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An 84-year-old man called the emergency service from his home because of recent
chest pain associated with dyspnea. He had a long-standing history of coronary
artery disease and chronic obstructive pulmonary disease. One minute after the
basic life support team arrived, the patient went into cardiac arrest. The rescuers
deployed their automated external defibrillator, and 1 electric shock was delivered.
Thereafter, the patient received cardiopulmonary resuscitation. The prehospital
emergency physician arrived at the scene 10 minutes later. At this time, the patient
had pulseless electric activity (PEA). The ECG monitoring (lead 2) during cardiopulmonary resuscitation is shown in Figure 1. He received 1 mg adrenaline, continuous
chest compressions, and orotracheal intubation. A few minutes later, the patient
had recovered spontaneous circulation. Cardiac and pulmonary auscultations were
normal. The patient was connected to a ventilator, which displayed normal pressure
levels. He was then transported to the emergency department without any new clinical complications.
What abnormalities are present in the ECG, and might they relate to a particular
cause of the cardiac arrest?
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Figure 1. The 2 tracings represent the ECG and the thoracic impedance variation.
The hands-off times reveal the presence of electric alternans of the ECG, which persisted
during the chest compressions.

Please turn the page to read the diagnosis.
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The ECG in Figure 1 shows 2 tracings; lead 2 of the cardiac ECG and the thoracic impedance variation display.
The patient’s thoracic impedance was measured with a
continuous low electric current generated by the monitor
via the defibrillation electrodes (LifePack15, Physio-Control, Seattle, WA). Its variation represents chest movement, especially when the patient receives chest compressions. Lead 2 can be best interpreted during periods
without chest compressions (those with a flat impedance
curve). The first hands-off time reveals PEA with a rhythm
that is not strictly regular, without a visible P wave, and
with a frequency of 60 bpm, a QRS interval of 150 milliseconds, and a QTc interval of 300 milliseconds. The
most important observation is the presence of electric
alternans. Electric alternans is a rarely observed cardiac
phenomenon in which the ECG tracing shows alternation
of the QRS complex amplitude, morphology, or axis, most
often with a 1-in-2 periodicity. Although this electric phenomenon is not pathognomonic, it is usually attributable
to pericardial effusion, hemothorax, or pneumothorax.1
Several mechanisms have been proposed to explain
the phenomenon of electric alternans, including swinging
of the heart, which causes the electric axis to change
(as in pericardial effusion), and changes to the volume
of the thoracic cavity during respiratory movements. At
the hospital, the patient received a thoracic computed
tomography scan that showed complete and compressive right pneumothorax (Figure 2). Exsufflation was immediately performed, followed by chest tube insertion,
whereupon the electric alternans disappeared immediately. On the basis of the history of atraumatic emphysema, the rupture of an emphysema bleb was believed
to be the most likely explanation for the pneumothorax.
Three days later, the patient was discharged from the
intensive care unit.

This is the first report of electric alternans observed
during resuscitation for an out-of-hospital cardiac arrest. The current guidelines for advanced life support in
patients with out-of-hospital cardiac arrest recommend
2-minute cardiopulmonary resuscitation cycles, which
are usually punctuated by analysis of the rhythm and
classification as shockable or nonshockable. PEA is the
most common nonshockable rhythm associated with a
correctable cause.2 PEA can be associated with several
different causes, each which may have a specific manifestation on the ECG such as electric alternans in cases
of tamponade and pneumothorax, Osborn (J) wave in
hypothermia, or widening QRS in tricyclic antidepressant intoxication.3 Each specific type of PEA requires a
specific treatment.3
In this case, if electric alternans had been recognized earlier by the emergency physician, the patient
could have received a prehospital pulmonary and cardiac ultrasound examination and potentially could have
been diagnosed and treated promptly in the field. Of
note, there was neither ipsilateral nor contralateral
decreased air entry on auscultation. The normality of
auscultation was unexpected, but the literature shows
normal auscultation in up to 42% of cases of pneumothorax.
In summary, this is a case of electric alternans observed during resuscitation for out-of-hospital cardiac
arrest in a subject with a history of emphysema. The
recognition of a correctable causes on ECG has the
potential of improving prognosis in some patients who
experience out-of-hospital cardiac arrest.
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Figure 2. Computed tomography
scan revealing a complete right
pneumothorax (asterisk).
CASES AND TRACES

Circulation. 2017;135:2564–2566. DOI: 10.1161/CIRCULATIONAHA.117.028104

June 20/27, 2017

2565

Robert et al

DISCLOSURES
None.

AFFILIATIONS
From Paris Fire Brigade, Emergency Medical Department,
France (J.R., C.D., D.J., J.-P.T.); and Sudden Death Expertise
Center, INSERM U.970, Paris, France (D.J.).

FOOTNOTES
Circulation is available at http://circ.ahajournals.org.

REFERENCES
1. Surawicz B, Fisch C. Cardiac alternans: diverse mechanisms and
clinical manifestations. J Am Coll Cardiol. 1992;20:483–499.
2. Myerburg RJ, Halperin H, Egan DA, Boineau R, Chugh SS, Gillis AM, Goldhaber JI, Lathrop DA, Liu P, Niemann JT, Ornato JP,
Sopko G, Van Eyk JE, Walcott GP, Weisfeldt ML, Wright JD, Zipes
DP. Pulseless electric activity: definition, causes, mechanisms,
management, and research priorities for the next decade: report
from a National Heart, Lung, and Blood Institute workshop. Circulation. 2013;128:2532–2541. doi: 10.1161/CIRCULATIONAHA.
113.004490.
3. Jentzer JC, Clements CM, Wright RS, White RD, Jaffe AS. Improving survival from cardiac arrest: a review of contemporary practice and challenges. Ann Emerg Med. 2016;68:678–689. doi:
10.1016/j.annemergmed.2016.05.022.

Downloaded from http://circ.ahajournals.org/ by guest on July 26, 2017

2566

June 20/27, 2017

Circulation. 2017;135:2564–2566. DOI: 10.1161/CIRCULATIONAHA.117.028104

Out-of-Hospital Cardiac Arrest: An Underlying Reversible Cause
Jimmy Robert, Clément Derkenne, Daniel Jost and Jean-Pierre Tourtier
Circulation. 2017;135:2564-2566
doi: 10.1161/CIRCULATIONAHA.117.028104
Downloaded from http://circ.ahajournals.org/ by guest on July 26, 2017

Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circ.ahajournals.org/content/135/25/2564

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournals.org//subscriptions/

