Pages: 72-79
Global Knowledge Academy (GNA) Volume-lV, Issue-IV (2023)

Clinical Insights into the Use of 3D Echocardiography for LVEF
Reporting: A Study of Influencing Factors

! Anas Raheem, 2 Arooj Basharat
L Air University, Pakistan
2 University of Punjab, Pakistan

Corresponding E-mail: anasraheem48@gmail.com

Abstract

Three-dimensional (3D) echocardiography has revolutionized cardiac imaging by enhancing
the precision and reproducibility of left ventricular ejection fraction (LVEF) assessment.
However, despite its proven advantages over two-dimensional (2D) methods, its integration
into routine clinical workflows remains inconsistent. This study aims to identify and evaluate
the multifactorial determinants—technological, operator-based, institutional, and patient-
specific—that influence the adoption and utilization of 3D echocardiography for LVEF
assessment in real-world clinical environments. Through a mixed-methods approach
involving quantitative data analysis of 250 clinical cases and qualitative interviews with 30
cardiologists and sonographers across five institutions, we present a comprehensive
evaluation of barriers and enablers. The results reveal a complex interplay of factors
including device availability, operator training, patient characteristics, institutional priorities,
and reimbursement policies. Understanding these variables is essential for optimizing the
implementation of 3D echocardiography to enhance diagnostic accuracy and patient

outcomes in cardiac care.
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I. Introduction

Left ventricular ejection fraction (LVEF) serves as a pivotal parameter in the diagnosis,
treatment planning, and prognosis of numerous cardiovascular conditions, including heart
failure and cardiomyopathy. While traditionally derived using 2D echocardiography via the
modified Simpson’s biplane method, advancements in cardiac imaging technology have

introduced 3D echocardiography as a superior alternative due to its volumetric imaging
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capability and reduced geometric assumptions [1]. Despite the clear clinical and technical
advantages, the routine use of 3D echocardiography for LVEF measurement has been
sporadic and unevenly distributed across institutions. Understanding the underlying causes of
this variance is essential to ensure optimal utilization of available technology for improved
patient care. This research begins by recognizing the need to assess the practical landscape in
which 3D echocardiography operates. The study is framed by the hypothesis that a
combination of operator-related proficiency, institutional infrastructure, patient-related
characteristics, and economic incentives significantly impact the adoption of 3D imaging in
LVEF evaluations. To substantiate this, we analyze both clinical records and direct clinician

insights, bridging the gap between technical capability and real-world usage [2].

The necessity of this investigation is further underscored by the inconsistency observed in
LVEF reporting across clinical settings, even when 3D-capable machines are available.
Variability in image quality, acquisition time, post-processing demands, and physician
confidence all potentially contribute to underutilization. In addition, systemic issues such as
training gaps, lack of standardization, and institutional policies create additional friction. The
persistence of these barriers suggests that improving technology alone is insufficient to
guarantee adoption without targeted interventions at multiple levels [3]. Furthermore, this
study seeks to make a timely contribution given the increasing emphasis on precision
medicine and individualized cardiac care. With the shift toward value-based healthcare,
accurate LVEF measurement becomes imperative not just for diagnosis but for guiding
therapy and resource allocation. By evaluating the influencing factors comprehensively, we
hope to propose strategies that can accelerate the integration of 3D echocardiography in
routine practice, making accurate cardiac assessment more accessible and standardized across

institutions [4].

The introduction thus sets the stage for a detailed inquiry into the real-world determinants of
3D echocardiography use, establishing the rationale and scope for the methodological

approach and highlighting the anticipated contribution of the research to clinical cardiology.
Il.  Methodology

The research design employed in this study is a mixed-methods approach incorporating both

quantitative data extraction and qualitative interviews to ensure a holistic understanding of

Page | 73 Global Knowledge Academy (GNA)



Pages: 72-79
Global Knowledge Academy (GNA) Volume-lV, Issue-IV (2023)

the variables affecting 3D echocardiography usage for LVEF assessment. A total of 250
echocardiographic cases were retrospectively reviewed from five tertiary care hospitals with
advanced imaging facilities. Inclusion criteria mandated that the patients underwent both 2D
and 3D echocardiography within the same session, enabling direct comparison of usage
patterns and documentation practices [5]. Quantitative parameters extracted included patient
age, gender, body mass index (BMI), clinical indication for the echocardiogram, image
acquisition duration, LVEF values reported using 2D and 3D modalities, and whether the
final report included 3D-derived LVEF. Technical factors such as machine model, software
version, and probe type were also recorded. A comparative analysis was conducted to
determine the frequency of 3D LVEF inclusion and identify patterns in exclusion based on
these factors [6].

Interview-Reported Barriers to 3D Echocardiography Adoption

Reimbursement

Institutional Culture

15.0%
10.0%

Image Quality Issues

20.0%

30.0%%

Training Deficiency

25.0%

wWorkflow Burden

To supplement these findings, semi-structured interviews were conducted with 30
professionals comprising cardiologists, sonographers, and echo lab managers. Interview
questions addressed perceived utility, training background, workflow compatibility,

confidence in 3D measurements, and institutional policies. Thematic analysis of interview
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transcripts was performed to distill common themes and divergences in practitioner
perspectives [7]. Ethical clearance was obtained from the institutional review boards of all
participating hospitals, and informed consent was secured from all interview participants.
Data anonymization and secure handling practices were followed to ensure confidentiality
and compliance with data protection norms. The data were analyzed using SPSS v28, with
statistical tests including chi-square tests for categorical comparisons, t-tests for continuous
variables, and logistic regression to identify predictors of 3D LVEF utilization. The
qualitative data were analyzed using NVivo, applying a coding framework derived from
grounded theory to ensure that findings were emergent and reflective of participant
narratives. By combining empirical data with practitioner insights, the methodology aims to
produce robust and actionable findings that reflect both technological realities and human

factors shaping the adoption of 3D echocardiography in diverse clinical environments [8].

I11. Results and Discussion

The retrospective analysis of 250 echocardiographic cases revealed that only 36% of the
reports included 3D-derived LVEF values, despite the availability of 3D-capable equipment
in all participating centers. Among the most significant findings was the strong association
between operator training and likelihood of 3D LVEF reporting (p < 0.01). Institutions with
structured training modules and ongoing educational workshops had significantly higher 3D

usage rates, suggesting that knowledge and familiarity are primary drivers of adoption [9].
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Time efficiency emerged as a consistent concern among clinicians. The average time for
image acquisition and post-processing using 3D echocardiography was 11.2 minutes,
compared to 7.4 minutes for 2D. Clinicians in high-volume settings expressed reluctance to
use 3D due to its impact on workflow and patient throughput, particularly during busy
outpatient schedules [10]. This trade-off between image quality and time efficiency continues
to hinder broader implementation, particularly in resource-constrained environments [11].
Technical limitations were also highlighted, with 18% of cases reporting suboptimal 3D
image quality due to patient-specific factors such as high BMI or arrhythmias. In these
situations, clinicians reverted to 2D methods as a fallback, reinforcing the perception of 3D as
supplementary rather than essential. Furthermore, interview data revealed that reimbursement
inconsistencies also dissuade routine use of 3D imaging, with only 40% of institutions

offering additional compensation for advanced imaging procedures [12].

Institutional culture and leadership also played a key role. Hospitals with strong cardiology
leadership and imaging champions exhibited higher rates of 3D adoption, pointing to the
importance of change management in influencing clinical practice. In such settings, peer
encouragement, image quality benchmarking, and internal quality improvement projects
fostered a culture of innovation and precision. Overall, the findings underscore that 3D

echocardiography adoption is not merely a function of equipment availability, but is
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contingent on a network of operational, clinical, economic, and human factors. Addressing
these issues through targeted training, workflow optimization, reimbursement reform, and

cultural shift can enhance the integration of 3D imaging in routine cardiac diagnostics.
IV. Experiment and Evaluation

An experimental arm of the study was designed to validate whether active interventions could
improve the uptake of 3D echocardiography for LVEF reporting. A cohort of 50
sonographers and 20 cardiologists participated in a three-month quality improvement
program across two hospitals. The intervention included hands-on workshops, standardized
imaging protocols, real-time feedback on 3D image acquisition and report review meetings to
ensure quality control. Pre-intervention reporting rates of 3D LVEF stood at 34% in the
intervention hospitals [13]. After three months of focused engagement and training, this
figure rose to 71%, illustrating a significant improvement (p < 0.001). The improvement was
especially prominent among less experienced sonographers, suggesting that structured

mentorship has a profound impact on confidence and accuracy in 3D imaging.

Increase in 3D LVEF Usage After Training Intervention
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Objective evaluation of image quality using a blinded panel of three echocardiography
experts showed a 22% improvement in diagnostic clarity and reproducibility of LVEF values
post-intervention. Moreover, participant satisfaction surveys revealed increased confidence,
perceived usefulness, and intention to continue using 3D imaging in routine cases. Notably,
clinicians appreciated the alignment of improved LVEF reproducibility with evidence-based
clinical decision-making. The intervention also introduced a simplified workflow by pre-
loading 3D templates and setting up dual-monitor workstations, which reduced post-
processing time by approximately 30%. These minor but effective changes contributed to
workflow integration, making 3D less intrusive in busy clinical schedules. Importantly, a
positive feedback loop emerged—Dbetter results encouraged more use, which in turn led to

increased familiarity and efficiency [14].

This experimental phase demonstrated that while barriers to 3D echocardiography adoption
are real, they are not insurmountable. Targeted interventions, when supported by leadership
and continuous feedback, can transform imaging practices and significantly elevate
diagnostic standards. These findings make a compelling case for the proactive promotion of

3D imaging within cardiology departments, supported by training and systems redesign.

V. Conclusion

This research reveals that the integration of 3D echocardiography for LVEF reporting in
clinical settings is shaped by a complex interplay of operator skill, institutional support,
patient-specific challenges, workflow demands, and economic considerations. While
technological capability is widely available, consistent usage remains limited due to systemic
and operational barriers. However, evidence from our experiment demonstrates that these
barriers can be significantly mitigated through structured training, workflow optimization,
and leadership engagement. Thus, adopting a multi-pronged strategy that addresses both
technical and human factors is critical for mainstreaming 3D echocardiography into routine

cardiac diagnostics, ultimately improving the accuracy and quality of patient care.
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