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Cardiac arrest and resuscitation of the pregnant woman at gestational term is rare. Depending on the circumstances of cardiac arrest
and its timing, options are limited for allowing successful resuscitation of both mother and neonate. Herein, we describe the use of
tandem perimortem cesarean section and thoracotomy for open-chest cardiac massage in a young woman with newly diagnosed
peripartum cardiomyopathy. We used goal-directed resuscitation including diagnostic ultrasonography and capnography to assist in
decision making and successfully resuscitated both mother and neonate to hospital discharge without discernable long-term
complications. [Ann Emerg Med. 2019;74:772-774.]
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INTRODUCTION
Peripartum cardiomyopathy is defined as the onset of

heart failure within the last month of pregnancy or within
the first 5 months after delivery.1 It is a rare emergency
requiring simultaneous treatment of mother and neonate.
We report successful maternal and subsequent neonatal
resuscitation by emergency physicians using cesarean
section and tandem open-chest cardiac massage.

CASE REPORT
A 23-year-old, previously healthy, gravida 3, para 2

woman at 38 weeks’ gestation and uncertain prenatal care
presented to a small emergency department (ED) with
progressive dyspnea and lower extremity edema. Bedside
echocardiogram demonstrated an ejection fraction of 20%,
and the patient’s hypoxic respiratory failure rapidly
worsened. Physicians intubated her, administered a
nitroglycerin infusion, and administered intravenous
furosemide. She was then transported to our referral ED by
ambulance (emergency medical services [EMS]) and arrived
an hour later.

She was delivered immediately to our resuscitation bay.
EMS providers were unable to obtain a pulse, and we
initiated cardiopulmonary resuscitation (CPR) while
stopping the nitroglycerin infusion. The initial rhythm was
pulseless electrical activity. An emergency physician
performed maternal cardiac ultrasonography that
demonstrated standstill. Additional ultrasonographically
trained emergency physicians performed fetal
Emergency Medicine
ultrasonography that demonstrated severe bradycardia. The
lead emergency physician—without any obstetric
assistance—performed a cesarean section with a vertical
incision from xyphoid to pubis. A male fetus was delivered
in less than 60 seconds, but was unresponsive, without
pulses, and not spontaneously breathing. Emergency
physicians initiated immediate neonatal CPR, clamped and
cut the umbilical cord, and transferred care directly to
another team of emergency physicians to start neonatal
resuscitation.

After delivery, the mother remained in cardiac arrest.
End-tidal capnography demonstrated acceptable waveform
but poor amplitude, at only 4 mm Hg despite appropriate
chest compressions and administration of 2 mg of
intravenous epinephrine. Given the low capnographic
readings, CPR generated poor perfusion. Combined with
the short duration of arrest in addition to favorable patient
age and baseline comorbidities, our team thought that the
mother might benefit from open-chest cardiac massage.
The lead emergency physician—without surgical
assistance—performed a left lateral thoracotomy and
immediately evacuated more than 1 L of serous fluid. There
was no pericardial effusion and we deferred pericardiotomy.
We then performed direct cardiac massage, with increase in
capnography amplitude to greater than 30 mm Hg within
2 minutes.

After 5 minutes of continued resuscitation, the patient
achieved return of spontaneous circulation, with mean
arterial pressure of 100 mm Hg. ECG demonstrated sinus
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tachycardia without ischemic changes. We again performed
bedside ultrasonography and estimated an ejection fraction
of approximately 20%. Anticipating hypotension, we
initiated a low-dose norepinephrine infusion. We
empirically transfused 2 units of packed RBCs and
administered calcium chloride to help prevent disseminated
intravascular coagulation. Arterial blood gas drawn at this
time showed pH 7.27, PCO2 29 mm Hg, PO2 137 mm Hg,
lactic acid 8.5 mmol/L, and glucose 172 mg/dL.

Obstetrics assisted with delivery of the placenta and
packed the uterus at bedside. The patient underwent
computed tomography to rule out pulmonary embolism
and then was transported to the operating room for closure
of the open abdomen and thorax.

A separate team of emergency physicians performed
CPR on the newborn, along with intubation. The pulse
rate improved from 47 to 150 beats/min, with good oxygen
saturation and tone. The patient was referred to the
neonatal ICU team.

The mother recovered in the cardiac ICU without
postoperative complications. She was extubated on day 9
and was discharged on day 21 with no neurologic deficits
and an ejection fraction of 25%. The newborn also
recovered without complication and was discharged on day
13. Follow-up maternal echocardiogram 6 months after
discharge demonstrated an ejection fraction of 56% and
improved biventricular function. At 6-month follow-up,
the infant was assessed by pediatric neurology and was
found to be making appropriate developmental progress
without evidence of neurologic deficits.
DISCUSSION
Cardiac arrest in pregnancy is a medical and surgical

emergency. Decision making in this setting is guided in
large part by the possible cause and estimated duration of
cardiac arrest. Although perimortem ED-based cesarean
section for maternal cardiac arrest has been reported, to our
knowledge this is the first reported case of rapid tandem use
of cesarean section and open-chest cardiac massage to
successfully resuscitate a mother and neonate.

Cardiac arrest treatment includes simultaneous CPR and
bedside cesarean section because chest compressions alone
are unlikely to adequately perfuse the fetus.2 We
immediately performed the cesarean section and continued
maternal resuscitation while another team of emergency
physicians resuscitated the neonate.

The cause of the mother’s initial low capnography
measurements was unclear but likely attributable to poor
cardiac function from her cardiomyopathy, and possible
displacement of the heart from typical substernal location
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by a gravid uterus. Despite delivery of the fetus and
significant reduction of aortocaval pressure, capnography
remained low. End-tidal PCO2 as measured by capnography
has been shown to correlate with coronary perfusion
pressure and cardiac output.3 It also can be used to predict
return of spontaneous circulation, with measurements less
than 10 mm Hg correlating with decreased probability of
return of spontaneous circulation, whereas levels greater
than 20 mm Hg correlate with a significantly greater
likelihood of its return.3,4 Given this clinical scenario, we
thought that continuation with traditional advanced
cardiac life support would be futile.

Open-chest cardiac massage is not novel, and a case
series demonstrated a survival rate of 44.8% in operating
room patients.5 Physiologically, open-chest cardiac massage
should enhance the chances of return of circulation by
increasing coronary perfusion pressure6 more than would
be observed with closed-chest compressions.7 Small cohort
studies and retrospective reviews suggest improved return
of spontaneous circulation and survival with open-chest
cardiac massage.8

It is challenging to determine which patients would
benefit from open-chest cardiac massage because it is
difficult to directly measure intra-arrest coronary perfusion
pressure. However, as noted earlier, capnography values
are inversely correlated with return of spontaneous
circulation, and the rapid increase in capnography levels
indicated that open-chest cardiac massage significantly
improved coronary perfusion pressure compared with closed-
chest compressions. Release of the large left pleural effusion
during thoracotomy may also have contributed to improved
coronary perfusion pressure. Although we performed a
left lateral thoracotomy, a subdiaphragmatic approach has
also been reported in the setting of an open abdomen.9

In this case of peripartum cardiomyopathy–associated
cardiac arrest of mother and fetus, our emergency team
made physiologically guided decisions using a combination
of ultrasonography and capnography to perform bedside
cesarean section followed by open-chest cardiac massage,
resulting in the successful resuscitation of both mother and
baby, without discernable complications. We suggest open-
chest cardiac massage is worth considering in patients with
potentially reversible causes of cardiac arrest and poor
objective predictors of return of spontaneous circulation.

Supervising editor: Frank Scheuermeyer, MD, MHSc. Specific
detailed information about possible conflict of interest for
individual editors is available at https://www.annemergmed.com/
editors.

Author affiliations: From the Department of Emergency Medicine,
Michigan Medicine, Ann Arbor, MI.
Annals of Emergency Medicine 773

https://www.annemergmed.com/editors
https://www.annemergmed.com/editors


Resuscitation of Peripartum Cardiomyopathy Cardiac Arrest Adan et al
Authorship: All authors attest to meeting the four ICMJE.org
authorship criteria: (1) Substantial contributions to the conception
or design of the work; or the acquisition, analysis, or interpretation
of data for the work; AND (2) Drafting the work or revising it
critically for important intellectual content; AND (3) Final approval
of the version to be published; AND (4) Agreement to be
accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Funding and support: By Annals policy, all authors are required to
disclose any and all commercial, financial, and other relationships
in any way related to the subject of this article as per ICMJE conflict
of interest guidelines (see www.icmje.org). The authors have stated
that no such relationships exist.

REFERENCES
1. Demakis JG, Rahimtoola SH. Peripartum cardiomyopathy. Circulation.

1971;44:964-968.
2. Lavonas EJ, Drennan IR, Gabrielli A, et al. Part 10: special circumstances

of resuscitation. Circulation. 2015;132(18 Suppl 2):S501-S518.
774 Annals of Emergency Medicine
3. Levine RL, Wayne MA, Miller CC. End-tidal carbon dioxide and
outcome of out-of-hospital cardiac arrest. N Engl J Med.
1997;337:301-306.

4. Kolar M, Krizmaric M, Klemen P, et al. Partial pressure of end-
tidal carbon dioxide successful predicts cardiopulmonary
resuscitation in the field: a prospective observational study. Crit Care.
2008;12:R115.

5. Briggs BD, Sheldon DB, Beecher HK. Cardiac arrest: study of a thirty-
year period of operating room deaths at Massachusetts General
Hospital, 1925-1954. JAMA. 1956;160:1439-1444.

6. Paradis NA, Martin GB, Rivers EP, et al. Coronary perfusion pressure
and the return of spontaneous circulation in human cardiopulmonary
resuscitation. JAMA. 1990;263:1106-1113.

7. Boczar ME, Howard MA, Rivers EP, et al. A technique revisited:
hemodynamic comparison of closed- and open-chest cardiac massage
during human cardiopulmonary resuscitation. Crit Care Med.
1995;23:498-503.

8. Takino M, Okada Y. The optimum timing of resuscitative thoracotomy for
non-traumatic out-of-hospital cardiac arrest. Resuscitation.
1993;26:69-74.

9. Alzaga-Fernandez AG, Varon J. Open-chest cardiopulmonary
resuscitation: past, present and future. Resuscitation.
2005;64:149-156.
Volume 74, no. 6 : December 2019

http://ICMJE.org
http://www.icmje.org
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref1
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref1
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref2
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref2
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref3
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref3
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref3
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref4
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref4
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref4
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref4
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref5
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref5
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref5
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref6
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref6
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref6
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref7
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref7
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref7
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref7
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref8
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref8
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref8
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref9
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref9
http://refhub.elsevier.com/S0196-0644(19)30231-8/sref9

	Use of Tandem Perimortem Cesarean Section and Open-Chest Cardiac Massage in the Resuscitation of Peripartum Cardiomyopathy  ...
	Introduction
	Case Report
	Discussion
	References


