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to diagnose the severity of valvular heart
diseases: a report of two cases
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Abstract

Background Echocardiography remains the reference-standard imaging technique for assessing valvular heart
disease (VHD), but artifacts like the ‘color Doppler stripe’can complicate diagnosis. This artifact is not widely recog-
nized and can mimic severe VHD, leading to potential misdiagnoses. We present two cases where color Doppler
stripes mimicked severe VHD, highlighting the need for awareness and accurate interpretation in echocardiographic
assessments.

Case presentations Case 1: An 85-year-old patient was referred for mitral valve surgery due to suspected severe
mitral regurgitation (MR). Upon evaluation, transthoracic echocardiography (TTE) showed mitral valve prolapse

(P3) and a high-echoic, vibrating structure attached to the mitral valve, indicative of chordal rupture. Color Doppler
echocardiography revealed strong systolic signals in the left atrium, mimicking severe MR. Transesophageal echo-
cardiography (TEE) also detected the vibrating structure and color Doppler stripes in the left atrium, left ventricle,
and outside the cardiac chambers. The PISA method on TEE indicated moderate MR and left ventriculography showed
Sellers grade Il MR. The artifact was identified as color Doppler stripes caused by the vibrating high-echoic struc-

ture from the ruptured chorda. Case 2: A 64-year-old patient with severe aortic stenosis, end-stage kidney disease
requiring hemodialysis, and a history of coronary bypass grafting presented for routine follow-up. B-mode echocar-
diography showed a severely calcified tricuspid aortic valve with a vibrating calcified nodule and restricted open-
ing, corresponding to severe aortic stenosis. During systole, color Doppler signals were observed around the aortic,
pulmonary, and tricuspid valves, mimicking significant pulmonary stenosis and tricuspid regurgitation. However,
pulmonary stenosis was ruled out as the pulmonary valve opening was normal. Mild tricuspid regurgitation was con-
firmed in the apical view.

Conclusions These cases highlight the diagnostic challenges posed by color Doppler stripes. Recognizing
and understanding this artifact are crucial for the accurate diagnosis and management of VHD, ensuring appropriate
treatment and patient outcomes.
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Introduction

The prevalence of valvular heart disease (VHD), particu-
larly aortic stenosis (AS) and mitral regurgitation (MR),
is rapidly increasing in our aging society [1, 2]. Accurate
evaluation is crucial for effective decision-making in the
management of VHD. Currently, echocardiography is
considered the reference-standard imaging technique for
assessing VHD [3-5]. Its significance is further amplified
in the era of catheter treatment for VHD [6]. However,
the presence of artifacts can pose diagnostic challenges
[7]. ‘Color Doppler stripe, one type of artifact, is not
widely recognized in echocardiography. We briefly pre-
sent two cases in which echocardiography was performed
for the assessment of VHD. In the first case, strong color
Doppler signals were observed in the left atrium. In the
second case, color Doppler signals were detected at the
pulmonary and tricuspid valves. We discuss the 'color
Doppler stripe; an artifact that can mimic VHD during
echocardiography, and explore how this phenomenon
occurs.

Case report 1

An 85-year-old patient who was referred to our institute
for mitral valve surgery was suspected of having severe
Upon assessment, the patient

mitral regurgitation.
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reported general fatigue, which might not have been
related to VHD. Auscultation revealed a Levine grade 2/6
pan-systolic murmur at the apex, without any diastolic
rumble or the third heart sound (S3).

Transthoracic echocardiography (TTE) displayed
mitral valve prolapse (P3) and a high-echoic, vibrat-
ing structure attached to the mitral valve, suggestive of
chordal rupture (Fig. 1a and Movie 1). M-mode echo-
cardiography showed that this structure was regularly
vibrating and produced a shaggy echo (Fig. 1b).

Color Doppler echocardiography revealed strong
color Doppler signals in systole, mimicking severe MR
in the left atrium in both parasternal long-axis and api-
cal 4-chamber views (Fig. 1c, d and Movies 2, 3). This
pattern was the same when different echocardiography
machines, including iE33, Epic CVx (Phillips Medical
System, Andover, MA, Netherlands) and Vivid E95 (GE
Healthcare, Milwaukee, WI, USA) were used, making it
difficult to conclusively determine the severity of MR.

Transesophageal echocardiography (TEE) also depicted
the vibrating structure at the mitral valve and color Dop-
pler stripes in the left atrium (LA), left ventricle (LV), and
even outside the cardiac chambers (Fig. 2a, b and Movies
4, 5). Notably, the color Doppler signal in the LA was pre-
sent below the high-echoic structure at the mitral valve

Fig. 1 Transthoracic echocardiography in case 1. B-mode in parasternal long axis view. The arrow shows high echoic structure attached

to the mitral valve [mitral valve prolapse (P3)]. M-mode in parasternal long axis view. The arrow shows vibration structure (shaggy eco). Color
Doppler in parasternal long axis view. Yellow allows are showed color Doppler stripes. Color Doppler in apical 4-chamber view. Yellow arrows are
showed color Doppler stripes. Ao: aorta, LA: left atrium, LV: left ventricle, RA: right atrium, RV: right ventricle
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Fig. 2 Transesophageal echocardiography in case 1. B-mode in long axis view. The arrow shows high echoic structure attached to the mitral valve
[mitral valve prolapse (P3)]. Color Doppler transesophageal echocardiography. Color Doppler stripes are visible on the annular side within the LA
and LV, as well as in the RA and RV. (yellow arrows). M-mode in long axis view. The arrow shows vibration structure (shaggy eco). Color M-mode

in long axis view. The arrow shows that color Doppler stripes appear just below the shaggy echo, whether inside or outside of the LV. Ao: aorta, LA:

left atrium, LV: left ventricle, RA: right atrium, RV: right ventricle

but not above it. M-mode echocardiography showed a
shaggy echo, while Color M-mode displayed a regular
fine mosaic (stripe) emanating from just distal to the rup-
tured chorda (Fig. 2c, d).

Furthermore, TEE revealed MR that appeared to be
moderate or greater in severity (Fig. 3a, b, and Mov-
ies 6, 7). Quantitative evaluation using the PISA
(proximal isovelocity surface area) method on TEE
estimated an effective regurgitant orifice area of 0.39
cm? and a regurgitant volume of 58 ml. However, due

to the eccentric nature of the MR jet and challenges in
achieving optimal alignment of the ultrasound beam,
these measurements may potentially underestimate the
severity. Left ventriculography showed Sellers grade II
MR (Fig. 4a, b and Movies 8, 9).

We hypothesize that the color Doppler stripes,
caused by the vibrating high-echoic structure result-
ing from the ruptured chorda, are responsible for this
artifact.

Fig. 3 Transesophageal echocardiography showing moderate MR in case 1. Color Doppler transesophageal echocardiography (0 degree). Color
Doppler transesophageal echocardiography (60 degree). LA: left atrium, LV: left ventricle
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Fig. 4 Left ventriculography showing Sellers grade Il MR in case 1. right anterior oblique projection (RAO). left anterior oblique projection (LAO)

Case report 2

A 64-year-old patient who had been diagnosed with
severe aortic stenosis visited our echo laboratory for
regular follow-up. The patient had a medical history of
end-stage kidney disease caused by diabetes, requiring
hemodialysis for the past 10 years, and had undergone
coronary bypass grafting six years prior. The patient
presented with no heart symptoms. Auscultation
revealed a Levine grade 3/6 ejection systolic murmur
at the third left sternal border (3LSB) but no signifi-
cant musical murmur.

B-mode echocardiography showed a severely calci-
fied tricuspid aortic valve with a small, vibrating, cal-
cified nodule and severely restricted opening (Fig. 5a
and Movie 10). Continuous wave Doppler tracing
revealed an aortic valve peak velocity of 4.4 m/s and
a mean pressure gradient of 52 mmHg without a fast
Fourier transformation (FFT) stripe (Fig. 5b). The
aortic valve area was measured at 0.7 cm? using the
continuity equation. In systole, color Doppler sig-
nals were observed in the parasternal short-axis view
at the aortic valve level by transthoracic echocardi-
ography. These signals were present not only around
the aortic valve but also around the pulmonary and
tricuspid valves (Fig. 5¢ and Movie 11), mimicking
significant pulmonary stenosis and tricuspid regurgi-
tation. However, pulmonary stenosis was ruled out as
the pulmonary valve opening appeared normal and the
peak velocity at the pulmonary valve was only 1.0 m/s.
Additionally, only mild tricuspid regurgitation was
confirmed in the apical view (Fig. 5d and Movie 12).

Discussion

In this article, we have presented two cases that high-
light how color Doppler artifacts can pose challenges
in accurately assessing the severity of valvular heart
disease (VHD), particularly for clinicians who are less
experienced in echocardiography. The presence of color
Doppler stripes may lead to potential misinterpretation
or overestimation of VHD, underscoring the need for
careful evaluation.

Echocardiography, particularly when utilizing color
Doppler, is the most widely used imaging modality for
evaluating and diagnosing VHD [3-5]. However, due
to the physical properties of ultrasound waves and
specific aspects of ultrasound image reconstruction,
cardiologists and sonographers frequently encounter
ultrasound image artifacts [7].

In 1986, the phenomenon of the color Doppler stripe
was first and only reported in a Japanese article by
Suzuki et al. [8]. In their report, they concluded that,
given the close correlation between the color Doppler
stripe and the fast Fourier transformation (FFT) stripe,
the color Doppler stripe is also a characteristic finding
reflecting a regularly vibrating structure. We believe
that this phenomenon is not uncommon in daily clini-
cal practice, and most cardiologists and sonographers
might already be aware of this artifact. However, the
term ’color Doppler stripe’ may not be widely recog-
nized. In several articles, we encountered terms such
as ‘complex reverberation’ and ’‘color Doppler splay’
[9-11] These terms may encompass aspects of the color
Doppler stripe phenomenon.
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Fig. 5 Transthoracic echocardiography in case 2. B-mode in parasternal short axis view. Severely calcified tricuspid aortic valve with a small,
vibrating, calcified nodule, and severely restricted opening. Continuous wave at the aortic valve. A peak velocity at the aortic valve of 44 m/s
without a fast Fourier transformation (FFT) stripe. Color Doppler in parasternal short axis view. Color doppler stripes appear around the aortic
(yellow arrows), pulmonary (yellow arrows), and tricuspid (red arrows) valves. Color Doppler in apical 4 chamber view showing mild tricuspid
regurgitation. AoV: aortic valve, PA: pulmonary valve, RA: right atrium, RV: right ventricle

Understanding the specific details of the echocardi-
ography machine is essential for clarifying the actual
mechanism underlying the formation of color Doppler
stripes [12, 13]. Unfortunately, as of today, manufactur-
ers and vendors do not disclose their algorithms, includ-
ing information such as the number of pulses and beams
that make up a single frame. However, we speculate that
the color Doppler stripe may consist of two artifacts:
color Doppler sidelobes and multiple reflections. This
hypothesis differs somewhat from Dr. Suzuki’s original
concept of the color Doppler stripe. However, we believe
that the term ‘color Doppler stripe’ is suitable for describ-
ing our images.

The distinction between actual regurgitation or accel-
eration jets and color Doppler stripes is as follows. 1)
Color Doppler stripes consist of multiple warm (red)
and cold (blue) bands. These typically appear from
left to right on the monitor, as most echocardiogra-
phy machines generate ultrasonic waves in frames
composed of several beams from left to right [8]. (e.g.,
AlOKA SSD-880 ultrasound system: one beam is com-
posed 8 pulses, and 64 beams constitute one frame). 2)

The motion of the regularly vibrating structure approxi-
mates simple harmonic. At the moment when this
moves toward the transducer, a warm (red) color is dis-
played, and at the moment when this moves backward,
a cold (blue) color is displayed [8]. 3) Real regurgitation
or acceleration jets typically appear inside a specific
cardiac chamber, whereas color Doppler stripes can
appear over the chamber or vascular lumen. 4) Color
Doppler stripes emerge immediately behind the vibrat-
ing structure and never appear in front of it.

It is our hope that the concept of the color Doppler
stripe becomes more widely recognized among those
involved in echocardiography.

Conclusions

Regularly vibrating structures can produce color Dop-
pler stripes, potentially making it difficult to accurately
determine the severity of valvular heart disease. It is
crucial for clinicians and sonographers to be aware of
this artifact to avoid misdiagnosis of VHD.
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Abbreviations

AS Aortic stenosis

FFT Fast Fourier transformation

LA Left atrium

LSB Left sternal border

Lv Left ventricle

MR Mitral regurgitation

PISA  Proximal isovelocity surface area
TEE  Transesophageal echocardiography
TTE  Transthoracic echocardiography
VHD  Valvular heart disease
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