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Notching into a Diagnosis—Incorporating
Doppler Interrogation into Point-of-Care

Ultrasonography to Diagnose a Submassive
Pulmonary Embolism
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Tey Yee Sin, MBBS, and

Azmee Mohd Ghazi, MBChB, Selangor, Malaysia
INTRODUCTION

Patients with pulmonary embolism (PE) can often present with
nonspecific symptoms clinically, posing a diagnostic dilemma.We pre-
sent a case of submassive PE diagnosed in a patient following utiliza-
tion of point-of-care ultrasonography (POCUS) in the emergency
department (ED), allowing for immediate initiation of appropriate
treatment. We highlight important imaging findings that are demon-
strated to support the clinical presentation of our patient and the diag-
nosis of PE.
CASE PRESENTATION

A 69-year-old woman, with no known medical illnesses, presented to
the EDwith a history of lethargy and reduced effort tolerance over the
past 3 months. She denied chest pain, dyspnea, or palpitations during
that period and had delayed seeking medical attention in view of the
raging COVID-19 pandemic and fear of being hospitalized. Her vital
signs on arrival included a blood pressure of 140/85 mm Hg, heart
rate of 72 beats per minute, and temperature of 36.9 �C. Although
the patient denied being short of breath, her oxygen saturation was
94% on room air and respiratory rate was 18 breaths per minute.
Examination of the precordium and chest were, however, both unre-
markable. Her electrocardiogram revealed sinus rhythm with no evi-
dence of tachycardia, bundle branch blocks, or right ventricular (RV)
strain. Her chest radiograph demonstrated hilar shadowing suggestive
of engorged pulmonary arteries (Figure 1). Her initial blood investiga-
tions revealed raised high-sensitivity troponin I (35 ng/L), NT-pro
brain natriuretic peptide (3,500 pg/mL; normal values < 125 pg/
mL), and D-dimer (2.5 mg/mL; normal values <0.5 mg/mL) levels.
Thus, POCUSwas performed in the ED to review the patient’s cardiac
function in view of her abnormal biomarkers.
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Cardiac POCUS revealed a normal left ventricular systolic func-
tion, with estimated left ventricular ejection fraction ranging between
55% and 60%. There were no obvious regional wall motion
abnormalities seen in the left ventricle. There was dilatation of both
the right atrium (measuring 65.5 mL and 43.7 mL/m2 in volume
and indexed volume accordingly) and right ventricle (basal and mid
diameter of 4.5 cm and 3.7 cm, respectively, on RV focused apical
4-chamber view; proximal RV outflow tract diameter of 3.7 cm and
4.1 cm on parasternal long-axis and short-axis views, respectively;
and distal RV outflow tract diameter of 3.5 cm on parasternal short-
axis view) (Video 1). There was evidence of intraventricular septal
flattening throughout diastole (Figure 2A–C, Video 2). The RV
fractional area change was 30%, and tricuspid annular plane systolic
excursion was 1.55 cm, both suggestive of a depressed RV systolic
function. There was also the presence of akinesia of the mid-RV lateral
wall and hyperkinetic RV apical segment, suggestive of McConnel’s
sign.

Further Doppler interrogation was performed during the POCUS
assessment. The peak velocity across the tricuspid valve measured
approximately 3.7 m/sec, with a pulmonary regurgitation end-dia-
stolic peak velocity of 2.0m/sec (Figure 1D–F). As the right atrial pres-
sure was assumed to be 3 mm Hg (the inferior vena cava measured
1.3 cm and was >50% collapsible upon respiration), estimated RV
Figure 1 Chest radiograph. There was evidence of right hilar
shadowing suggestive of right pulmonary artery engorgement
(yellow arrow).
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Figure 3 Pulsed-wave Doppler tracing at the pulmonary valve
(PV) level, demonstrating an ejection acceleration time of 56
msec and an MSN.

VIDEO HIGHLIGHTS

Video 1: Transthoracic echocardiography in the apical 4-

chamber view, demonstrating a dilated right atrium and

ventricle, as well as severe tricuspid regurgitation using color-

flow imaging. Note the presence of akinesia of the mid-RV free

wall and hyperkinetic RV apical segment, consistent with

McConnel’s sign.

Video 2: Transthoracic echocardiography in the parasternal

short-axis view, demonstrating flattening of the interventricular

septum throughout diastole and involving systole, to a lesser

degree.

Video 3: Computed tomography pulmonary angiography

demonstrating a submassive main pulmonary artery embolus,

extending into the right pulmonary artery, upper lobar artery,

and descending interlobar arteries.

Viewthevideocontentonlineatwww.cvcasejournal.com.
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systolic pressure (RVSP) was 58 mm Hg and pulmonary artery dia-
stolic pressure was 19 mm Hg. The vena contracta of the tricuspid
regurgitation was 7 mm.

Pulsed-wave Doppler interrogation across the pulmonary valve
revealed midsystolic notch (MSN), suggestive of raised pulmonary
pressures, with a pulmonary ejection acceleration time of 56 msec
(Figure 3). All these findings were suggestive of a possible acute PE.
Following this, computed tomography pulmonary angiography was
performed revealing a submassive main pulmonary artery embolus,
extending down into the right pulmonary artery, upper lobar artery,
and descending interlobar arteries (Figure 4, Video 3). As the patient
Figure 2 Transthoracic echocardiography. (A) Right atrial and (B) RV
septal flattening seen on parasternal short-axis window (arrow). (D) S
apical 4-chamber view (arrow). (E) Continuous-wave Doppler tracing
calculated RVSP. (F)Continuous-wave Doppler tracing of pulmonary
monary artery diastolic pressure. TR, Tricuspid regurgitation.
was hemodynamically stable, but at risk of deterioration, she was
started on immediate anticoagulation and was monitored as an
inpatient for several days. Lower-limb Doppler and computed
tomography imaging of her abdomen showed no evidence of deep
vein thrombosis or abnormalities to suggest malignancies, respec-
tively. She was discharged well and continues to be on regular outpa-
tient monitoring on a trimonthly basis and awaiting further
investigation into predisposing factors that may have led her to
develop PE.
DISCUSSION

The case, although not at all uncommon, highlights key findings linked
to a diagnosis of acute PE, which may be underrecognized.
dilatation shown on apical 4-chamber view. (C) Interventricular
evere tricuspid regurgitation jet as seen on color flow Doppler on
of tricuspid valve regurgitation, which contributes to the raised
valve regurgitation, which contributes to the high calculated pul-
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Figure 4 Computed tomography pulmonary angiography, moving caudally from A to B, revealing a submassive main pulmonary
artery embolus (Panel A arrow), extending down into the right pulmonary artery, upper lobar artery, and right descending interlobar
arteries (Panel B arrow).
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Dilatation of both the right ventricle and atrium, without similar find-
ings seen on the left, should lead clinicians to a diagnosis of raised vol-
umes or pressures within the affected chambers.1 Other findings on
two-dimensional echocardiography include the McConnel’s sign, as
seen in our case, which is often an early and specific sign suggestive
of PE, although this is present in only 12% to 20% of cases.2,3 It should
be noted that it is merely an appearance of having ‘‘spared’’ the apex,
when most likely this relates to tethering of the apex to an otherwise
normal or hyperdynamic left ventricle, via transmitted septal forces.4

Additionally, absence or presence of pericardial effusion and a
depressed RV function are both neither sensitive nor specific.
However, when present, this often indicates grave prognosis.1

Doppler interrogation remains a vital tool that should be incorpo-
rated into POCUS within the ED setting. Doppler interrogation
through the tricuspid valve using continuous-wave Doppler allows
for an estimate of RVSP, which is often raised in the presence of PE
(although a caveat would be in cases of severe tricuspid regurgitation,
where measurements are often inaccurate).1,5-7 Interrogation through
the pulmonary valves using pulsed-wave Doppler may help demon-
strate the presence of MSN, which has been strongly associated
with the presence of both pulmonary hypertension and raised pulmo-
nary vascular resistance.1,4-9 Midsystolic notch is caused by reflected
waves in the pulmonary vascular system. Normally, reflected waves
occur during diastole upon facing distal pulmonary vasculature resis-
tance. However, in the presence of disease, pulmonary vascular
tone increases, causing reflections to occur more proximally and
arriving earlier, encroaching into systole, and appearing as a notch
on the Doppler signal.10

Presence of the 60/60 sign, where RVSP measures <60 mm Hg
and pulmonary ejection acceleration time is <60 msec, is also highly
suggestive of an acute PE.1,4,7-9 Acute PE, especially large proximal
thromboembolism, can cause a sudden increase in the pulmonary
vascular resistance without raising pulmonary artery pressure. The
stroke volume of a normal right ventricle is usually insufficient to
maintain an RVSP >60 mm Hg when there is uncoupling of the right
ventricle to the pulmonary artery and the pulmonary artery to the
pulmonary vasculature. When left untreated, this can lead to RV
collapse.4 It should be noted that rarely does the RVSP exceed
40 mm Hg, and any doubling of the RVSP may indicate underlying
chronic pulmonary hypertension.11 Despite not having any known co-
morbidities, our patient was still pending several investigations to rule
out prothrombotic conditions such as occult malignancies or
thrombophilia, which may have explained a much higher RVSP on
presentation.

CONCLUSION

Although the trifecta of POCUS findings suggestive of PE (i.e.,
McConnel’s sign, MSN, and 60/60 sign) may not always exist
concurrently, their presence should be actively sought by clinicians
as acute PE can lead to rapid deterioration when diagnosis is delayed.
Unfortunately, we are aware that not all POCUS systems are equip-
ped with spectral Doppler function, especially handheld devices,
but hopefully our case highlights its utility. We believe that our patient
had likely averted a more unfortunate fate following her submassive
PE due to the incorporation of Doppler into our POCUS practice.
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