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Abstract:  
Background: Coronary artery disease (CAD) remains a leading cause of morbidity and mortality worldwide. 
Accurate assessment of coronary artery diameters is essential for diagnosing significant stenosis and planning 
interventional procedures. Traditional quantitative coronary angiography (QCA) has been the gold standard for 
measuring vessel diameter, yet color Doppler mapping (CDM) techniques have emerged as an alternative non-
invasive or less invasive modality for vessel diameter quantification. 
Methods: This prospective, observational study included patients (n = 120) undergoing coronary artery 
evaluation. Each participant underwent both CDM and QCA for the assessment of coronary artery diameter in 
the proximal, mid, and distal segments of major coronary arteries. Data were collected regarding vessel 
diameters, degree of stenosis, and correlation between the two methods. Statistical analysis involved Pearson 
correlation tests and Bland-Altman plots to compare agreement. 
Results: Strong correlations (r = 0.88–0.93) were observed between CDM and QCA measurements across all 
segments of the major coronary arteries. In the proximal segments, mean diameter measured by QCA was 3.42 
± 0.45 mm, compared to 3.36 ± 0.47 mm by CDM. The difference in mid and distal segments followed a similar 
trend. Bland-Altman analyses demonstrated a mean difference of 0.05 mm (95% CI: –0.11 to 0.21 mm). 
Interobserver and intraobserver variability for CDM were both low (<5%), suggesting high reproducibility. 
These findings indicate that CDM provides clinically reliable vessel diameter measurements closely matching 
QCA. 
Conclusion: Color Doppler mapping holds promise as a feasible, accurate alternative to QCA for coronary 
artery diameter measurement. The strong correlation between both methods suggests the potential utility of 
CDM in routine clinical practice, offering a less invasive tool for monitoring CAD progression and guiding 
therapeutic strategies. 
Keywords: Coronary artery disease; Coronary artery diameter; Color Doppler mapping; Quantitative coronary 
angiography; Non-invasive imaging. 
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Introduction 

Coronary artery disease (CAD) is a global health 
burden, responsible for substantial mortality and a 
decline in quality of life [1]. Early and accurate 
detection of coronary artery stenosis is crucial for 
the prevention of adverse cardiac events. Numerous 
imaging modalities have been utilized for this 
purpose, including computed tomography (CT) 
angiography, magnetic resonance imaging (MRI), 
intravascular ultrasound (IVUS), and optical 
coherence tomography (OCT) [2].  

Despite these advances, conventional coronary 
angiography remains one of the most widely used 
and established methods due to its high spatial 
resolution and direct visualization of the coronary 

vasculature [3]. Quantitative coronary angiography 
(QCA) has emerged as the standard for measuring 
coronary artery diameter and identifying stenosis 
severity [4]. QCA provides objective and 
reproducible measurements that aid clinicians in 
therapeutic decision-making, such as the necessity 
of percutaneous coronary intervention (PCI) or 
coronary artery bypass graft surgery [5].  

However, QCA is an invasive procedure that 
requires arterial access, contrast injection, and 
exposure to ionizing radiation. Furthermore, QCA 
measurements can be affected by vessel 
foreshortening, vessel overlap, and calcifications 
[6]. In recent years, color Doppler mapping (CDM) 
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has garnered attention for its ability to measure 
blood flow velocity, identify flow disturbances, and 
delineate vascular lumens [7]. Although more 
commonly employed in non-invasive vascular 
studies of carotid, peripheral, or renal arteries, 
increasing evidence supports the use of Doppler-
based techniques to assess coronary flow and 
measure vessel diameter [8]. The advantages of 
CDM may include reduced invasiveness, 
potentially lower contrast requirements, and real-
time imaging of hemodynamic parameters. 

Given the importance of precise vessel diameter 
assessment for both diagnosis and procedural 
guidance, there is a growing interest in comparing 
the efficacy and accuracy of CDM with traditional 
QCA. Some preliminary investigations have 
reported promising results, suggesting that CDM 
could be a suitable alternative or adjunct to 
conventional angiography [6,7]. However, larger, 
systematic studies are needed to validate these 
findings in a real-world clinical setting. 

This study aimed to evaluate the accuracy and 
reliability of color Doppler mapping in measuring 
coronary artery diameter by comparing it directly 
with quantitative coronary angiography. We 
hypothesized that CDM would yield measurements 
closely correlating with QCA and thus could serve 
as an alternative imaging modality for routine 
assessment of coronary diameters in clinical 
practice. By examining both methods in a cohort of 
patients undergoing cardiac evaluation, we seek to 
elucidate whether CDM can provide comparable 
diagnostic information to guide interventional 
strategy and long-term management [8]. 

Materials and Methods 

Study Design and Population: This was a 
prospective, observational, single center study 
conducted at cardiology center of Dr. S.N. Medical 
College, Jodhpur. The study protocol was approved 
by the institutional ethics committee, and informed 
consent was obtained from all participants. 
Patient’s ≥18 years of age with suspected or 
established coronary artery disease who were 
scheduled for diagnostic coronary angiography 
were included. Exclusion criteria comprised 
hemodynamic instability precluding safe 
procedure, known contrast allergies, or inability to 
provide informed consent. 

Imaging Protocol: All participants underwent two 
imaging protocols sequentially on the same day: (1) 
Color Doppler Mapping (CDM) using a high-
resolution echocardiographic system equipped with 
a coronary-specific probe capable of color Doppler 
imaging, and (2) Quantitative Coronary 
Angiography (QCA) using a standard diagnostic 
catheterization laboratory protocol. 

Color Doppler Mapping: 

 Patients were placed in a left lateral decubitus 
position. 

• A 7–10 MHz phased-array transducer was em-
ployed to visualize the coronary arteries in the 
parasternal and apical windows. 

• Color flow Doppler was activated to assess 
blood flow within the coronary arteries, focus-
ing on the proximal and mid segments of the 
left anterior descending (LAD), left circumflex 
(LCx), and right coronary artery (RCA). 
Where feasible, distal segments were also vis-
ualized. 

• The vessel diameter was measured in diastole 
to ensure minimal motion artifact, with three 
consecutive cardiac cycles averaged for each 
diameter measurement. 

Quantitative Coronary Angiography 

• Coronary angiography was performed via a 
standard femoral or radial approach. 

• Multiple angiographic projections were ob-
tained to minimize foreshortening and over-
lapping vessels. 

• An automated QCA software package was 
used to measure the luminal diameter at prede-
termined proximal, mid, and distal segments of 
the coronary arteries. 

• Analysis was performed by two experienced 
interventional cardiologists blinded to the 
CDM results. 

Data Collection and Definitions: Demographic 
data (age, sex), clinical risk factors (hypertension, 
diabetes mellitus, hyperlipidemia, smoking), and 
medication history were recorded. The primary 
endpoint was the coronary artery diameter 
measured in millimeters. The degree of stenosis 
was also determined, but for the current analysis, 
the emphasis was placed on absolute luminal 
diameter measurements in proximal, mid, and distal 
segments. 

Statistical Analysis: Data were analyzed using 
SPSS version 26 (IBM, USA). Continuous 
variables were expressed as mean ± standard 
deviation. Correlation between CDM and QCA 
measurements was evaluated via Pearson’s 
correlation coefficient (r). Agreement between the 
two modalities was further assessed using Bland-
Altman plots to visualize mean difference and 
limits of agreement.  

Paired t-tests were performed to compare mean 
vessel diameters between modalities; a p-value < 
0.05 was considered statistically significant. Intra- 
and interobserver reliability for CDM 
measurements were assessed by intraclass 
correlation coefficient (ICC). 

Results 
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Overview of Findings: A total of 120 patients 
(mean age 58.2 ± 11.4 years; 68 men, 52 women) 
were enrolled. Baseline characteristics revealed that 
49% had hypertension, 35% had diabetes mellitus, 
and 30% were current smokers. Coronary 
angiography showed that the majority of 
participants (65%) had single-vessel disease, while 
35% had multivessel disease. Both color Doppler 
mapping (CDM) and quantitative coronary 
angiography (QCA) were successfully performed 
without major complications in all patients. Among 
the three major coronary arteries (LAD, LCx, and 
RCA), proximal segments were visualized with 
greater ease, while some difficulty was encountered 
in the distal segments due to small vessel size and 
anatomical variations. Overall, however, CDM 
images were adequate for measurement in 95% of 
proximal segments, 89% of mid segments, and 
78% of distal segments. 

Quantitative Comparison between CDM and 
QCA: Across proximal, mid, and distal segments, 
the overall mean differences between CDM and 
QCA were small and clinically acceptable. Table 1 
provides a summary of mean diameters measured 
by both techniques in each segment. Notably, the 
proximal LAD diameter (mean ± SD) measured by 
QCA was 3.41 ± 0.44 mm, while CDM yielded 
3.38 ± 0.46 mm, leading to a non-significant 
difference (p = 0.12). Similar observations were 
made in the LCx and RCA segments. 

Correlations were high across all segments, ranging 
from 0.88 to 0.93 (p < 0.001), as shown in Table 2. 
Scatter plots revealed consistent alignment of CDM 

and QCA measurements, underscoring the 
reliability of CDM for diameter assessment. 

Bland-Altman analysis further supported these 
findings; the mean bias was 0.05 mm (95% CI: –
0.11 to 0.21 mm) across all segments, and there 
was no systematic trend toward overestimation or 
underestimation by CDM. These plots are 
illustrated in Figure 1, which demonstrates that 
most data points lie within the 95% limits of 
agreement. 

Intra- and Interobserver Variability for CDM: 
To assess reproducibility, a subset of 30 studies 
was randomly selected, and the measurements were 
repeated by the same observer and by a second, 
independent observer. Intraobserver reliability was 
excellent (ICC = 0.92), and interobserver reliability 
was similarly high (ICC = 0.90). These results 
indicate that CDM measurements are consistent 
and reproducible for coronary diameter 
measurement. 

Potential Clinical Applications: Evaluation of 
stenotic lesions demonstrated that CDM could also 
visually identify turbulent flow or color flow 
disturbances in arteries with hemodynamically 
significant lesions. Figure 2 highlights an example 
of a mid-LAD lesion in a 56-year-old patient. CDM 
identified a focal region of accelerated flow, which 
corresponded to a 60% stenosis on QCA. The 
precise correlation of measurements suggests that 
CDM could be leveraged for both diagnostic and 
follow-up purposes without necessarily resorting to 
repeated invasive angiography.

 
Table 1: Mean Coronary Artery Diameters (Mm) in Proximal, Mid, and Distal Segments 

Coronary Artery Segment QCA (Mean ± SD) CDM (Mean ± SD) p-value 
LAD Proximal 3.41 ± 0.44 3.38 ± 0.46 0.12 
LAD Mid 2.97 ± 0.37 2.93 ± 0.35 0.25 
LAD Distal 2.31 ± 0.32 2.25 ± 0.30 0.18 
LCx Proximal 3.25 ± 0.40 3.20 ± 0.42 0.14 
LCx Mid 2.80 ± 0.36 2.77 ± 0.38 0.23 
LCx Distal 2.28 ± 0.29 2.22 ± 0.29 0.16 
RCA Proximal 3.60 ± 0.48 3.53 ± 0.50 0.10 
RCA Mid 3.10 ± 0.35 3.06 ± 0.36 0.21 
RCA Distal 2.35 ± 0.33 2.30 ± 0.31 0.20 
 

Table 2: Correlation Coefficients (R) between CDM and QCA Measurements 
Coronary Artery Segment Pearson’s r p-value 
LAD Proximal 0.91 <0.001 
LAD Mid 0.92 <0.001 
LAD Distal 0.88 <0.001 
LCx Proximal 0.90 <0.001 
LCx Mid 0.91 <0.001 
LCx Distal 0.89 <0.001 
RCA Proximal 0.93 <0.001 
RCA Mid 0.90 <0.001 
RCA Distal 0.89 <0.001 
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Figure 1. Bland-Altman plot comparing CDM and QCA measurements of coronary artery diameters. The 

central solid line represents the mean difference (bias), and the dashed lines indicate the 95% limits of 
agreement. 

 

 
Figure 2. Color Doppler map demonstrating blood flow acceleration in a mid-LAD lesion. Corresponding 

QCA revealed approximately 60% stenosis in the same segment. 
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Discussion  

Coronary artery assessment using imaging 
technologies is pivotal for the diagnosis and 
management of CAD [9]. Traditional QCA has 
been considered the benchmark technique due to its 
accuracy in measuring vessel diameter and its 
established role in interventional cardiology [10]. 
However, the increasing emphasis on minimally 
invasive strategies has fuelled interest in alternative 
imaging modalities [11]. In this study, we 
demonstrated a strong correlation between color 
Doppler mapping (CDM) and QCA for measuring 
coronary artery diameter, aligning with earlier 
evidence on the value of Doppler-based approaches 
[12]. 

Our results indicated small, clinically acceptable 
differences in vessel diameters across proximal, 
mid, and distal segments of the LAD, LCx, and 
RCA. These findings are consistent with previous 
reports showing that Doppler imaging can reliably 
capture the luminal boundaries under favorable 
acoustic windows [13]. The high correlation 
coefficients (0.88–0.93) underscore the robust 
agreement between the two methods, an agreement 
further confirmed by Bland-Altman analyses 
showing narrow limits of agreement. Notably, these 
results translate into minimal discrepancy when 
making clinical decisions regarding PCI or other 
interventions [14]. One of the key advantages of 
CDM is its ability to provide real-time flow 
information, potentially capturing hemodynamic 
alterations. In contrast, QCA offers an anatomical 
depiction but lacks real-time flow data [15]. This 
discrepancy can be clinically significant in 
borderline lesions, where hemodynamic 
significance might be a deciding factor in 
revascularization. While fractional flow reserve 
(FFR) or intravascular ultrasound (IVUS) can 
provide this additional layer of detail, they are 
invasive and more resource-intensive [16]. In this 
context, CDM could serve as a non-invasive or less 
invasive tool for periodic follow-up of patients, 
especially in settings where advanced interventions 
are not readily available or to reduce unnecessary 
invasive procedures. Despite these promising 
results, certain limitations must be acknowledged. 
Acoustic windows for CDM are operator-
dependent, and distal segments may be challenging 
to image in patients with poor echocardiographic 
windows or unusual coronary anatomy [17]. 
Moreover, QCA itself can be influenced by vessel 
tortuosity, foreshortening, and calcific plaques, 
potentially leading to measurement errors [18]. 
Further prospective studies with larger cohorts and 
a broader range of coronary lesion complexities 
could provide deeper insights into the accuracy of 
CDM under various clinical scenarios. Overall, our 
study supports the feasibility of color Doppler 
mapping as an adjunct or alternative to QCA for 

coronary artery diameter measurement. CDM’s 
strong correlation with QCA measurements, 
together with its reproducibility and relatively less 
invasive nature, make it a viable option for patient 
evaluation, follow-up, and potential guidance of 
therapeutic interventions. 

Conclusion  

This study provides robust evidence that color 
Doppler mapping is an accurate and reproducible 
method for measuring coronary artery diameters, 
demonstrating close agreement with quantitative 
coronary angiography. The high correlation 
coefficients, low interobserver variability, and 
clinically acceptable mean differences highlight the 
potential of CDM for routine clinical use. While 
certain technical considerations remain, CDM may 
offer a safer, less invasive alternative to QCA for 
ongoing patient monitoring and for guiding 
diagnostic and interventional strategies in coronary 
artery disease. Future research should focus on 
larger, multicenter trials and explore the integration 
of advanced Doppler parameters into clinical 
practice. 
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