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The power of the left
atrioventricular coupling index
in cardiovascular disease
Xu Liu1, Jing Wang2, Yan Tong1 and Shuai Wang1*
1Department of Cardiology, The Second Affiliated Hospital of Shenyang Medical College, Shengyang,
Liaoning, China, 2Department of Social Services, Shengjing Hospital Affiliated to China Medical
University, Shengyang, Liaoning, China
The left atrioventricular coupling index (LACI) has emerged as a novel and
transformative biomarker in cardiovascular research, addressing long-standing
limitations in traditional cardiac function assessments. By quantifying the
ratio of left atrial to left ventricular end-diastolic volumes, LACI offers
unprecedented prognostic insights into a wide range of cardiovascular
diseases, including atrial fibrillation, heart failure, and myocardial infarction, as
well as other conditions such as hypertension and cardiomyopathies. Recent
evidence highlights its unique ability to integrate atrial and ventricular
dynamics, offering a more comprehensive perspective on cardiac health and
disease progression. This review synthesizes the latest advancements in LACI
research, elucidates its underlying pathophysiological mechanisms, and
explores its expanding clinical applications as a pivotal tool for risk
stratification, precision diagnostics, and personalized therapy in
cardiovascular medicine.
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1 Introduction

Cardiovascular disease remains the leading cause of global morbidity and mortality,

with its prevalence projected to increase by 90.0%, and related deaths expected to reach

35.6 million annually by 2050 (1). This underscores the critical need for innovative

tools to enhance early detection and improve risk stratification. Conventional measures

of cardiac function, such as left ventricular (LV) ejection fraction (LVEF) and global

longitudinal strain, have long been foundational in clinical practice for assessing

ventricular performance (2). Similarly, indices reflecting left atrial (LA) function,

including LA function index and atrial strain, have demonstrated their value in

predicting outcomes such as atrial fibrillation (AF) and heart failure (HF) (3–5).

However, these conventional paradigms primarily assess either the atrium or ventricle

independently and fail to account for the dynamic interaction between these chambers

—an interaction that is central to normal cardiac physiology and pathophysiology.

In recent years, the left atrioventricular coupling index (LACI) has emerged as a novel

parameter designed to address this limitation. By quantifying the ratio of LA to LV end-

diastolic volumes during the mitral valve closure phase, LACI offers a more integrative

assessment of atrial-ventricular interplay (6). This unique biomarker bridges traditional

gaps in cardiac evaluation, providing insights into both atrial and ventricular

dysfunction within the same framework. Furthermore, LACI demonstrates robust

prognostic utility across a wide spectrum of cardiovascular conditions, including AF (7),
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HF (8), acute myocardial infarction(AMI) (9), and beyond. Its

versatility is further enhanced by its compatibility with multiple

imaging modalities, such as cardiac magnetic resonance imaging

(CMR), computed tomography (CT), and transthoracic

echocardiography, ensuring a broad range of clinical applications.

This review consolidates recent scientific advancements related

to LACI, critically evaluating its emerging role in cardiovascular

medicine. It provides an overview of the methodologies

employed to measure LACI across varying imaging platforms,

explores its association with key cardiovascular conditions, and

discusses its potential to enhance diagnostic precision and

prognostic accuracy. By synthesizing these findings, this review

aims to support further advancement of LACI as a clinically

invaluable tool for improving the management and risk

stratification of patients with cardiovascular diseases.
2 Physiological and hemodynamic
foundations of LA—LV coupling

The LA plays a critical role in the cardiac cycle, fulfilling three

distinct functions during different phases: the reservoir phase

during ventricular systole, the conduit phase in early diastole,

and the booster pump phase in late diastole (10). During

ventricular systole, the downward displacement of the mitral

annulus, driven by LV contraction, influences the compliance

and relaxation of the LA, thereby determining its reservoir

capacity. The energy stored in the LA during systole is

subsequently released upon mitral valve opening, significantly

contributing to an adequate LV stroke volume (11). Conversely,

the conduit function of the LA is closely linked to LV diastolic

properties, including the suction force generated during LV
FIGURE 1

Functional roles of the LA during the cardiac cycle. (A) Reservoir phase: The
the mitral valve is closed. During this phase, the LA expands to its maximal v
valve. (B) Conduit phase: The mitral valve opens, and the LA functions as a p
the LA into the LV. This phase leads to LV expansion and filling, with min
contracts actively, functioning as a booster pump to enhance LV filling.
preload and priming the LV for systole. LA, left atrium; LV, left ventricle.
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relaxation and the stiffness of the LV chamber. Meanwhile, the

booster pump function of the LA depends on its contractile

capacity, as well as the compliance and pressure of the LV at

end-diastole (12). This process is further illustrated in Figure 1.

Notably, in healthy individuals, the absence of atrial

contraction—as observed in AF—can reduce LV stroke volume

by approximately 20% to 30% (13).

Emerging evidence suggests that minimum LA volume serves

as a more sensitive indicator of LV end-diastolic pressure

compared to maximum LA volume (6). This can be attributed to

the fact that the LA is exposed to LV pressure throughout

diastole while the mitral valve remains open. Minimum LA

volume has been shown to correlate more closely with invasive

LA pressure measurements than maximum LA volume, thereby

providing a more accurate reflection of LV filling pressures and

elevated pulmonary capillary wedge pressure. This offers superior

prognostic value in comparison to maximum LA volume (14–16).

From a hemodynamic perspective, diastole begins with the

opening of the mitral valve, allowing blood to flow from the LA to

the LV. At this point, rotational flow within the LA dissipates,

giving way to the formation of vortex flow in the LV. This vortex

flow, initially stronger than the preceding rotational flow in the

LA during early diastole, generates kinetic energy that facilitates

LV filling by increasing its diastolic volume. During late diastole,

the vortex flow optimizes blood flow from the LA toward the LV

outflow tract, aiding in stretching cardiomyocytes to enhance

subsequent ventricular contraction. These interactions are critical

for maintaining optimal preload adaptation and ensuring effective

ventricular performance (17). A comprehensive depiction of this

process is shown in Figure 2. Together, the physiological and

hemodynamic interplay between the LA and LV highlights the

central role of LA-LV coupling in cardiac function.
LA serves as a reservoir, receiving blood from the pulmonary veins while
olume, while the LV ejects blood into the aorta through the open aortic
assive conduit, allowing blood to flow from the pulmonary veins through
imal active involvement from the LA. (C) Booster pump phase: The LA
This active contraction increases LA emptying volume, optimizing LV
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FIGURE 2

Hemodynamic changes in the LA and LV during different phases of the cardiac cycle. (A) Systole: The LA acts as a reservoir, receiving blood from the
pulmonary veins while a weak vortex (↺, red rotating arrow) forms parallel to the closed mitral valve. The LV contracts, ejecting blood toward the aorta
(↓↓↓, red downward arrows; aorta not shown), leading to LA expansion and LV volume reduction. (B) Early diastole: The mitral valve opens, allowing
passive blood flow (→, red horizontal arrow) from the LA into the LV. A strong vortex (↻↻, red rotating arrows) forms in the LV, aiding its expansion,
while LA volume decreases slightly. (C) Late diastole: The LA contracts actively, functioning as a booster pump to enhance LV filling (⇒, red double
horizontal arrow). The LV vortex strengthens (↻↻↻, red rotating arrows), and LV volume reaches its maximum, while LA volume decreases further. LA,
left atrium; LV, left ventricle.
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3 LACI measurement techniques

The LACI can be measured using multiple cardiac imaging

modalities, each with distinct advantages and limitations. This

section focuses on three common methods—CMR,

echocardiography, and CT—for assessing LACI.
3.1 CMR: gold standard for precise LACI
measurement

CMR is widely recognized as the gold standard for evaluating

cardiac structure and function, primarily due to its ability to

precisely quantify LA and LV volumes (18). The LACI is derived

by calculating the ratio of the LA volume to the LV end-diastolic

volume, with both parameters meticulously measured via CMR.

During end-diastole, high-resolution short-axis cine images are

obtained, and LV end-diastolic volume is measured using cardiac

image modeler software. The LA volume is determined using the

area-length method from 2- and 4-chamber views, with the

biplane calculation performed using the following formula: LA
Frontiers in Cardiovascular Medicine 03
volume = (0.848*Area2ch*Area4ch)/[(LA Length2ch + Length4ch)]/2)

(6, 19). It is noteworthy that the majority of CMR-derived LACI

measurements are based on the method described by Pezel et al.

(6) (see Figure 3).

The distinct advantages of CMR include high spatial resolution,

exceptional image reproducibility, and the absence of ionizing

radiation. These features make CMR a highly reliable tool for

diagnosing and monitoring cardiac pathologies. However, its use

may be limited by certain constraints, including high costs,

prolonged image acquisition times, and limited availability in

routine clinical settings. Despite these challenges, CMR remains

indispensable in research and specialized clinical scenarios,

solidifying its status as the gold standard for LACI evaluation.
3.2 Echocardiography: the practical and
ubiquitous alternative

Echocardiography remains the most widely used technique for

assessing LACI, offering a non-invasive, cost-efficient, and readily

available alternative to advanced imaging modalities such as
frontiersin.org
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FIGURE 3

The method to assess LACI by CMR. LACI is calculated as the ratio of LA end-diastolic volume to LV end-diastolic volume. LA end-diastolic volume
(green volume) is shown in the 2-chamber panel (A) and 4-chamber panel (C) views during end-diastole. LV end-diastolic volume (yellow volume) is
shown in the 2-chamber panel (B) and 4-chamber panel (D) views. LACI, left atrioventricular coupling index; CMR, cardiovascular magnetic
resonance; LA, left atrium; LV, left ventricle.
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CMR. In two-dimensional (2D) echocardiography, LACI is

calculated as the ratio of the minimum LA volume at end-

diastole to the LV end-diastolic volume, using the Simpson’s

biplane method, which integrates measurements from apical two-

and four-chamber views (20) (see Figure 4).

However, 2D echocardiography has inherent limitations,

including geometric assumptions, operator dependency, and

variability in image acquisition. To address these challenges,

three-dimensional (3D) echocardiography has emerged as a

promising advancement, utilizing adaptive algorithms and

speckle-tracking methods to provide fully automated LA and LV

volume measurements. Unlike 2D echocardiography, 3D

echocardiography eliminates the need for geometric modeling,

thereby reducing inter-observer variability and shortening

analysis times (21). Despite its advantages, echocardiographic

results remain influenced by operator expertise and machine

quality, highlighting the need for standardization across

institutions to maximize its clinical utility.
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3.3 CT: high-resolution imaging for LACI
quantification

Another effective imaging modality for assessing LACI is

CT, known for its high spatial resolution and rapid

acquisition capability. Although its primary clinical

application lies in the evaluation of coronary artery disease,

CT can accurately quantify LA and LV volumes. Using

electrocardiographic gating, the cardiac cycle is specifically

analyzed to identify end-diastolic frames corresponding to

the closure of the mitral valve, and subsequent multiplanar

reconstruction yields high-fidelity images. The Simpson’s

method is applied to two- and four-chamber views to

calculate the volumes of the LA and LV at end-diastole,

which are then used for LACI determination (22).

Among the strengths of cardiac CT are its superior spatial

resolution and rapid imaging times, which offer significant

advantages in specialized settings. However, concerns about
frontiersin.org
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FIGURE 4

The method to assess LACI by echocardiography. LACI is calculated as the ratio of the minimum LA volume at end-diastole to the LV end-diastolic
volume. The Simpson’s biplane method is used to integrate measurements from apical two- and four-chamber views: panel (A) shows LVEDV in the
apical 4-chamber view, panel (B) shows LAEDV in the apical 4-chamber view, panel (C) shows LVEDV in the apical 2-chamber view, and panel (D)
shows LAEDV in the apical 2-chamber view. LACI, left atrioventricular coupling index; LA, left atrium; LV, left ventricle; LVEDV, left ventricular end-
diastolic volume; LAEDV, left atrial end-diastolic volume.
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ionizing radiation exposure and risks associated with contrast

media remain notable limitations. While not as widely

used for functional cardiac assessment as echocardiography

or CMR, CT continues to play a critical role in

cardiovascular imaging.

In summary, CMR provides unparalleled precision and

spatial resolution, establishing it as the gold standard

for cardiac volume quantification, despite limitations

related to cost and accessibility. Echocardiography remains

the most widely used method due to its affordability

and convenience, with advancements in 3D techniques

significantly improving its accuracy and reducing variability.

Cardiac CT, although less commonly utilized for

functional assessment, offers rapid, high-resolution imaging

and remains valuable in specific clinical scenarios.

Ultimately, the choice of imaging modality should be

guided by clinical priorities, resource availability, and

investigative objectives.
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4 Application of LACI in different
clinical contexts

4.1 LACI and age

The structural and functional characteristics of the LA and LV

exhibit significant variability across different age groups. In healthy

individuals, advancing age is typically associated with an increase

in the LA volume index and a decrease in the LV end-diastolic

volume index (23, 24). While many studies have examined the

LA or LV in isolation, relatively few have focused on their

interdependent dynamics throughout the aging process. Using

CMR, Germans et al. (25) investigated the effects of aging on the

LA and LV volume indices by assessing the LA to LV volume

ratio at both end-diastole and end-systole. Although they did not

explicitly define the term “LACI”, their findings that this ratio

increases with age set the groundwork for further exploration.

Their findings revealed that the LA to LV volume ratio was
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notably higher in older individuals compared to younger cohorts,

both at end-diastole (0.3 vs. 0.2) and end-systole (1.6 vs. 1.2;

P < 0.001). Building on this, Takeuchi et al. (26) employed 3D

echocardiography in a cohort of 313 healthy volunteers to assess

the inverse parameter—the LV to LA volume ratio (LVLAVR).

They observed significant age-related reductions in LVLAVR,

particularly at end-diastole, underscoring the sensitivity of this

metric to aging-associated changes in cardiac geometry.

These changes in LA and LV dimensions can be attributed

partly to an elevated LV mass-to-volume ratio observed in

elderly populations, which reduces ventricular compliance. This

reduction in compliance triggers compensatory LA enlargement,

helping to offset the increasing LA pressure (25). Such

compensatory mechanisms illustrate the intricate interplay

between the LA and LV within the context of age-related

myocardial remodeling. Although Takeuchi et al. have provided

critical reference values for LA-LV coupling indices across age

groups, further large-scale, multicenter investigations are

warranted. Validation of these findings in racially and ethnically

diverse populations is essential to refine our understanding of

age-induced LA and LV remodeling. Such studies hold the

potential to enhance the accuracy of clinical assessments and

improve individualized diagnostic approaches for patients from

varied demographic backgrounds.
4.2 LACI and AF

AF is the most common arrhythmia encountered in clinical

practice and is strongly associated with adverse outcomes,

including HF, stroke, cognitive decline, vascular dementia, and

reduced quality of life. Consequently, AF significantly increases

patient mortality risk (27). Early identification of risk factors and

improved predictive tools for AF are therefore essential to

optimize management. Recent investigations have highlighted the

potential role of the LACI in predicting AF incidence, recurrence,

and its relationship with exercise capacity.

In the Multi-Ethnic Study of Atherosclerosis (MESA), LACI

derived from CMR emerged as an independent predictor of AF.

Baseline measurements of LACI were associated with an

increased hazard for developing AF [hazard ratio [HR]: 1.81,

95% confidence interval [CI]: 1.57–2.01; P < 0.001], a relationship

that persisted after 10 years of follow-up (HR: 1.69, 95% CI:

1.46–1.96; P < 0.001) (7). A multivariable model incorporating

LACI demonstrated superior predictive power for incident AF

over 10 years, outperforming the traditional CHARGE-AF

(Cohort for Heart and Aging Research in Genomic

Epidemiology-Atrial Fibrillation) model and combinations of

individual LA or LV parameters with CHARGE-AF (7).

In hypertrophic cardiomyopathy (HCM) patients, LACI was

shown to be a more robust predictor of new-onset AF compared

to conventional LA parameters (20). Additionally, among

patients with paroxysmal AF undergoing radiofrequency ablation,

elevated LACI was significantly associated with post-procedural

AF recurrence, underscoring its value as an independent marker

for reduced LA contractile function and increased LA volume
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(28). Collectively, these findings highlight the clinical utility of

LACI in AF management, emphasizing its applications in risk

stratification, therapeutic decision-making, and long-

term prognostication.

From a mechanistic perspective, adverse LA remodeling plays a

central role in the initiation and maintenance of AF. This

remodeling facilitates ectopic triggers and alters the reentrant

arrhythmia circuits through changes in wavelength and

conduction properties (29). However, the development of AF is

not solely linked to structural and functional changes in the LA.

LV diastolic dysfunction, which impairs LV compliance, also

contributes to an imbalance between the two chambers. This

dysfunction increases LA volume relative to LV volume at end-

diastole, reflecting impaired LV compliance and reduced LA

reserve function—factors that are independently predictive of AF

(30). These findings suggest that AF arises not only from isolated

abnormalities in LA or LV structure and function but also from

a disruption of atrial-ventricular coupling. LACI, which

integratively captures this coupling, provides a clearer depiction

of the interplay between LA and LV function, making it a

valuable tool for anticipating AF risk and optimizing clinical

management strategies.

4.2.1 Challenges in measuring LACI in AF
Obtaining accurate LACI measurements in patients with AF

can be challenging due to beat-to-beat variability. To address

these challenges, several strategies can be employed:

Using 3D Echocardiography: 3D echocardiography offers

several advantages in accurately capturing chamber volumes,

especially in AF patients. It reduces the impact of geometric

assumptions by directly measuring cardiac volumes, provides

higher accuracy and repeatability compared to 2D

echocardiography (especially in cases of irregular LV shapes),

and optimizes temporal resolution by capturing data at multiple

time points throughout the cardiac cycle (31).

Averaging Multiple Cardiac Cycles: By averaging volume data

across multiple cardiac cycles, the variability caused by irregular

rhythms can be minimized, providing a more representative

measure of LA and LV volumes.

Selecting Relatively Stable Cycles: Using electrocardiographic

guidance, clinicians can identify and select relatively stable

cardiac cycles for measurement. This involves choosing cycles

with minimal beat-to-beat variability, thereby improving

measurement consistency.

While these strategies show promise, they have not yet been

specifically validated for LACI measurement in AF. Future

studies are needed to validate and refine these methodologies for

clinical practice.
4.3 LACI and HF

Impaired coupling between the LA and LV has emerged as a

critical contributor to the pathogenesis of HF with preserved

ejection fraction (HFpEF). Animal studies have highlighted a

reduction in LA compliance, reflected in an upward and leftward
frontiersin.org
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shift of the LA end-diastolic pressure-volume relationship,

providing mechanistic insight into this impairment (32).

Clinically, evidence from the MESA underscores the importance

of this relationship. Pezel et al. (8). followed 2,250 participants

without a history of HF or cardiovascular disease for up to 10

years, finding that those who developed HF mostly retained

preserved ejection fractions. The LACI was significantly higher in

the HF group compared to the non-HF group (41.2 ± 12.1 vs.

26.1 ± 10.2; P < 0.001), enhancing the discriminative ability of HF

risk prediction models.

Beyond risk prediction, LACI has demonstrated robust

diagnostic and prognostic value in HFpEF. For instance, Backhaus

et al. (33) found that LACI showed the highest diagnostic accuracy

at rest, effectively distinguishing HFpEF patients from those with

noncardiac dyspnea. In a separate cohort of 1,158 stable HF

patients, LACI emerged as an independent predictor of all-cause

mortality and HF-related hospitalizations, surpassing the predictive

accuracy of the traditional grading system for diastolic dysfunction

(net reclassification improvement = 0.150, P < 0.0001) (34). Among

patients with HF with reduced ejection fractions (LVEF < 50%),

Kasa et al. (35) found that elevated LACI was significantly

associated with the composite outcome of all-cause mortality or

HF hospitalization (adjusted HR: 1.77, P = 0.02). These findings

underscore the versatility of LACI across various HF phenotypes

as both a diagnostic tool and a prognostic measure.

With advancements in artificial intelligence (AI) technology,

AI-automated measurement of LACI offers a novel approach for

prognostic assessment in HF. Studies have shown that AI-

measured LACI independently predicts the risk of HF

hospitalization or cardiovascular death, demonstrating added

prognostic value beyond traditional risk factors (36). This

technology may enhance the efficiency and accuracy of LACI

measurement, reinforcing its role in HF management.

From a pathophysiological standpoint, remodeling of the LA

plays a pivotal role in the progression of HF, particularly in

HFpEF. During the early stages of diastolic dysfunction, the LA

undergoes adaptive structural and functional changes to sustain

cardiac output. However, prolonged exposure to elevated LV

filling pressures culminates in fibrosis, reduced compliance, and

increased stiffness within the atrial myocardium, thereby driving

a pathological rise in LACI (13, 37). Over time, these

maladaptive responses contribute to atrial enlargement and

uncoupling of LA-LV dynamics, even when the systolic function

of the LV remains preserved (38, 39). By integrating changes in

LA structure with the functional relationship between the two

chambers, LACI provides a comprehensive metric for evaluating

disease progression and tailoring therapeutic strategies across the

spectrum of HF phenotypes.
4.4 LACI and AMI

Alterations in atrioventricular coupling have garnered attention

as a key pathological feature in AMI. In a study by Liu et al. (9),

AMI patients demonstrated significant impairment in LA function

and LV deformation, accompanied by elevated LACI levels
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compared to healthy controls. These findings were consistent

regardless of the presence of metabolic syndrome, highlighting the

pervasive impact of AMI on atrial and ventricular mechanics.

The prognostic implications of LACI in post-AMI settings were

further explored by Lange et al. (40), who assessed the relationship

between CMR-derived LACI values and major adverse

cardiovascular events (MACE) within 12 months after an AMI.

Their results indicated that patients who experienced MACE

exhibited significantly elevated LACI levels. These findings

underscore the potential of LACI as a reliable marker for post-

MI risk stratification and patient management.

However, the instability of patient conditions during the acute

phase of AMI limits the application of CMR examinations; thus,

these studies focused primarily on patients in a stable phase.

Echocardiography, due to its convenience and non-invasiveness,

shows promise as an alternative method for assessing LACI

during the acute phase.
4.5 LACI and hypertension

Arterial hypertension increases LV afterload, subsequently

elevating LV filling pressure and LA pressure (41). In

hypertensive patients with LV hypertrophy, the LA exhibits

reduced reservoir, conduit, and booster pump functions,

accompanied by increased LA stiffness (42), reflecting impaired

LA-LV coupling. These changes are closely linked to LV

hypertrophy and dysfunction.

Recent studies have demonstrated that diabetic patients with

coexisting hypertension exhibit significantly higher LACI levels

compared to those with normal blood pressure (22.72 ± 15.01 vs.

17.40 ± 10.28; P = 0.049) (19). Moreover, hypertension itself has

been identified as an independent risk factor for increased LACI

(β = 0.05; P < 0.011). Excessive sodium intake, a key contributor

to hypertension (43), significantly raises blood pressure (44) and

is best measured using 24 h urinary sodium excretion, the gold

standard for assessing sodium consumption (45). Supporting this,

Yin et al. demonstrated that individuals with higher 24 h urinary

sodium excretion exhibited significantly elevated LACI levels

compared to those with lower sodium excretion (25.92 ± 15.45 vs.

18.73 ± 10.10; P < 0.001) (46).

Mechanistically, excessive sodium intake promotes myocardial

proliferation, hypertrophy, and collagen deposition, leading to

myocardial fibrosis and hypertrophy (47). These pathological

changes reduce LA compliance (13) and impair LA-LV coupling

(42), highlighting the significance of salt restriction in managing

hypertension and mitigating cardiac dysfunction.
4.6 LACI and coronary microvascular
dysfunction

Meta-analyses have established that coronary microvascular

dysfunction (CMD) is linked to higher mortality and an increased

risk of MACE (48). However, screening for CMD in clinical

practice remains a significant challenge. A study by Tran et al.
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(49), involving 32 patients with HCM, found that patients with

CMD exhibited significantly higher LACI compared to those

without CMD (P = 0.03). Further multivariate logistic regression

analysis identified LACI as an independent predictor of CMD.

Although the sample size in this study was limited, the findings

suggest that LACI may serve as a valuable diagnostic marker for

CMD in various clinical scenarios. Furthermore, CMD is often

managed with medications such as beta-blockers and calcium

channel blockers. Whether these treatments lead to improvements

in LACI remains an open question, necessitating further research.
4.7 LACI and cardiomyopathies

In the context of dilated cardiomyopathy (DCM), Vîjîiac et al.

(50) demonstrated that the LACI, right atrioventricular coupling

index (RACI), and the combined atrioventricular coupling index

(CACI), derived from both, can significantly predict adverse events

as assessed by 3D echocardiography. Notably, CACI exhibited

superior prognostic capabilities compared to traditional risk factors

in multivariable Cox regression analysis. Similarly, in HCM, LACI

has proven valuable in predicting the onset of AF (20) and CMD

(49). Additionally, Wen et al. (51) highlighted LACI as an

independent predictor of adverse clinical outcomes in HCM,

demonstrating its potential to enhance risk stratification and

predictive accuracy when integrated with traditional markers.

In early-stage Fabry disease (FD), 2D speckle-tracking

echocardiography revealed that LACI was significantly elevated

compared to healthy controls. It was positively correlated with age

and E/e’ and negatively correlated with LA strain rate, highlighting

its potential for early risk stratification (52). For light-chain

amyloidosis cardiomyopathy (AL-CA), 3D echocardiography showed

that LACI was independently associated with all-cause mortality and

provided additional prognostic value beyond traditional staging

models (53). Furthermore, Wang et al. (54) validated the prognostic

utility of LACI in AL-CA patients using CMR, demonstrating its

role as an independent predictor of all-cause mortality.

LACI demonstrates significant potential in the clinical

management of cardiomyopathies, offering robust capabilities for

prognosis assessment and risk stratification in DCM, HCM, FD,

and AL-CA. It represents a critical tool for improving patient

care in these conditions. Future research should explore the

underlying mechanisms of LACI in various cardiomyopathies

and its integration with other clinical parameters to optimize its

application and enhance patient outcomes.
4.8 LACI and myocarditis

The application of LACI in the clinical management of

myocarditis is still in an exploratory stage. In a study of patients

with suspected myocarditis and preserved LVEF, CMR-assessed

LACI showed no significant correlation with MACE (P = 0.847).

However, LA conduit strain was significantly associated with

MACE occurrence (P = 0.031) (55). This divergence may stem

from the superior sensitivity of strain analysis in detecting subtle
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functional abnormalities before structural or volumetric changes

manifest. Further research is needed to investigate the potential

utility of LACI in assessing various subtypes and severities of

myocarditis, as well as its integration with advanced imaging

techniques and biomarkers for enhanced clinical decision-making.
4.9 LACI and aortic stenosis

Transcatheter aortic valve replacement (TAVR) has become a

preferred treatment for symptomatic severe aortic stenosis,

particularly in patients at high surgical risk or deemed ineligible for

surgical aortic valve replacement (56). In a study by Zsarnoczay et al.

(57), an AI-based fully automated assessment of LACI was shown to

independently predict mortality in TAVR patients, including those

with preserved LVEF. These findings highlight LACI’s potential as a

valuable prognostic marker in this specific clinical context.
5 LACI clinical thresholds

The LACI has demonstrated significant prognostic value across

various cardiac conditions, including AF, HF, AMI, HCM, and AL-

CA. However, comprehensive standardization remains a challenge.
5.1 Condition-specific LACI thresholds

Current studies define disease-specific thresholds tailored to

distinct pathologies and patient cohorts. Table 1 summarizes key

findings and their clinical implications:

These condition-specific thresholds highlight LACI’s clinical

utility in risk stratification and therapeutic decision-making.
5.2 Normal range and standardization
challenges

Defining a universally accepted normal range for LACI is

essential for distinguishing disease thresholds from physiological

norms. Evidence from the MESA study indicates that mean LACI

values among individuals without baseline cardiovascular disease

typically range from 16.4 ± 7.5% to 17.7 ± 9.1% (6, 8, 58, 59),

averaging approximately 17 ± 8%.

5.2.1 Key challenges include
Inter-study Variability: Differences in cohort characteristics

and imaging protocols create inconsistencies in reported values.

Demographic Influences: Factors like age, sex, and ethnicity

affect LACI (59); for example, older adults may exhibit naturally

lower values due to altered cardiac physiology.

Imaging Modalities and Protocols: Protocol inconsistencies across

echocardiography, MRI, and CT imaging necessitate standardization.

While the MESA study offers a valuable baseline, further large-

scale, multi-ethnic research is crucial to refine and standardize

normal values.
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TABLE 1 Disease-specific LACI thresholds and their clinical applications.

Condition LACI cut-off Key findings Clinical Implications
AF >30% (7), ≥ 40% (20) Predicts incidence Enables earlier detection, risk stratification, and more effective management of AF

34.5% (28) Recurrence post-ablation

HF >30% (8) Predicts incidence Stratifies risk for HF events and diastolic dysfunction.

≥25% (36) Hospitalization/mortality

>26% (34) Identifies diastolic dysfunction

AMI 34.7% (41) Indicates high risk of MACE in AMI survivors Guides post-AMI management to reduce cardiovascular risk

HCM 40.09% (52) Enhances risk stratification for adverse outcomes Refines decision-making for HCM risk management

AL-CA ≥57% (54), ≥49.3% (55) All-cause mortality Improve prognosis estimation in AL-CA patients

Aortic Stenosis
(TAVR)

≥43.7% (58) Predicts mortality post-TAVR. Risk stratification for patients post-TAVR procedures

LACI, left atrioventricular coupling index; AF, atrial fibrillation; HF, heart failure; AMI, acute myocardial infarction; MACE, major adverse cardiovascular events; HCM, hypertrophic

cardiomyopathy; AL-CA, amyloidosis cardiomyopathy; TAVR, transcatheter aortic valve replacement.
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6 Future directions

To further define the clinical utility of the LACI as a prognostic

biomarker in cardiovascular medicine, several key research

directions should be prioritized. One crucial focus is the

validation of normal and pathological LACI ranges. Large, multi-

center studies are needed to establish universally applicable

reference values that account for the influence of demographic

factors such as age, sex, and ethnicity. Understanding these

variations will aid in distinguishing physiological norms from

pathological deviations, thereby enhancing the clinical

interpretation of LACI across diverse populations.

Another promising avenue is the development of AI-driven

automated measurement techniques. Advanced machine learning

algorithms have the potential to significantly improve the

accuracy and consistency of LACI quantification, minimizing

inter- and intra-observer variability. These AI tools can

streamline the analysis of large datasets, making LACI

assessments more efficient and precise in both clinical and

research settings. By enabling standardized, high-precision

measurements, AI could play a pivotal role in accelerating the

adoption of LACI as a routinely utilized marker in

cardiovascular care.

Additionally, standardization of LACI calculation across

imaging modalities is a critical step toward broader clinical

application. Currently, LACI can be derived from techniques

such as echocardiography, CMR, and CT, but variability in

measurement protocols and image acquisition methods can lead

to inconsistencies in reported values. Establishing consensus on

imaging protocols and thresholds, particularly for resting LACI,

will ensure greater reproducibility and comparability of data.

Collaborative efforts among professional societies, imaging

experts, and researchers are essential to harmonize these

practices and fully validate LACI as a reliable prognostic marker

across various cardiovascular conditions.
7 Conclusion

In summary, the LACI has gained recognition as an innovative

prognostic marker in cardiovascular medicine, offering a unique
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perspective by integrating LA and LV dynamics. Built upon a

solid physiological and hemodynamic framework, LACI has shown

significant potential in enhancing risk prediction and clinical

decision-making across a diverse spectrum of conditions, including

AF, HF, AMI, hypertension, cardiomyopathies, coronary

microvascular dysfunction, myocarditis, and valvular disorders. Its

broad applicability underscores its value in refining patient

management and guiding treatment strategies. Future

advancements will rely on the development of AI-driven tools to

enhance measurement accuracy and efficiency, the standardization

of imaging protocols across modalities, and the establishment of

universally accepted thresholds through large, multi-center studies.

Integrating LACI into multimodal risk models could further

solidify its role in precision care, supporting individualized

therapeutic planning and advancing cardiovascular medicine.
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