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Abstract 

Three-dimensional (3D) echocardiography has emerged as a superior modality for assessing 

left ventricular ejection fraction (LVEF), offering enhanced accuracy and reproducibility 

compared to traditional two-dimensional techniques. However, its adoption in routine clinical 

settings remains inconsistent. This study aims to identify and analyze the real-world 

determinants influencing the reporting of LVEF through 3D echocardiography. A cross-

sectional observational analysis was conducted across multiple cardiology centers, involving 

echocardiographers, cardiologists, and institutional resources. Factors such as operator 

experience, patient body habitus, institutional guidelines, equipment availability, and 

perceived clinical utility were explored. Results demonstrated that while technical superiority 

exists, the actual reporting of LVEF via 3D imaging depends on an interplay of logistical, 

operational, and perceptual elements. This paper contributes to the growing body of evidence 

required to streamline the implementation of 3D echocardiography in standard clinical 

workflows and highlights areas of intervention for broader utilization. 

Keywords: 3D echocardiography, LVEF, left ventricular ejection fraction, diagnostic 
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I. Introduction 

Three-dimensional (3D) echocardiography has gained traction as a preferred imaging 

modality for the quantification of cardiac chamber volumes and left ventricular ejection 

fraction (LVEF). Unlike conventional two-dimensional (2D) imaging, 3D echocardiography 

provides volumetric datasets that reduce geometric assumptions and inter-observer 

variability, significantly improving diagnostic precision [1]. Despite this advancement, its 
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clinical uptake remains variable, often constrained by practical, institutional, and perceptual 

barriers. In many echocardiography labs, clinicians continue to rely predominantly on 2D-

based methods for LVEF estimation, despite known limitations. This inconsistency prompts 

an inquiry into the real-world determinants that influence the routine reporting of LVEF 

using 3D echocardiography. The adoption of 3D echocardiography for LVEF reporting 

involves various layers of decision-making, including technical feasibility, operator comfort, 

and institutional policies. While guidelines from cardiology societies advocate for the use of 

3D LVEF in certain clinical scenarios, implementation remains influenced by local 

workflows and resources [2]. Moreover, discrepancies in training and familiarity among 

sonographers and cardiologists further affect utilization patterns. The gap between 

technological advancement and practical application poses a challenge for standardized 

patient care and outcome measurement. 

This research intends to explore those multidimensional influences through an observational, 

real-world analysis. Factors under investigation include operator experience, machine 

accessibility, patient characteristics (e.g., body mass index and arrhythmia), and institutional 

protocols. By understanding which variables most significantly predict 3D LVEF reporting, 

healthcare systems can take evidence-based steps to enhance the consistency of best practices 

in echocardiographic reporting [3]. Furthermore, in the context of increasing interest in 

personalized medicine and automated diagnostic algorithms, accurate and reproducible LVEF 

reporting becomes essential. Errors in LVEF estimation have direct implications for clinical 

decision-making in heart failure, cardiotoxicity monitoring, and surgical planning. Therefore, 

integrating 3D echocardiography into daily workflow could potentially close the accuracy 

gap in cardiac functional assessment. The objective of this paper is not only to identify these 

determinants but also to provide pragmatic solutions for their mitigation. 

Ultimately, this research is positioned to bridge the divide between guideline-recommended 

practices and real-world behavior in clinical echocardiography. It aims to enhance the 

practical understanding of systemic, human, and technical influences shaping LVEF reporting 

and to contribute meaningfully to the broader movement toward improved cardiovascular 

imaging standards. 

II. Literature Review 
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Previous literature strongly supports the diagnostic advantages of 3D echocardiography in 

measuring left ventricular function. Studies such as the EACVI recommendations and the 

American Society of Echocardiography’s position papers underscore the modality's 

superiority in quantifying LVEF [4]. These documents point to reduced geometric distortion 

and superior reproducibility in 3D measurements. However, empirical studies suggest that the 

actual usage of 3D LVEF remains below optimal levels in routine clinical settings, indicating 

a gap between guideline endorsement and real-world implementation. Clinical registries and 

survey-based studies highlight a range of barriers that contribute to underutilization. One 

frequently cited issue is the steep learning curve associated with acquiring and interpreting 

3D images, particularly for operators not routinely trained in advanced modalities. 

Additionally, data acquisition may be more time-consuming than 2D echocardiography, 

which can deter use in high-throughput settings. Literature also points to inconsistent 

machine availability and concerns over image quality in patients with poor acoustic windows 

as significant deterrents. 

In broader technological adoption literature, human factors and institutional inertia play 

crucial roles in determining implementation success [5]. Studies on imaging technology 

uptake have repeatedly shown that the presence of local champions, continuous professional 

education, and institutional support greatly influence adoption rates. In the context of 

echocardiography, this suggests that physician perception, operator confidence, and clinical 

leadership are just as crucial as equipment availability. Furthermore, comparative studies 

indicate that while 3D echocardiography significantly reduces intra- and inter-observer 

variability, some clinicians perceive its value to be marginal relative to 2D-based Simpson’s 

biplane method, especially in uncomplicated cases [6]. This perceived marginal gain may not 

justify the additional time or effort in settings where patient volume is high. These 

perceptions are reinforced by the lack of automated quantification in older echocardiography 

systems. 

Despite this, emerging artificial intelligence (AI)-driven tools for automated 3D analysis are 

beginning to shift this paradigm. Several recent studies indicate that machine learning tools 

can now generate LVEF values from 3D datasets with minimal human input, potentially 

reducing the time and training barriers that have historically limited use [7]. As AI integration 

increases, future literature may demonstrate a shift in the determinants influencing adoption. 
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In sum, while the technical literature has established the superiority of 3D echocardiography, 

real-world usage remains hindered by operational challenges, clinician perceptions, and 

institutional inertia. There is a need for updated, empirical analyses that focus specifically on 

contemporary determinants of LVEF reporting to guide future interventions. 

III. Methodology 

This study employed a multi-institutional observational design across ten tertiary care cardiac 

centers. Data were collected from both retrospective imaging reports and prospective surveys 

conducted among echocardiographs and interpreting cardiologists. A total of 1,200 

echocardiographic studies performed over six months were included, selected via stratified 

random sampling to ensure representation across various patient demographics and 

echocardiography labs. The primary outcome measure was whether LVEF was reported using 

3D echocardiography. Secondary variables included operator years of experience, availability 

of 3D-enabled echocardiography machines, institutional protocols recommending 3D use, 

patient body mass index (BMI), and image acquisition time. Additionally, qualitative surveys 

were administered to 60 sonographers and 40 cardiologists to capture perceptions regarding 

ease of use, clinical utility, and barriers to adoption [8]. 

Quantitative data were analyzed using multivariate logistic regression to identify independent 

predictors of 3D LVEF reporting. Qualitative responses were subjected to thematic analysis 

to extract common trends related to technological, educational, and organizational barriers. 

The institutional review boards of all participating centers approved the study protocol, and 

informed consent was obtained for all prospective components. To assess consistency, inter-

observer agreement on 3D-acquired LVEF was calculated using intraclass correlation 

coefficients (ICC). Image quality was scored on a five-point Likert scale by two independent 

reviewers blinded to acquisition methods. Analysis was conducted using R version 4.2, and 

significance was set at p < 0.05. The methodology was designed to not only quantify usage 

patterns but also contextualize them through qualitative feedback, offering a holistic 

understanding of determinants influencing 3D echocardiographic practice. This dual 

approach ensures that statistical findings are grounded in the practical realities of clinical 

environments. Moreover, special attention was given to the temporal dynamics of 3D 

acquisition and processing. Time-motion studies were conducted to evaluate the impact of 3D 
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imaging on workflow efficiency [9]. These micro-level observations help evaluate whether 

perceived delays are substantiated and to what extent automation might alleviate them. 

IV. Results and Discussion 

From the 1,200 echocardiographic studies analyzed, only 28% included LVEF reported via 

3D echocardiography. Multivariate analysis revealed that institutional protocols 

recommending 3D usage (OR = 3.1, p < 0.01) and operator experience above five years (OR 

= 2.4, p < 0.05) were significant predictors of 3D reporting. High BMI (>30) and frequent 

atrial fibrillation were associated with poor image quality, reducing the likelihood of 3D 

acquisition. Notably, image quality, scored independently, was significantly better in patients 

with normal BMI and sinus rhythm [10]. Qualitative data echoed these findings. A major 

theme emerged around training deficiencies and time pressures. Over 60% of sonographers 

cited inadequate training in 3D image acquisition as a barrier. Cardiologists expressed 

skepticism about the incremental benefit of 3D over 2D in routine cases, particularly when 

image quality was compromised. These insights suggest that education and hands-on training 

are vital for increasing operator confidence and utilization. 

 

Figure 1 Summarizes qualitative findings on why clinicians avoid 3D LVEF. 
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Interestingly, echocardiography labs that employed AI-enabled quantification tools showed a 

45% higher rate of 3D usage [11]. These points to automation as a critical enabler, potentially 

mitigating workflow concerns and reducing dependency on manual skills [12]. Furthermore, 

labs with internal audits or quality metrics that mandated volumetric assessment reported 

greater adherence to 3D protocols. Time-motion analyses revealed that average time for 

complete 3D acquisition and quantification was 4.5 minutes longer than 2D methods. While 

seemingly minor, this time extension was cited as significant in high-volume labs. Thus, 

workflow optimization and scheduling adjustments may be necessary to accommodate full-

scale adoption [13]. 

 

Figure 2 Compares image quality between normal and high-BMI patients. 

Overall, the findings demonstrate that while technical capacity for 3D LVEF reporting exists 

in most centers, its real-world usage is dictated by a constellation of factors, including 

institutional endorsement, operator training, patient characteristics, and time efficiency. 

System-wide interventions such as protocol standardization, continuous training, and AI 

integration are imperative for aligning practice with guidelines. 

V. Conclusion 
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In conclusion, the real-world reporting of LVEF through 3D echocardiography is influenced 

by a complex interplay of technical, institutional, and human factors. Despite clear evidence 

of its diagnostic advantages, utilization remains limited due to challenges such as operator 

inexperience, time constraints, suboptimal image quality in certain patients, and lack of 

institutional mandates. However, centers that embraced AI-assisted quantification, provided 

targeted operator training, and instituted structured protocols exhibited significantly higher 

adoption rates. To promote uniformity in cardiac imaging and improve patient care outcomes, 

efforts must focus on overcoming perceptual and operational barriers through standardized 

training programs, strategic investments in technology, and supportive institutional policies. 

Aligning real-world practices with guideline-based recommendations will ensure that 3D 

echocardiography fulfills its potential in the precise and reliable assessment of LVEF. 
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