-

filled microbubbles enveloped by albumin, phospholipid, or polymer

shell. In opposition to free gas bubbles and hand agitated solutions, whose

lifetime in the bloodstream is short, encapsulated microbubbles are com-

pressible and remain intact after passing capillary beds.96 The shell of

contrast media is then metabolized and the gas is excreted through respi-

ration.97 UEA grant the cardiac ultrasound advantageous capabilities, not

only as a structural imaging modality but also as a functional one.98 The

current term UEA is preferable to ultrasound contrast agent (UCA) to

avoid confusion regarding iodinated or other radiopaque contrast

media.97
Contrast Echocardiography For Enhancement of LV Cavity
And Border Delineation

UEA aid in eliminating diagnostic uncertainties encountered during

cardiac ultrasound, a major barrier in almost a third of cases referred to

echocardiography.98 Recent guidelines recommend contrast administra-

tion when more than 20% of the LV endocardium can’t be visualized. In

suboptimal images, the use of small doses of UEA to increase the opacifi-

cation of the left ventricle allows better assessment of LV borders and

volumes, thus improving reproducibility and diagnosis certainty.99,100

The improved feasibility was of value in patients with obesity and

chronic obstructive pulmonary disease.101
Curr Probl Cardiol, June 2022 11



Contrast echocardiography can diagnose apical hypertrophic cardio-

myopathy (ACM), which is a common variant of hypertrophic cardiomy-

opathy in the east (one in four cases in Japan). It was found to be as

diagnostic as LV angiography, showing the characteristic spade-like LV

appearance of ACM.102 Contrast enhancement provides border demarca-

tion which aids in detection of LV thrombi showing a filling defect in the

LV cavity.103 LV thrombus is a serious complication (can lead to sys-

temic emboli) seen in cases of ischemic heart diseases, dilated cardiomy-

opathy, peripartum cardiomyopathy, and RHD.104 Most recently, contrast

echocardiography was used in COVID-19 patients with severe respiratory

distress to feasibly assess the cardiac functions during extracorporeal

membrane oxygenation (ECMO).105

Another noteworthy application is enabling better automatic border

detection, which in turn led to optimization of otherwise ineligible

images for STE.106,107 It also improved the feasibility of 3D images; pro-

viding accuracy, reproducibility, and short acquisition time.108 Therefore,

extensive availability of UEA and the awareness of their benefits and

administration protocols is key to unlocking the full potential of emerging

echocardiography techniques.
Contrast Echocardiography in Myocardial Perfusion
Imaging

Myocardial contrast echocardiography (MCE) denotes the use of UEA

for the assessment of myocardial perfusion. Having similar rheology to

RBCs,109 the microbubbles are confined to the intravascular compartment

and can be used as a marker to obtain both qualitative and quantitative

account of myocardial blood flow (MBF) in a non-invasive manner.110

Qualitative assessment depends on a scoring index performed by the

operator according to whether contrast flow is absent, heterogeneous, or

homogeneous.111 Quantitative evaluation of MBF is done using specific

software.112 Since 90% of MBF resides in capillary beds, MCE can visu-

alize the microvasculature of the myocardium and can identify segments

with impaired perfusion.113

Cardiovascular involvement in systemic diseases undergoes multiple

stages before the appearance of symptoms, each having a corresponding

sign. The earliest are metabolic changes and perfusion abnormalities fol-

lowed by diastolic and systolic dysfunction and lastly ECG changes.110

Taking into consideration the heavy burden of cardiac morbidity and risk

of mortality, generalization of MCE for detection of perfusion defects

early on in the disease progression will provide insight on both the extent
12 Curr Probl Cardiol, June 2022



of cardiac affection and prognosis, as well as aid the decision-making

process during management.

In order to demonstrate the body of the available evidence for subclini-

cal cardiac hypoperfusion detected in subjects of various systemic disor-

ders, Table 3 shows its high prevalence in several conditions. The results

were obtained by a variety of myocardial perfusion imaging modalities

such as single-photon emission computer tomography (SPECT), PET

scan, and Coronary angiography (CA).

Among the mentioned various modalities used for clinical assessment

of myocardial perfusion, MCE possesses the following advantages: (1)

less invasiveness than CA, PET, and SPECT, as it does not involve using

ionizing radiation or catheterization; (2) best temporal resolution allows

the acquisition of optimal images; (3) better spatial resolution than

SPECT and PET, which allows more accurate representation of sub-

endocardial hypoperfusion; (4) its portability enables bedside assessment;

(5) its ability to assess absolute MBF; (6) its low cost and wide

availability.126�128

Such advantages do not come at a cost of lower diagnostic accuracy.

MCE provides comparable results with nuclear imaging modalities,

which are the most commonly used for non-invasive assessment of myo-

cardial perfusion.129 Several studies and meta-analyses concluded MCE’s

concordance with SPECT130�132 and CA110,112,132 in diagnosing coro-

nary artery disease, which is an end-point of many systemic diseases and

the leading cause of death worldwide.133 In addition, MCE can be used in

diagnosis of coronary microvascular disease (MVD or CMD), a.k.a. small

artery disease, which results from systemic atherosclerosis and can lead

to cardiac events in younger population even in the absence of coronary

obstruction.134,135 Such findings vouch for MCE to be generalized as a

first-line investigation for suspected myocardial ischemia.110

As for emergency medicine, particularly acute chest pain with non-

diagnostic ECG, MCE provides the combined insight of wall motion and

MBF, which allows the assessment of the infarction-related artery (IRA).

The degree of IRA’s patency influences the decision-making process

when planning for percutaneous intervention (PCI) as a life-saving proce-

dure in acute myocardial infarction.136 MCE showed superiority over

thrombolysis in myocardial infarction (TIMI) score, providing accurate

prognostic information regarding the risk of short- and long-term cardiac

events.137 Furthermore, intriguing preclinical conclusions that high-

mechanical-index flashes during UEA infusion can restore defective

microvasculature have motivated the clinical trial of MCE as a supportive

therapeutic measure (so-called sonothrombolysis) in ST-elevated
Curr Probl Cardiol, June 2022 13



myocardial infarction. The addition of sonothrombolysis to PCI yielded

sustained improvement in recanalization leading to a smaller infarct

when compared to PCI alone.138

Despite the immense amount of evidence on MCE’s effectiveness and

practicality, as well as the high prevalence of myocardial perfusion

defects in systemic diseases, there is a lack of large-scale trials for estab-

lishing direct evidence of MCE’s role in early diagnosis and intervention

in conditions of non-cardiac origin. We consider this as a fundamental

obstacle in undertaking an evidence-based approach for generalization of

MCE in systemic diseases and encourage further research in that aspect.

Cost-Effectiveness. The cost of UEA and the time they require to be

administrated are an investment proven to be clinically profitable, espe-

cially in settings of surgical and medical ICUs followed by in- and outpa-

tient assessment for various reasons. The most prominent being reduced

technical difficulties involved in image interpretation. In a large cohort of

632 patients, the studies considered as technically difficult decreased

from 86.7% before contrast administration to 9.8% (P < 0.0001). In addi-

tion, the incomprehensible results dropped from 11.7% to 0.3%.139 In

another study adequate visualization was attained in 87% of cases against

only 13% before contrast administration. Another important reason is

avoiding further imaging procedures such as transesophageal echocardi-

ography -which offered relatively little improvement over MCE- or even

nuclear imaging modalities in one of three cases.139-140 It was also an

influential factor in drug choice, altering the previously prescribed drug

in 10.4% of cases.139 In many clinical trials a decrease of downstream

costs which varied from $122139 to $269140 was attained. Contrast admin-

istration eliminated the time spent by the sonographer unsuccessfully

attempting to improve suboptimal or uninterpretable images � the so-

called "struggle time".141 Also, the use of UEA improved the reproduc-

ibility of results and decreased interobserver variability to an agreement

rate of 87% when viewed by two independent observers.142

Training. MCE is operator dependent, that’s why the MCE training must

ensure full understanding of the foundational technology involved to

avoid misinterpretation. Despite the availability of automatic gain con-

trol, the user must be aware of operational settings and using a suitable

mechanical index during the imaging process to avoid artifacts, which

may appear as hypoperfused regions of the myocardium.110 Artifacts

occur due to unintentional microbubble destruction in the near field, espe-

cially with high mechanical index. The opposite can happen, where UEA
14 Curr Probl Cardiol, June 2022



in the near field shadow deeper segments, causing them to seem ische-

mic.143 True perfusion defects are, however, typically sub-endocardial

and will not disappear by changing the view. Shadowing by the lungs is

also encountered and can hinder image interpretation.110

The European association of cardiovascular imaging (EACVI) pro-

vides elaborate guidelines and checklists and recommends that operators

must be oriented with administration procedures and adverse effects of

UEA administration as well as basic life support. They should perform

and interpret 25 studies under supervision and uphold their competency

by fulfilling a minimum of 50 studies per year.143

Safety of UEA. There are reported cases of immunological reaction to

UEA reaching anaphylaxis in rare cases. However, many trials concluded

its safety even for the critically ill. The largest trial to our knowledge

involved 78,383 administered UEA doses with only 4 patients developing

an anaphylactic reaction that resolved with treatment.144 UEA are, how-

ever, contraindicated in patients with known allergy to the shell or gas

constituents. Yet with multiple commercially available types of UEA, a

different agent can simply be used.97 Concerns of ischemic adverse

effects, which led to the FDA black-box warning in 2007, have also been

addressed providing proof of UEA safety.145
Three-Dimensional Echocardiography
Conventional 2DE includes various geometric assumptions leading to

inaccurate volume estimation. To overcome such problem, early 3DE

images were constructed by aligning multiple 2D slices, inferring techni-

cal difficulties and time consumption. Recent technology has enabled

real-time 3DE (RT3DE) through the invention of a probe that can gener-

ate and transduce ultrasound waves in a 3D radial manner, acquiring large

datasets that allow 3D visualization of the heart, achieving high temporal

and spatial resolution without the need for post-imaging processing.146

This technological breakthrough facilitates volumetric evaluation of

the heart. Accurate quantification of volumes was of benefit to patients

undergoing chemotherapy, being a reproducible parameter for 1 year of

follow-up.147 It could also detect left atrial remodeling in a prospective

study that concluded the significance of such remodeling as a sign of sub-

clinical cardiac affection due to increased cumulative blood pressure,

thereby recommending 3DE as a modality for early detection of cardio-

vascular disease.148
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3DE obtains an optimal anatomical representation of the cardiac

valves. Assessment of mitral valve area in rheumatic mitral stenosis plays

a major role in the decision-making process regarding surgical treatment,

the assessment done by 3DE provides comparable measurements to the

reference method (Gorlin formula) which entails invasive intervention.149

It was also used for the assessment of aortic valve calcification (AVC), a

pathological entity of resemblance to coronary artery disease, providing

quantitative evaluation with comparable accuracy to multidetector CT.

Being involved in the pathological cascade of aortic stenosis, early detec-

tion of AVC in cases at risk of atherosclerosis is of significant relevance

to the management plan.150

Utilization of 3DE in STE brings about better tracking of myocardial

speckles throughout the cardiac cycle. Since cardiac movement occurs in

three planes, speckles can go out of plane when using 2DE. 3DSTE can

assess the cardiac strain in one cardiac cycle, overcoming beat-to-beat

variability.31,151 Its ability to measure all strain parameters from the api-

cal window (as opposed to multiples windows required in 2DSTE) and

its shorter analysis time contribute to the overall practicality of 3DSTE

by rendering it time-efficient. GAS is an exclusive parameter to 3DSTE,

which aided the assessment of diabetic patients among others as men-

tioned before. Yet, 3DSTE remains limited by 3DE image acquisition

being less feasible than 2DE. Overcoming technical difficulties through

software and hardware optimization can potentially make 3DSTE the

gold standard in the assessment of cardiac functions.152
The Case for Machine Learning in Echocardiography
Implementation of artificial intelligence (AI), particularly machine

learning (ML), in medical practice has gained an increasing interest. Auto-

mation of echocardiography is already used in techniques as STE, 3DE,

and Fourier analysis of 2DE.153,154 While automation requires pre-coded

fixed algorithms, ML relies on computer-generated algorithms based on

existing images that are either pre-labeled (supervised ML) or unlabeled

(unsupervised ML) where any emerging patterns could be identified; such

algorithms can self-improve over time which is referred to as reinforce-

ment ML.155 ML, therefore, can utilize the huge amount of data being gen-

erated and potentially overlooked by manually-coded algorithms.156

ML models provide accuracy that resembles or even surpasses human

operators.157 In busy scenarios clinicians resort to visual interpretation,

so-called “eye-balling”, which relies on individual expertise.158 Hence,

the ability to accurately and almost instantaneously provide quantitative
16 Curr Probl Cardiol, June 2022



and objective data comprising EF159�161, wall motion abnormality

(WMA)162�164, mitral regurgitation (MR)165, and GLS159,166 among

others justifies the need for widespread exploitation of AI’s potential apti-

tudes. Evidence for using ML in medical imaging to diagnose pathologi-

cal entities is established with the first algorithm for medical decision

making without human interference gaining FDA approval in 2018.167 A

noteworthy example is its use with CT in hospitalized patients with

COVID-19.168 Nonetheless, ML doesn’t eliminate the need for diagnostic

radiologists but will rather evolve to be an indispensable tool in their

arsenal.169

To realize its potential, the most important technical difficulty to be

overcome is the establishment of a reliable infrastructure capable of sus-

tainable operation.170 The consequential ethical dilemmas must also be

contemplated such as the “black box” problem concerning deep learning

algorithms being humanly uninterpretable and will take into consider-

ation factors with no understandable clinical significance. Another exam-

ple is the legal ownership of the huge corpus of data being generated and

the right to obtain a financial profit from it.171

As a matter of fact, the advancements in ML are well beyond the scope

of speculative possibility. Its regimentation will allow healthcare profes-

sionals with limited (but certainly essential) knowledge of echocardiogra-

phy to evaluate the heart at the point of care, thereby accrediting the

cardiac ultrasound with its widely known promise to become the stetho-

scope of the future.172
Conclusion
In today’s clinical environment, where resources are scarce, the general-

ization of advanced echocardiography techniques will aid in alleviating the

substantial burden of systemic diseases on the heart. STE is a sensitive

modality for detection of subclinical systolic dysfunction. LVGLS is the

most significant parameter used in STE, providing objective cut-off values

to guide the decision-making process. Its superiority to LVEF implies its

widespread use as a screening method for subjects at risk of developing

secondary cardiac pathology. Its generalization is also encouraged owing

to its feasibility and easy trainability. Further research is needed to evaluate

STE’s cost-effectiveness and logistical hurdles. Contrast enhancement of

the cardiac ultrasound eliminates the ambiguity often encountered in echo-

cardiographic imaging, which enables better visualization of the cardiac

structure and function; a merit of benefit to patients suffering from obesity

or lung diseases. UEA administration is used to opacify the LV cavity, thus
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detecting intramural lesions. MCE can detect subclinical microvascular

perfusion defects that may present with fatal ischemic attacks if remained

untreated. Its direct practicality in patients of different systemic diseases

must be tested in large-scale trials to obtain indisputable evidence for its

generalization. 3DE’s ability to visualize the heart in all planes simulta-

neously and in real time provides accurate quantitative volume analysis

without geometrical assumptions, as well as realistic anatomical represen-

tations of cardiac valves. The synergistic effect of using multiple modali-

ties at once can overcome technical difficulties and improve feasibility.

Combined with the potential of ML, echocardiography enables comprehen-

sive bedside and ambulatory evaluation of the heart. We shed the light on

the necessity and urgency of integrating echocardiography into the first

ranks of guidelines and management algorithms, as well as making it more

available at the point of care and more accessible to general practitioners.

The substantial beneficence it grants should not remain contained within

echocardiography labs.
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Appendix (1)
Table 1. Cardiac burden of systemic diseases.

Disease Prevalence Percentage Of Heart

Affection

Risk Of Cardiac Death

Hypertension 31.5% (low-income
countries)
28.5% (high-
income countries)7

Accounts for 50% of
ischemic heart
disease cases8

13% of total deaths
worldwide8

Obesity 13% in 18 yo and
older9

40% increased risk
for CVD with every
5kg/m2 BMI
increase10

Diabetes mellitus 8.5%11 Every 1% increase
in HbA1c
corresponds with
30% increased risk
of HF12

65%13

Radiation induced
cardiomyopathy

- 0.5-37% in breast
cancer (dose-
dependent).14

49.5-54.6% in
Hodgkin
lymphoma.14

1.5 to 3 fold increased
fatal myocardial
infarction risk
compared to
unirradiated Hodgkin
lymphoma patients.15

62% increased
cardiac deaths among
breast cancer
survivors 16

Chemotherapy-
related
cardiomyopathy

- anthracyclines:
5-48% (dose
dependent).17

trastazumab:
7-34%18

68% 5-year survival rate
with cardiac affection
as leading cause19

Rheumatic heart
disease20

30 million people
globally

60% 305,000 deaths/year

Systemic Lupus
Erythematosis

20 to 150 cases per
100,000 in US21

50%22 32%23

Rheumatoid arthritis 0.2�1.0%24 48% increased risk
of developing CVD
events25

39.6%26
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Table 2. Uses of STE in systemic heart diseases.

Toxic cardiomyopathy Chemotherapy-related cardiac dysfunction(a)(b)

Radiotherapy-induced heart disease(b)

Septic myocarditis(a)

Immune-mediated diseases Rheumatic heart disease(b)

Rheumatoid arthritis
Grave’s disease
Systemic lupus erythematosus(a)

Systemic sclerosis
Infiltrative diseases Thalassemia(a)(b)

Amyloidosis(b)

Sarcoidosis(b)

Metabolic and endocrine diseases Obesity(a)

Diabetes mellitus type I&II(b)

Hypothyroidism
Infective diseases COVID-19(b)

Others HFpEF(b)

(a) STE uses having a prognostic role in monitoring response to treatment.
(b) STE uses having a prognostic role in monitoring disease progression.
STE has an early diagnostic value in all uses mentioned.

Table 3. prevalence of abnormal myocardial perfusion in systemic diseases.

Condition Imaging modality Abnormal perfusion% of cases

Type 2 DM (free of cardiac
symptoms)

Technetium-99m sestamibi
SPECT

10.3%114 �15.9%115�25%116

PET scan 13.5%117

SLE Technetium-99m sestamibi
SPECT

33%118

Coronary angiography 38%118

Rheumatic heart disease Coronary angiography 10.91%119

HIV 99m Tc-tetrofosmin SPECT 9.6%120

Sarcoidosis PET scan 65.6%121

Amyloidosis PET scan 81.9%122

CMR 100%123

Sickle beta-thalassemia Exercise Tc-99m
tetrofosmin gated SPECT

27%124

Emergencies (Acute chest
pain with negative ECG
and Troponin)

Stress SPECT 12.1%125
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Appendix (2): Figure Legends
FIG 1: Fundamental Principles of STE.

Caption: Top: The fundamental principles of speckle-tracking echocar-

diography. Myocardial speckles are tracked in multiple frames to mea-

sure myocardial deformation in different directions. Bottom: Different

components of left ventricular myocardial deformation that can be mea-

sured by speckle-tracking echocardiography. Image courtesy of Bansal

and Kasliwal.173
FIG 1. Fundamental principles of STE. (Color version of figure is available online.)
FIG 2:

Title: Steps Involved in STE.

Caption: (A) Endocardial border is manually traced and the software

obtains a region of interest. (B) Reviewing and approving adequate track-

ing of each segment. (C) Multiple Color-coded strain curves are gener-

ated. (courtesy of Bansal and Kasliwal173) A bull’s eye map is generated

displaying regional and global peak strain in cases of (D) Athlete, (E)

HFpEF, (F) Hypertension, and (G) Cardiac amyloidosis with the apical

sparing pattern. (courtesy of Zito et al.83)

FIG 3:

Title: Contrast echocardiography as a structural imaging modality.

Caption: Top: UEA aid in the disambiguation of unclear images. Bot-

tom: Contrast echocardiography clearly detects a cardiac thrombus

appearing as a filling defect. (Image courtesy of Eskandari and Mona-

ghan.174)
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FIG 2. Steps of performing STE. (Color version of figure is available online.)

FIG 3. Contrast echocardiography as a structural imaging modality.
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FIG 4:

Title: Contrast echocardiography in myocardial perfusion imaging.

Caption: (A, B) The operator uses ultrasound flashes to induce micro-

bubble destruction. (C) Yellow arrows show a perfusion defect in the lat-

eral wall. (D) Red arrows show a perfusion defect in the inferolateral

wall. (Image courtesy of Eskandari and Monaghan.174)
FIG 4. Contrast echocardiography in myocardial perfusion imaging. (Color version of figure is
available online.)
FIG 5:

Title: 3DE provides quantitative volumetric analysis without geometri-

cal assumptions.

Caption: Real-time 3DE obtain multiple slices that are used to con-

struct a 3D model of the left ventricle at end-diastolic volume (EDV) and

end-systolic volume (ESV). This allows accurate quantitative analysis of

the cardiac volume. (Image courtesy of Hung et al.175)
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FIG 5. 3DE provides quantitative volumetric analysis without geometrical assumptions. (Color
version of figure is available online.)
FIG 6:

Title: 3DE obtains realistic anatomical representations of the cardiac

valves.

Caption: (A) Normal mitral valve in systole. (B) Mitral valve prolapse.
FIG 6. 3DE obtains realistic anatomical representations of the cardiac valves. (Color version of
figure is available online.)
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Appendix (3): list of abbreviations
2D: 2-dimensional

2DE: 2-dimensional echocardiography

3DE: 3-dimensional echocardiography

ACEI: angiotensin converting enzyme inhibitor

ACM: apical hypertrophic cardiomyopathy

AI: artificial intelligence

ARB: angiotensin receptor blocker

AV: atrioventricular block

AVC: aortic valve calcification

CA: cardiac amyloidosis

CA: Coronary angiography

CMR T2: T2 weighted cardiovascular magnetic resonance

COVID-19: 2019 coronavirus disease

CS: cardiac sarcoidosis

CSR: circumferential strain rate

CT: computer tomography

CTRCD: cancer therapy-related cardiac dysfunction

DM: diabetes mellitus

EACVI: European association of cardiovascular imaging

ECG: electrocardiogram

EF%: ejection fraction

ESC: European Society of Cardiology (USED ONCE)

FDA: Food and drug administration

GAS: global area strain

GCS: global circumferential strain

GLS: global longitudinal strain

GRS: global radial strain

HF: heart failure

HFpEF: Heart failure with preserved ejection fraction

HTN: hypertension

ICI: immune checkpoint inhibitors

IRA: infarction-related artery

LSR: longitudinal strain rate

LV GLS: left ventricular global longitudinal strain

LVEF: left ventricular ejection fraction

MBF: myocardial blood flow

MCE: Myocardial contrast echocardiography

ML: machine learning

MR: mitral regurgitation
Curr Probl Cardiol, June 2022 25



MRI: magnetic resonance imaging

MVD or CMD: coronary microvascular disease

NAFLD: non-alcoholic fatty liver disease

PCI: percutaneous intervention

PET: positron emission tomography

RHD: rheumatic heart disease

RIHD: radiotherapy-induced heart disease

RRSR: Relative regional strain ratio

RT3DE: real-time 3-dimensional echocardiography

RV: right ventricle

SLE: systemic lupus erythematosus

SPECT: single-photon emission computer tomography

SSc: systemic sclerosis

STE: speckle tracking echocardiography

TDI: tissue Doppler imaging

TIMI: thrombolysis in myocardial infarction

TIMP-1: tissue inhibitor of metalloproteinase-1

UCA: ultrasound contrast agent

UEA: ultrasound enhancement agents

WMA: wall motion abnormality
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