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Background: Systolic murmur suggesting the association of aortic valve (AV) stenosis or ob-
structive pathology in the left ventricular outflow tract (LVOT) usually requires preoperative
echocardiographic evaluation for elective surgery.

Case: In a 63-year-old female patient undergoing elective thoracic surgery, the systolic mur-
mur was auscultated on the right sternal border of the second intercostal space in the pre-
operative patient holding area. Point-of-care (POC) transthoracic echocardiography (TTE)
demonstrated a systolic jet flow in the LVOT area. The peak systolic velocity of the continu-
ous wave Doppler tracing, aligned to the LVOT and the AV, was approximately 1.5 m/s. The
peak/mean pressure gradient was 11/6 mmHg for the AV and 9/5 mmHg for the LVOT. An-
esthesia was induced under continuous TTE imaging. Intraoperative transesophageal echo-
cardiography also confirmed the absence of any cardiac pathology.

Conclusions: POC echocardiography offered a thorough preoperative evaluation of an unex-
pectedly identified systolic murmur, avoiding a potential delay in the operation schedule for
conventional preoperative echocardiographic evaluation.

Keywords: Echocardiography; Point-of-care testing; Systolic murmurs; Ventricular outflow
tract, left.

Point-of-care (POC) echocardiography is helpful in critical
decision-making, but its efficacy can be limited due to the
simplified capability of hand-held echocardiography devic-
es. In the present case, POC echocardiography provided a
quick and thorough cardiac evaluation of a sudden systolic
murmur and prompted planned elective surgery by avoiding
conventional preoperative cardiac evaluation.

CASE REPORT

A 63-year-old female with a 15-year history of well-con-
trolled hypertension (height of 152.9 cm and weight of 74.5
kg) was scheduled for a video-assisted thoracic surgery for a
slowly growing pulmonary nodule in the right upper lobe
(RUL). While no cardiac symptoms had been noted during
the routine pre-anesthetic evaluation, an intermittent systol-
ic murmur was pointed out on the patient’s arrival at the pa-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

© The Korean Society of Anesthesiologists, 2024


https://doi.org/10.17085/apm.23124
http://crossmark.crossref.org/dialog/?doi=10.17085/apm.23124&domain=pdf&date_stamp=2024-01-31

POC echocardiography for systolic murmur

tient-holding area. The murmur was pan-systolic in a con-
ventional stethoscope and audible at the right sternal border
of the second intercostal space in the supine position. Posi-
tion change and the Valsalva maneuver did not affect the
characteristics of the murmur. It was necessary to identify
aortic valve (AV) stenosis, as well as to identify hypertrophic
cardiomyopathy that could cause left ventricular outflow
tract (LVOT) obstruction.

An attending anesthesiologist performed POC 2-dimen-
sional (2D) transthoracic echocardiography (TTE, Epiq CVX™
cardiovascular ultrasound system and X5-1™ 3-dimensional
[3D] transducer, Philips) to evaluate whether the systolic
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murmur had a potential association with severe AV stenosis
or LVOT obstruction (Fig. 1A, Video 1A). The AV area was
estimated as 2.11-2.33 cm” and the LVOT was as 1.79-1.98
cm’, respectively, by using the continuity equation. The
peak/mean pressure gradient was 11/6 mmHg for the AV
and 9/5 mmHg for the LVOT (figures were not presented).

In apical 4-chamber imaging, the left ventricle (LV) wall
motion and Doppler analyses (mitral valve [MV] inflow and
MYV annular motion) suggested well-preserved systolic and
diastolic performance: LV ejection fraction of 62%; the ratio
of early diastolic MV inflow to early diastolic MV annulus
motion (E/e' ratio) was 4.5; and the LV 4-chamber longitudi-
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Fig. 1. Preoperative TTE imaging. (A) Apical 4-chamber view with poor nearfield delineation of LV wall motion. (B) Global longitudinal strain
of LV and RV in apical 4-chamber view was -23.2% and -26.1%, respectively. (C) Continuous-wave Doppler tracing of LVOT and AV blood
flows in the modified apical 4-chamber view is approximately 1.5 m/sec. (D) The distance between the MV coaptation and LV septum (C-Sept)
is far greater than 2.5 cm in the parasternal long-axis view (two white dotted lines indicates the anterior and posterior MV leaflets). (E) In
the absence of AV stenosis, SAM of anterior MV leaflet or LVOT obstruction, the systolic jet flow in the LVOT area is noted in the parasternal
long-axis view. Ao: aortic valve opening, AV: aortic valve, C-sept: the distance between the mitral valve coaptation and left ventricular
septum (yellow dotted line with reversed arrows in both ends), LA: left atrium, LV: left ventricular cavity, LV GLS A4C: LV global longjtudinal
strain in apical four-chamber view, LVOT: LV outflow tract, MV: mitral valve, RA: right atrium, RV: right ventricle, RV FWS: RV free wall strain,
SAM: systolic anterior motion, TTE: transthoracic echocardiography.
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nal strain and right ventricular free-wall longitudinal strain,
measured by on-cart software (Q-Lab™, Philips), were
-23.2% and -26.1%, respectively (Fig. 1B, Video 1B).

The peak systolic velocity of the continuous wave Doppler
tracing, aligned to the LVOT and AV in a modified apical
4-chamber view, was approximately 1.5 m/s and unaffected
by applying the Valsalva maneuver (Fig. 1C).

The parasternal long-axis TTE image provided detailed
information on the LVOT flow around the AV, MV apparatus,
hypertrophied LV septum, and LVOT: no apparent patholo-
gy suggesting AV stenosis, such as calcification, fusion, or
limited motion of AV leaflets, was noted (Fig. 1D, Video 1C).
Despite systolic jet flow in the LVOT area, the geometry of
the MV apparatus and the LVOT did not have risk factors for
potentially developing systolic anterior motion (SAM) of the
anterior MV leaflet or dynamic LVOT obstruction: the dis-
tance between the MV coaptation and the hypertrophied LV
septum (C-Sept) was far greater than 25 mm, and the ratio of
the length of the anterior to posterior MV leaflets was far
greater than 1.5 [1].

The planned lobectomy proceeded without delay for per-
forming a conventional preoperative echocardiographic
evaluation. Two anesthesiologists induced general anesthe-
sia under continuous monitoring of invasive-arterial pres-
sure and parasternal TTE imaging.

After anesthesia induction, real-time 3D transesophageal
echocardiography (TEE, X8-2t xMatrix™ 3D transducer,
Philips) confirmed the POC TTE findings. It provided much
more detailed information about the origin and the nature
of the murmur: the systolic jet flow arose from the narrow
space surrounded by the anterior MV chordae tendineae (at
the tip of the posteromedial papillary muscle) and the hy-
pertrophied inferior LV wall (Fig. 2A and B, Video 2A and B).
The jet traversed the LVOT area and reached the AV annu-
lus, and its flow intensity was variable to the changes in the
LV filing status (Fig. 2C, D).

The planned RUL lobectomy was completed, and the pa-
tient was discharged without any clinical event with hemo-
dynamic instability. Before the discharge, a cardiologist per-
formed a TTE due to an instantaneous aggravation of the
murmur and concluded that the murmur was physiologic
and required no further treatment.

Informed consent for publication of the present case was
obtained from the patient.
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DISCUSSION

The present case showed the value of POC TTE in provid-
ing an immediate cardiac evaluation in a patient presenting
a sudden systolic murmur. POC TTE enabled the quick as-
sessment of the systolic murmur and ruled out the current
and potential association of severe AV stenosis or dynamic
LVOT obstruction. The immediate and comprehensive car-
diac evaluation prompted elective surgery without case can-
cellation for further echocardiographic evaluation.

Focused cardiac ultrasound performed by non-cardiolo-
gists (FOCUS, a similar definition of POC echocardiography)
has provided essential information regarding associated car-
diac pathologies and facilitated clinical decision-making in
various critical scenarios [2]. FOCUS performed by anesthe-
siologists, especially during the preoperative period, can add
enormous benefit to gaining insight regarding the associated
pathologies, facilitating time-sensitive clinical deci-
sion-making in the surgical arena, and improving periopera-
tive management [3,4].

Systolic murmur is common in old ages [5,6], but its asso-
ciation suggests a higher likelihood of AV stenosis or ob-
structive pathology in LVOT. Therefore, proceeding or post-
poning the elective surgical case without further evaluation
can be challenging in patients presenting systolic murmur.
As in the present case, the dynamic nature of the murmuy, as
indicated by its absence of consistency, may complicate the
complexity. Since perioperative anesthesia-induced vasodi-
lation is critical to patients with severe AV stenosis and in-
sufficiently attenuated noxious stimuli can induce cata-
strophic hemodynamic collapse in patients with dynamic
LVOT obstruction, it is necessary to implement intense
perioperative hemodynamic vigilance and thorough preop-
erative POC cardiac evaluation in a patient suddenly pre-
senting a systolic murmur.

The peak velocity of the continuous-wave Doppler tracing
aligned to the LVOT and AV was approximately 1.5 m/s
(pressure gradient reaching about 9 mmHg) and not affect-
ed by applying the Valsalva maneuver. The peak pressure
gradient and the discrete nature of the flow velocity enabled
the exclusion of the possible association between AV steno-
sis and LVOT obstruction.

In the present case, in addition to the invasive BP moni-
toring, POC TTE monitoring was applied to detect and avoid
dynamic LVOT obstruction due to relative hypovolemia and
increased Venturi effect aggravating the risks during anes-

thesia induction [7,8]. In addition, the papillary muscle and
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Fig. 2. Intraoperative TEE imaging. (A) Modified 2D deep transgastric long-axis view with color Doppler delineates the systolic jet flow (arrow)
arising from the tip of anterolateral papillary muscle and anterior LV wall, traversing LVOT area and ending just before the AV opening. (B)
3D mid-esophageal TrueVue™ image visualizes the narrow structure in the LV cavity where the jet flow arises (arrow). (C) Multi-planar
images, reconstructed from a 3D volume color data, delineates the long-axis tracing (direction) of the jet flow, the origin of the jet flow (a
narrow space between the tip of the posteromedial papillary muscle and the LV inferior wall in the left upper green plane and right upper
red plane), and the short-axis tracing of the jet origin (vena contracta, in the left lower blue plane). (D) Rotated 3D TrueVue™ live image
localizes the origin of the jet flow (arrow) with adjacent cardiac structures. The size of the jet flow color Doppler was variable to the changes
in LV filling status and contractility. Ao: aortic valve opening, AV: aortic valve, LV: left ventricular cavity, LVw: LV anterior wall, LVOT: LV outflow

tract, P: anterolateral papillary muscle, TEE: transesophageal echocardiography, 2D: 2-dimensional, 3D: 3-dimensional.

the LV inferior wall. The jet's size and intensity were chang-
ing specifically to the LV filling status and contractility.

Meanwhile, the Venturi effect (sucking) is not the only fac-
tor developing SAM and dynamic LVOT obstruction. Unfa-
vorable geometry of MV leaflet apparatus and LVOT reduc-
ing C-Sept, such as hypertrophied LV septum and a relative-
ly longer posterior MV leaflet (compared to anterior MV
leaflet) [1,9], can increase the risk of dynamic LVOT obstruc-
tion. In patients with shorter C-Sept, systolic LV flow can
easily drag the anterior MV leaflet into LVOT [1,8,9].
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In the present case, C-Sept, far longer than 25 mm, could
exclude the potential risk of dynamic LVOT obstruction,
even in unexpected LV filling status or intrathoracic pressure
changes [1]. The variable intensity of the jet flow in 2D and
3D TTE and TEE imaging, specific to the changes in the LV
dimension and filling status, may explain the inconsistency
of the systolic murmur: preoperative fasting and dehydra-
tion might reduce LV dimension and exaggerate the systolic
jet and murmur, which could be apparent in auscultation
immediately before the start of the case [10,11].
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In the meantime, there is no consensus regarding the ex-
tent of POC TTE. In most cases, the coverage may be limited
to evaluating primary structural and functional cardiac
problems because of the limited capabilities of hand-held
devices. POC TTE can roughly detect SAM of anterior MV
leaflet and dynamic LVOT obstruction, in addition to con-
firming the presence of valvular stenosis or regurgitation us-
ing Doppler [12]. A simple hand-held ultrasound device may
be sufficient for POC TTE examination to assess murmurs,
hemodynamic instability, ventricular function, and etiology
of dyspnea [13]. In surgeries like hip fractures that are not
emergencies but are essential, proceeding with the proce-
dure can reduce the overall mortality rate [14] and prevent
delays in treatment when necessary [15]. As in the present
case, if a sophisticated and high-end TTE device (4-dimen-
sional echo probe with sophisticated on-cart software ana-
lyzing LV wall motion, such as strain and tissue Doppler)
can be applied by experienced anesthesiologists, the scope
of POC TTE can be expanded to the thorough assessment of
the valvular flow Doppler and cardiac wall motion.

SUPPLEMENTARY MATERIALS

Supplementary video is available at https://doi.org/
10.17085/apm.23124.
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