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CASE REPORT

CLINICAL CASE SERIES: IMAGING AND GENERAL CARDIOLOGY

McConnell’s Sign Is Not Always
Pulmonary Embolism

The Importance of Right Ventricular Ischemia
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ABSTRACT

McConnell's sign is a well-established, specific echocardiographic sign for acute pulmonary embolism. Multiple
theories have been proposed regarding the mechanism of McConnell's sign in the context of acute pulmonary embolism.
Here, we present 2 patient cases in which McConnell's sign was seen with right ventricular ischemia without pulmonary
embolism. (Level of Difficulty: Beginner.) (J Am Coll Cardiol Case Rep 2022;4:802-807) © 2022 The Authors.
Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article

n 1996, McConnell et al' described an echocar-
diographic finding of right ventricular dysfunc-
tion, with akinesis of the mid-free wall and
normal apical motion, that was highly specific for
acute pulmonary embolism (PE). Multiple mecha-
nisms have been proposed to explain this finding
in the setting of acute PE. First, the preserved right
apical motion can be explained by the right apex

LEARNING OBJECTIVES

e Recognize McConnell's sign as a highly
specific sign for acute PE.

e Recognize McConnell's sign as a potential
indicator of right ventricular ischemia or
infarction.

e Discuss new insights into McConnell's sign
pathophysiology.

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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tethered to left ventricle.

Another proposed mechanism is a spherical change

the hyperdynamic

in the right ventricle shape to help equalize
regional wall stress caused by the increase in
afterload.”> Localized ischemia of the right ventric-
ular free wall caused by the increased wall stress
the !
Finally, by cardiac magnetic resonance, McConnell’s
sign is proposed to be caused by substantial preload
reduction and reflex hyperadrenergic up-regulation,
with markedly augmented left ventricle septal
intramyocardial deformations, such that tethered

may cause wall motion abnormalities.

right ventricle insertion point fibers are acted
upon via the hyperdynamic left ventricle apex
with paradoxical right ventricle apical passive
deformation.*

We present 2 different cases of McConnell’s sign in
patients with proven right ventricular ischemia
without acute PE.
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ABBREVIATIONS
AND ACRONYMS

in leads II, III, and aVF (Figure 1). He was
taken to the cardiac catheterization labora-
suspected
elevation myocardial infarction. Coronary

A 66-year-old man presented to a local emergency inferior

department with neck and chest pain. His medical

tory for ST-segment

CT = computed tomography

PE = pulmonary embolism

comorbidities included impaired fasting glucose,
hyperlipidemia, and asthma. The patient was
afebrile, and his heart rate was 70/min, blood
pressure was 146/72 mm Hg, and O, saturation was
94% on room air. Physical examination revealed a
well-nourished man in no acute distress, no focal
neurologic deficits, regular heart rate and rhythm,
lungs clear to auscultation bilaterally, abdomen that
was soft and nondistended, and extremities without
edema. Initial laboratory test results were signifi-
cant for elevated troponin I to 2.4 ng/mL with
continued increase to 3.9 ng/mL. He was treated
with aspirin and clopidogrel for possible acute cor-
onary syndrome and with inhaled ipratropium
bromide/albuterol and prednisone for possible
asthma exacerbation and transferred to our facility.

Upon presentation, he was hemodynamically sta-
ble and without chest pain, chest pressure, palpita-
tions, or shortness of breath. Initial electrocardiogram
did not show any significant ischemic changes. He
was initiated on intravenous heparin infusion.

He was monitored with serial troponin T and
electrocardiograms. A few hours after admission, he
was noted to have slight ST-segment elevations

angiogram revealed a left dominant system
with 100% occlusion of the proximal
nondominant right coronary artery (RCA)
(Figure 2, Videos 1 to 3), 70% stenosis of the
mid-left anterior descending artery, 90% stenosis of
the proximal circumflex artery, 70% stenosis of the
distal circumflex artery, and 70% stenosis of the
ramus intermedius artery. The proximal RCA was
stented (Figure 2, Video 3).

The following day, he underwent transthoracic
echocardiogram (TTE), which was significant for
enlarged right ventricular chamber size, moderately
reduced systolic function, a prominent McConnell’s
sign (Figure 3, Video 4), mild inferobasal and infer-
oseptal hypokinesis, and estimated ejection fraction

of 63%. Because of the finding of McConnell’s sign, a
computed tomography (CT) chest angiogram was ob-
tained to assess for PE, and the result was negative. It
was proposed that the McConnell’s sign was related
to right ventricular ischemia (myocardial stunning or
infarction) caused by the very proximal nature of the
RCA occlusion supplying the right ventricular free
wall and a wraparound left anterior descending artery
supplying the apex.

FIGURE 1 Electrocardiogram
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ST-segment elevation in inferior leads.

RCA = right coronary artery

TTE = transthoracic
echocardiogram
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FIGURE 2 Coronary Angiogram

C LAO cranial
.

(A) Dominant circumflex artery with critical proximal lesion (arrow) (Video 1). (B) Proximal right coronary artery with 100% occlusion (arrow) (Video 2). (C) Right
coronary artery after proximal stenting (Video 3). LAO = left anterior oblique; RAO = right anterior oblique.

The patient was discharged with aspirin 81 mg
daily, clopidogrel 75 mg daily, rosuvastatin 40 mg
daily, and metoprolol tartrate 12.5 mg 2 times daily
with a follow-up TTE scheduled in 1 month. Follow-
up TTE was significant for complete resolution of
McConnell’s sign and normal right ventricular sys-
tolic function (Figure 3, Video 5). He then under-
went successful coronary artery bypass grafting for
the residual left-sided lesions.

CASE 2

A 50-year-old man with aortic root aneurysm pre-
sented to the cardiology clinic for follow-up. The
patient was afebrile, with a heart rate of 64/min,
blood pressure of 115/75 mm Hg, and O, saturation
of 99% on room air. The patient was alert and ori-
ented, in no acute distress; heart rate was regular
with regular rhythm; lungs were clear to ausculta-
tion bilaterally; and extremities were warm and
without edema bilaterally. He had been followed up
with serial CT angiograms to monitor the aneurysm
size and rate of progression. At this follow-up, the
aneurysm measured 5.1 cm. He was devoid of car-
diac symptoms. Given that the size of the aneurysm
was >5.0 cm, the patient met with the cardiovas-
cular surgery team, and valve sparing root and
ascending replacement  was
recommended.

The patient proceeded with cardiovascular surgery
without any interim complications or development of

aorta/hemiarch

symptoms. Cardiovascular surgery revealed a dilated
and thinned-out aortic root with a relatively normal-
appearing tricuspid aortic valve. A Valsalva graft
was secured in a remodeling fashion with a basal
ring annuloplasty band to stabilize the annulus,
thereby preserving the native aortic valve. The
remainder of the ascending aorta was excised into the
arch during a brief period of circulatory arrest and
reconstructed in a standard ascending-hemiarch
fashion. During de-airing maneuvers before coming
off cardiopulmonary bypass, the intraoperative
transesophageal echocardiogram revealed hypo-
kinetic inferior/posterior walls and a prominent
McConnell’s sign (Figure 4, Video 6). There was evi-
dence of air in the proximal RCA (Video 7) with
confirmed air embolism in the inferior wall of the left
ventricle (Figure 5, Videos 8 and 9). After de-airing
maneuvers and post-cardiopulmonary bypass, there
was restoration of normal right ventricular systolic
function (Figure 4, Video 10). The patient tolerated
the procedure well. We re-reviewed the predischarge
chest CT angiogram, and there was no evidence of PE.
Predischarge TTE revealed normal right ventricular
systolic function.

DISCUSSION

Although occasionally encountered in clinical
practice, published cases sign

related to right ventricular ischemia are limited.>®

of McConnell’s

McConnell’s sign has long been established as an
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FIGURE 3 Transthoracic Echocardiogram

Apical four-chamber diastolic frame
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(A) Mid-right ventricular diameter (double-headed arrow) 1-day poststenting (Video 4). (B) Mid-right ventricular diameter (double-headed
arrow) with prominent contraction of the apex (black arrows) 1-day poststenting (Video 4). (C) Mid-right ventricular diameter (double-
headed arrow) 1-month poststenting (Video 5). (D) Decreased mid-right ventricular diameter (double-headed arrow) with absent McConnell's
sign 1-month poststenting (Video 5). LA = left atrium; LV = left ventricle; RV = right ventricle.

echocardiographic sign with high specificity for
acute PE." A recent meta-analysis in patients
with suspected PE confirmed that McConnell’s sign
had a sensitivity of 22% and a specificity of 97%
for the detection of acute PE.° However, other
conditions, such as right ventricle ischemia (as
shown by our cases) or infarction, can give rise to
McConnell’s sign. Indeed, a comparison between
patients with PE vs patients with right ventricular
ischemia/infarction demonstrated the presence of

McConnell’s sign in approximately 70% of both
groups.’” The patient cases described herein pro-
vide clear evidence of McConnell’s sign without
evidence of PE by CT angiogram. In both cases, the
cause of right ventricular ischemia is clearly
demonstrated (ie, in case 1, acute coronary
thrombosis and in case 2, RCA air embolism), and
its temporal relation to the McConnell’s sign
detection is suggestive of causality (ie, 1 day in case

1 and immediate in case 2). Further suggesting
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FIGURE 4 Intraoperative Transesophageal Echocardiogram

four-chamb
diastolic frame

RV = right ventricle.

(A) Mid-right ventricular diameter (double-headed arrow) post-right coronary air embolism (Video 6). (B) Mid-right ventricular diameter
(double-headed arrow) with prominent contraction of the apex (black arrows) post-right coronary air embolism (Video 6). (C) Mid-right
ventricular diameter (double-headed arrow) post-air embolism recovery (Video 10). (D) Decreased mid-right ventricular diameter
(double-headed arrow) with absent McConnell's sign after air embolism recovery (Video 10). LA = left atrium; LV = left ventricle;

causality, the right ventricular ischemia was tran-
sient and terminated by a specific intervention (ie, a
stent in case 1 and de-airing in case 2), resulting in
complete resolution of the McConnell’s sign on
reimaging.

Our cases support right ventricular free wall
ischemia (related to increased wall stress) as a
possible contributing mechanism to the McConnell’s
sign observed in PE. Most importantly, our cases

demonstrate that McConnell’s sign can be elicited in
response to right ventricular ischemia: “the right
ventricular ischemia McConnell’s sign.” Therefore, in
clinical practice, the differential diagnosis of
McConnell’s sign should include right ventricular
ischemia once PE has been ruled out. Evidently, the
clinical context in which McConnell’s sign is observed
right ventricular

(suspected PE vs suspected

ischemia) becomes critical.
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POST A

Transgastric view

FIGURE 5 Intraoperative Transgastric Views

ransgastric
orthogonal long
ax1s view

(A) Typical speckled appearance of air within the inferior/posterior walls (arrow) (Video 8). (B) Typical speckled appearance of air within the
inferior/posterior walls (arrow) (Video 9). LV = left ventricle.
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