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Acute Myocardial Infarction in Pregnancy

An Update

Betsy B. Kennedy, PhD, RN, CNE; Suzanne McMurtry Baird, DNP, RN

ABSTRACT

Despite current trends that indicate increasing incidence,
acute myocardial infarction remains an uncommon event in
pregnant women, yet an important contributor to perinatal
morbidity and mortality. Diagnosis and treatments repre-
sent a complex challenge during pregnancy, and timeliness
and coordination of both are critical. This article reviews the
comprehensive, collaborative approach necessary for man-
agement of acute myocardial infarction during pregnancy to
optimize outcomes for the woman, neonate, and family.
Key Words: acute myocardial infarction, cardiac disease,
high-risk obstetrics, pregnancy

cute myocardial infarction (AMI) remains a rel-

atively rare occurrence, estimated to be 6.6 per

100 000 women during pregnancy, yet carries
significant risk of perinatal morbidity and mortality.'
The maternal mortality rate with AMI during pregnancy
or the puerperium is reported to be as high as 37%.
Concomitant neonatal mortality is most closely linked to
maternal mortality and noted to be from 13% to 17%.%4
Pregnancy has also been demonstrated to increase the
risk of AMI as many as three to four times as compared
with nonpregnant women of childbearing age."** As
more women delay childbirth until later in life, and
preexisting cardiovascular risks such as obesity, dia-
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betes, and chronic hypertension become more preva-
lent, the incidence of AMI in pregnancy may increase.
The purpose of this article is to review care principles
for women experiencing AMI in pregnancy.

RISK FACTORS
Risk factors for AMI in pregnant women are the same as
the general population and include age greater than 35
years, hypertension, diabetes mellitus, obesity, smok-
ing, and dyslipidemia.> The cardiac effects of smok-
ing may be exacerbated during pregnancy because of
the increased vascular reactivity effects of estrogen and
progesterone.! Differences in presentation of AMI be-
tween younger and older (>35 years) women are re-
lated to differences in pathogenesis. Nonatherosclerotic
mechanisms, such as coronary spasm and thrombo-
sis, are most commonly reported in younger women,
while atherosclerotic disease is more common in older
women.® The presence of other risk factors such as
diabetes, hypertension, hyperlipidemia, and oral con-
traceptive use is also more prevalent in older women.
Women older than 35 years are at greatest risk for AMI
in pregnancy or postpartum with cases occurring in
women ranging from 16 to 45 years of age.®®

Other risk factors for AMI in pregnancy are throm-
bophilias, including a history of thrombosis and
antiphospholipid syndrome, pregnancy complications
such as blood transfusion and postpartum infections,
migraines, preeclampsia, collagen diseases, and cocaine
use.>7 Systemic vasospasm and endothelial damage
from preeclampsia can contribute to coronary artery
ischemia.' Increased cardiac work resulting from post-
partum hemorrhage may predispose a woman to AMI
because of increased myocardial oxygen demand or
coronary artery thrombosis secondary to compensatory
hypercoagulability. Vascular inflammation associated
with infection has been associated with increased risk
for AMI, but this higher risk is more closely linked with
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chronic conditions as opposed to acute infection.! Co-
caine may precipitate an ischemic event by causing sys-
temic and/or coronary artery vasoconstriction.?

Whether pregnancy alone is a risk factor for AMI is
unclear.’ Increased plasma volume and cardiac output
in pregnancy may contribute to coronary ischemia and
AMI. The hypercoagulability of pregnancy may predis-
pose some women to thrombotic events. The hemody-
namic and physiologic changes during pregnancy are
most pronounced in the third trimester with most AMIs
occurring during this time.®

ETIOLOGIES

The most common cardiac etiologies of maternal death
are aortic dissection and AML' One cause of AMI in
pregnancy is atherosclerosis, with or without intracoro-
nary thrombus, but less often than the general popula-
tion. Nonatherosclerotic causes include coronary artery
spasm, coronary artery dissection, thrombus/embolism
in a normal coronary artery, arteritis, and in situ throm-
bosis from thrombophilias.®®

PHYSIOLOGIC CHANGES

Pregnancy, labor, and birth

There are substantial physiologic changes in the cardio-
vascular system during pregnancy, labor, birth, and into
the postpartum period to meet the metabolic demands
of both the pregnant woman and fetus. Knowledge and
understanding of these changes are necessary to un-
derstand the pathophysiology and management princi-
ples of AMI in the pregnant woman. Increases in heart
rate, blood volume, and stroke volume with resultant
increased cardiac output intensify maternal myocardial
demand for oxygen. Expected dilutional anemia and
decreased diastolic blood pressure during pregnancy
may affect myocardial oxygen delivery. During labor
and birth, pain, anxiety, and uterine contractions in-
crease oxygen consumption. Dramatic fluid shifts in
maternal circulation after birth from relief of aortic-
venal compression and loss of the placenta contribute
to increased hemodynamic load. Pregnancy is a hyper-
coagulable state. Factors V, VII, VIII, IX, X, XII; pro-
thrombin; and fibrinogen are increased, whereas the
fibrinolytic system is depressed. This alteration in co-
agulation has implications for management with throm-
bolytic therapy.™*

Pathophysiology of AMI

In an acute myocardial event, the damage to the heart
muscle depends upon a number of factors: (1) the num-
ber of vessels and branches involved, (2) disease within
the vessels, (3) the area(s) of myocardium supplied
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by the affected vessel(s), (4) the amount of collateral
circulation to provide alternative perfusion to the af-
fected region, and (5) the oxygen demands on the heart
during and after the infarction.!! Myocardial oxygena-
tion is maintained through physiologic mechanisms to
ensure appropriate coronary perfusion pressure, ade-
quate volumes of oxygenated blood, and unobstructed
coronary flow. When one or all of these mechanisms
are challenged, myocardial ischemia may occur, yet a
substantial deficit must exist before there is presenta-
tion of symptoms. A major coronary vessel has typi-
cally lost 70% in diameter before angina occurs.'? As
such, the presence of angina is an indicator of signif-
icant myocardial ischemia, tissue damage, and cellular
death.

Oxygen consumption is determined by the metabolic
rate; however, vascular diseases compromise the ability
to deliver an adequate amount of oxygen for cellu-
lar metabolism. Oxygen delivery is not only dependent
upon cardiac output Cheart rate multiplied by stroke
volume), but also by the oxygen-carrying capacity of
the blood and the ability of the lungs to exchange res-
piratory gases. Tissues increase the rate of oxygen ex-
traction in the presence of reduced oxygen delivery.
Once limits of extraction are reached, tissues rely on
anaerobic glycolysis for energy and release lactate as
a metabolic by-product. Episodes of prolonged oxy-
gen deprivation produce metabolic acidosis, followed
by permanent tissue damage.

Myocardial tissue is perfused by the coronary arter-
ies during ventricular diastole, which are dependent
upon vascular distensibility and left ventricular function
to maintain perfusion pressure. Atherosclerotic plaques
from cholesterol deposits and platelet aggregation, hy-
pertension, dissection, or coronary artery vasospasm
decrease vascular distensibility. Reduced vascular dis-
tensibility contributes to increased energy expenditure
in the left ventricle. In the presence of a chronic con-
dition, ventricular hypertrophy may result. Ventricular
hypertrophy and associated increased muscle mass in-
crease ventricular stroke work, heart rate, and myocar-
dial oxygen demand. Complications arising from AMI
are presented in Table 1.

DIAGNOSIS

Diagnosis of AMI can be made on the basis of clinical
presentation of ischemic symptoms supported by se-
rial electrocardiograms (ECG) and evaluation of cardiac
troponins. Diagnosis of AMI during pregnancy may be
confounded with the low index of suspicion in child-
bearing women.
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Table 1. Potential complications of acute myocardial infarction®

Complication

Description

Electrical-cardiac dysrhythmias
Premature ventricular beats
Ventricular tachycardia
Bradycardia

Mechanical
Pericarditis

Cardiac tamponade
patients

Left ventricular failure

Cardiogenic shock

Papillary muscle dysfunction

or rupture
Ventriculoseptal rupture
Anterior or lateral wall rupture

Thromboembolism

Associated with acute myocardial ischemia; treat with lidocaine if symptomatic

Associated with acute myocardial ischemia; treat with lidocaine

More common in inferior and posterior AMI; intense vaginal stimulation with SA
and AV node ischemia

Symptoms of chest pain unresponsive to antianginal agents and do not radiate;
acute/early onset of delayed Dressler syndrome
Rare complication due to build-up hemorrhagic pericardial fluid in anticoagulated

Clinical symptoms usually present with 20% left ventricular damage; consider
when sinus tachycardia persists > 48 h

Shock usually from pump failure; rapid myocardial reperfusion is essential;
increase filling pressures to optimize cardiac output

Usually occurs 2-10 days following posterior or inferior AMI; rapid onset of shock,
heart failure, or pulmonary edema

Occurs in 1% of all AMlIs; predisposing factors are anterior septal wall damage,
hypertension, advanced age, and first AMI

Symptoms of recurrent chest pain without ECG changes; high mortality rate;
more common 3-6 days following AMI

Associated with large infarctions in anterior and apical areas

Abbreviations: AMI, acute myocardial infarction; AV, arterioventricular; ECG, electrocardiogram; LV, left ventricular; PVC, premature ventricular contraction; SA,

sinoatrial.
@ Adapted from Baird and Kennedy."’

Clinical presentation

Diagnosis of AMI in pregnancy is the same for nonpreg-
nant individuals, yet the presentation can be confusing
as typical symptoms such as radiating substernal chest
pain radiating to jaw, neck or arms, diaphoresis, nausea,
and exertional dyspnea are also common discomforts
of pregnancy. Such typical symptoms, combined with a
low index of suspicion of AMI in women of childbear-
ing age, contribute obstacles to diagnosis. Women are
more likely to present with atypical symptoms such as
dyspnea, nausea without chest discomfort, sharp chest
pain, palpitations, syncope, indigestion, epigastric pain,
or cardiac arrest.”

Electrocardiography

Electrocardiographic readings are a critical tool for AMI
assessment and diagnosis. Electrocardiogram leads pro-
vide a graphic representation of electrical activity in the
heart and reflect changes according to the site of infarc-
tion. Note that physiologic changes of pregnancy affect
ECG readings, and understanding these changes is es-
sential for correct diagnosis. The gravid uterus displaces
the diaphragm upward during the third trimester, caus-
ing a left or right axis deviation. Other normal ECG find-
ings in pregnancy include Q waves in lead III, T wave
inversion, or an increased R/S ratio in leads V; and V,."
ECG findings of ST elevation or depression and inverted
Q waves are indicative of ischemic changes.
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The ECG findings reveal two groups of AMI:
those with ST-segment elevation myocardial infarction
(STEMD and those with non-ST-segment elevation my-
ocardial infarction (NSTEMD) (see Table 2). This distinc-
tion guides treatment strategies. Coronary artery dissec-
tion and coronary artery spasm are more uncommon
causes of AMI in the general population, while AMI
attributed to atherosclerotic causes is less common in
pregnant women. Clinical presentation does not gen-
erally differ between the two, and the diagnostic ap-
proach is the same for all acute coronary syndromes.'!
Although uncommon, some women with documented
AMI will have a normal ECG as evolution of the infarc-
tion may occur over the initial 48 hours.”

Chemical biomarkers

Uterine contractions can cause significant increases in
cardiac markers such as myoglobin and serum creati-
nine kinase MB; therefore, troponins are recommended
for diagnosis of myocardial injury in pregnant women.*
Cardiac troponins I and T are sensitive and specific bio-
chemical markers released from injured cardiac mus-
cle. Elevation of troponins indicates myocardial tissue
necrosis. Serum blood levels of troponins can be de-
tected 4 to 6 hours after symptom onset from my-
ocardial injury. However, levels may not be detectable
soon after AMI; thus, diagnosis is not ruled out in the
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Table 2. Characteristics of STEMI and NSTEMI

ST-segment elevation AMI (STEMI)

Non-ST-segment elevation AMI (NSTEMI)

ECG changes

ST-segment elevation in > 2 contiguous leads
A new or indeterminate left bundle block OR
ST depression in the right-sided precordial leads
Vessel occlusion

Pathophysiology
Large epicardial coronary vessel involvement with
significant resulting myocardial necrosis

Management

Early revascularization

[V thrombolytics or PCI with stent placement

Prior to PCI medical management may follow
NSTEMI principles

ST-segment depression OR
T-wave inversions in > 2 contiguous leads

Usually indicates complete, persistent vessel occlusion Usually indicates partial occlusion of the vessel

Varying degrees of reduction coronary blood flow in
combination with distal embolization of thrombotic material
and coronary vasospasm resulting in myocardial necrosis

Oxygenation

Pain medication

Treat tachycardia and hypertension

Acute antiplatelet therapy

Possible angiography and revascularization based on risk of
medical treatment failure

Abbreviations: AMI, acute myocardial infarction; ECG, electrocardiogram; IV, intravenous; PCl, percutaneous coronary intervention.

presence of strong clinical suspicion.” Once elevated,
troponin I levels will stay elevated for 1 to 2 weeks.”
Unlike other laboratory values, troponin I is never in-
creased above the upper normal limit in healthy preg-
nant women. The immediate postpartum period, anes-
thesia, and even surgical birth do not affect values and
elevation is always considered abnormal.” > Other con-
ditions that might lead to elevated troponins include
myocarditis, pericarditis, sepsis, and elevated pressures
in the ventricles such as pulmonary embolism and hy-
pertension. Reference ranges for troponin I may vary
according to laboratory and method of measurement.

ACUTE COLLABORATIVE MANAGEMENT
Principles of AMI management do not generally differ
in pregnancy and require a coordinated, collaborative
approach to management. Obstetrics, cardiology, anes-
thesia, and nursing services are involved in planning
and care delivery for the pregnant woman with AMI.
Perinatal nursing plays a key role in maintaining team
awareness of the physiologic changes in pregnancy that
alter target hemodynamic and respiratory values and in
planning for fetal assessment and intervention."
Management, care setting, and transport decisions
are individualized on the basis of maternal and fetal
considerations, risks and benefits to both, and etiology
of the infarction. Early therapy is focused on several
goals: (1) relief of pain and anxiety, (2) reperfusion
of affected vessels, (3) improving the balance between
myocardial oxygen supply and demand, (4) initiation
of antithrombotic therapy to prevent the formation of
a secondary thrombus, (5) improving ventricular func-

16 www.jpnnjournal.com

tion, and (6) limiting the infarction size.!! Timely recog-
nition and treatment are the key to minimizing my-
ocardial damage and optimizing maternal and fetal out-
comes. Initial care measures include ensuring a patent
airway, oxygen administration, peripheral intravenous
access, laboratory analysis of electrolytes, hemoglobin
and cardiac enzymes, Foley catheter placement, inter-
ventional therapy, and pharmacologic therapy to main-
tain hemodynamic and rhythm stability. STEMI and
NSTEMI are managed differently because of the sig-
nificance of vessel occlusion.

ST-segment elevation myocardial infarction

Women with complete vessel occlusion (STEMI) must
undergo early revascularization by either intravenous
thrombolytics or percutaneous coronary intervention
(PCD with stent placement. With PCI, imaging of coro-
nary arteries is completed using contrast media, with
placement of stents in affected vessels as indicated.
There are two types of stents: bare metal and drug-
eluting. Bare metal stents are endothelialized earlier,
preventing early thrombosis. Drug-eluting stents re-
lease antiproliferative medications that decrease risk of
restenosis, but delay endothelialization, requiring addi-
tional and prolonged antiplatelet therapy. In pregnancy,
bare metal stents are generally preferred.'® Complica-
tions of PCI with stent placement include arterial em-
bolization, contrast toxicity, arrhythmia, and vascular
injury. In addition, there may be concerns about tim-
ing/mode of birth, anesthesia options, and increased
risk of hemorrhage due to risks of anticoagulation af-
ter stent placement. These risks may be managed with
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platelet transfusion and use of narcotics or general anes-
thesia for pain relief if birth is unavoidable. There is an
increasing trend toward stent placement as opposed to
coronary artery bypass graft surgery for AMI in active
labor due to the minimally invasive approach.'®

Percutaneous coronary intervention is the preferred
treatment, but if the institution is not capable of per-
forming the procedure, the woman may be treated with
recombinant tissue plasminogen activator (r-TPA). Sys-
temic thrombolysis may be used during pregnancy in
the absence of absolute contraindications including his-
tory of intracranial hemorrhage, ischemic stroke in the
last 3 months, head trauma in the last 3 months, brain ar-
terioventricular malformations or neoplasms, suspected
aortic dissection, active bleeding or known bleeding
disorder, major trauma, bleeding, or surgery in the last
3 weeks, severe uncontrolled hypertension, and neu-
rosurgery in the last 3 months.” Relative contraindi-
cations include current use of anticoagulants and car-
diopulmonary resuscitation for more than 10 minutes.
Women who have received thrombolytics should not
undergo any operative procedures for 10 days after ad-
ministration. Thus, obstetric management decision may
be complicated if the fetus is viable at or near the
time of thrombolytic therapy. The use of thrombolyt-
ics also creates concern about allergic reactions, fibri-
nolytic effects on placental implantation, activation of
circulating plasminogen as a trigger of preterm labor,
and the development of reperfusion arrhythmias.®
Prior to stent placement, women with STEMI are man-
aged following similar principles that guide NSTEMI
care.

Non-ST-segment elevation myocardial infarction

Treatment of NSTEMI is guided by risk stratification
from assessment findings at presentation. Women with
NSTEMI who present with cardiogenic shock, overt
heart failure, persistent and recurrent rest angina de-
spite medical interventions, hemodynamic instability,
or with unstable ventricular arrhythmias are considered
very high risk and are usually referred for coronary an-
giography without delay for further risk stratification.
Risk assessment using reliable and established scoring
tools such as the Thrombolysis in Myocardial Infarc-
tion (TIMD or Global Registry of Acute Coronary Events
(GRACE) allows for identification of women who are at
risk for failure of medical treatment. Risk scores are cal-
culated from items such as age, vital signs, history, risk
factors, current and recent symptoms, laboratory values,
and ECG findings. Women with lower risk benefit from
intensive medical treatments, while women with higher
risk status benefit from early (24—48 hours of admission)
coronary angiography and potential revascularization.”

THE JOURNAL OF PERINATAL & NEONATAL NURSING

GENERAL TREATMENT PRINCIPLES

Initial care measures for pregnant women with AMI
include oxygen administration and pain management.
Oxygen is usually initiated at 2-3 L/min per nasal can-
nula and titrated to optimize oxygenation status. Pain
management is essential to reduce oxygen utilization
and optimize oxygen delivery to the myocardium. Mor-
phine sulfate, given for pain relief and to reduce anx-
iety, is considered safe and effective but may cause
neonatal respiratory depression if administered shortly
before birth.

In addition to pain management and oxygen admin-
istration, an understanding of safe medication manage-
ment to improve maternal outcomes while limiting fetal
effects is necessary. Nitrates are frequently administered
to relieve ischemic chest pain and decrease myocardial
oxygen consumption, as they act to reduce coronary va-
sospasm and ventricular preload. Nitrates may limit the
area of damaged tissue when administered during AMI,
but are titrated to avoid maternal hypotension, placen-
tal hypoperfusion, and precipitation of nonreassuring
fetal status. In women with AMI, B-Adrenergic and B
1-selective blocking agents are utilized for their anti-
hypertensive, anti-ischemic, and antiarrhythmic prop-
erties. They act to reduce chest pain, myocardial wall
stress, and infarction size. Other antiarrhythmics such as
digoxin, quinidine, and adenosine may be used if AMI
is complicated by supraventricular and/or ventricular
arrhythmias. However, amiodarone HCI is used only
in the case of drug-refractory or potentially lethal ar-
rhythmias because of the potential for fetal bradycardia,
congenital goiter, and hypothyroidism.'¢

Although commonly used for treatment of AMI in
the general population, angiotensin-converting enzyme
inhibitors are contraindicated in pregnancy because of
potential for major congenital malformations in the first
trimester and neonatal renal dysfunction in the sec-
ond and third trimesters.” Therefore, alternative med-
ications for vasodilation and blood pressure manage-
ment, such as nitrates, are recommended. Statins are
also used for AMI in the general population for their
anti-inflammatory and antioxidant properties, but there
is insufficient data to support use in pregnancy.’

Anticoagulation is a hallmark of AMI treatment to
prevent systemic or venous thromboembolism, with
two platelet aggregation blockers, aspirin and clopido-
grel, most commonly used in the general population
and pregnant women.” The combination decreases the
number of cardiovascular events by 20%.” Antiplatelet
therapy is used alongside antithrombotic therapy. Un-
fractionated heparin (UFH) and low-molecular-weight
heparin (LMWH) are the most commonly used agents.
Unfractionated heparin and LMWH do not cross to
the placenta, and the effects are easily reversed with
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protamine sulfate.! In women at high risk for devel-
opment of recurrent symptoms, LMWH appears to be
more effective. However, in women with a high risk
for development of recurrent symptoms and potential
early intervention with PCI, UFH is equally effective
with fewer bleeding complications.” A summary of com-
mon pharmacologic treatments for AMI is presented in
Table 3.

OBSTETRIC CONSIDERATIONS

Most maternal deaths occur at the time of or within 2
weeks of AMI. In addition, some data suggest that birth
within 2 weeks of AMI is associated with increased risk
for recurrent AMI.® Therefore, if a woman is beyond the
acute phase of an MI postponing birth for 2-3 weeks
to allow for cardiac healing is reasonable. However,
there are not data regarding optimal gestational age of
birth after an AMI. If the woman is determined to be
in preterm labor and tocolysis is indicated, magnesium
sulfate is preferred and has a neuroprotective fetal effect
if given prior to 32 weeks’ gestation. Sympathomimetics
are not administered because of associated increases
in heart rate and myocardial oxygen consumption, and
the potential risk of ischemia, even in otherwise healthy
women. '

Timing of birth is carefully considered on the basis of
maternal and fetal status, gestational age, and planned
management of anticoagulant therapy. Induction of la-
bor and vaginal birth hold many advantages over oper-
ative birth, including elimination of surgical risks, dra-
matic hemodynamic fluctuations, and decreased blood
loss. Prior to birth, interprofessional preparation and
development of a plan of care assist providers with
communication, staffing, medication, and equipment
needs for monitoring. Administration of oxytocin during
a scheduled induction of labor is safe; however, recom-
mendations include that prepared oxytocin mixtures be
diluted to prevent coronary artery spasm and theoretic
antidiuretic hormone activity.>*® Goals of management
for the laboring woman anticipating a vaginal birth in-
clude reducing cardiac workload and oxygen demands
and normalizing the family birth experience. Lateral re-
cumbent positioning is preferred for labor and birth
to optimize cardiac output, while enhancing placental
perfusion.® Shortening the second stage of labor with
the laboring-down technique or instrumental assisted
birth are recommended to decrease oxygen consump-
tion, fatigue, and the maternal tendency to Valsalva dur-
ing pushing.'® Limited, open glottis pushing may be safe
if the woman’s ejection fraction is at least 40%."

Recommended surveillance during labor, birth, and
the first 24 hours postpartum includes continuous as-
sessment of blood pressure, pulse, oxygen saturation,
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ECG, and fetal heart rate.'? Supplemental oxygen ad-
ministration and adequate pain management during
labor and birth are essential to minimize myocardial
oxygen consumption and increases in cardiac output
demand with sudden catecholamine release. Neurax-
ial anesthesia for pain relief is considered preferable
as general anesthesia may be associated with signif-
icant increases in blood pressure during intubation.'
Tachycardia and abnormal blood pressure parameters
can have adverse effects on the woman’s condition
by decreasing cardiac output and should therefore be
prevented or corrected if they occur.* The use of er-
gonovines in the postpartum period is avoided because
of the risk for coronary artery spasm.* An example of
interprofessional plan of care is outlined in Table 4."

OBSTETRIC ADVANCED CARDIAC LIFE
SUPPORT
In the event that cardiopulmonary resuscitation is re-
quired following AMI, recommended algorithms and
medications are the same as for the nonpregnant pa-
tient population. Chest compressions and artificial res-
pirations may be less effective in the pregnant woman
owing to the displacement of abdominal contents and
elevation of the diaphragm in the second and third
trimesters.? Modifications to improve cardiac output and
manage the woman’s airway and emergent perimortem
cesarean birth are summarized in Table 5.
Initiation of a perimortem cesarean birth has been
advocated within 4 minutes if maternal resuscitation ef-
forts have failed to return a pulse.” By relieving aorta
and venacaval compression, venous return and sub-
sequent cardiac output may improve, increasing the
potential for maternal and fetal survival. Emptying the
uterus also improves the effectiveness of chest compres-
sions and autotransfusion increases intravascular vol-
ume after birth, improving cardiac output.?*-#
Neonatal survival is directly proportional to the
timing between maternal cardiopulmonary arrest and
birth.*® Delivery of the fetus within 5 minutes signifi-
cantly improves the neurologically intact survival rate
of the viable fetus.?® Cessation of maternal cerebral
blood flow occurs at 6 minutes, and fetal survivabil-
ity decreases with each minute after maternal cardiac
arrest. However, there are case reports of maternal car-
diac arrest outside of the acute hospital setting with pe-
rimortem cesarean section performed as late as 26-35
minutes after arrest yielding a neonatal survival rate of
25%.%2! To reflect the benefits of early cesarean birth,
a mindset and terminology change from perimortem
cesarean section to resuscitative hysterotomy has been
recommended.?

January/March 2016

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



"UOII0JBLUI [BIPIROOAW UONEABIS 1UBWRSS-| S ‘INTLS ‘einsseid poolq 21j01SAS ‘'dgSs ‘pepesu se ‘uid ‘yinow Ag ‘Od ‘UolusAielul
AleUO10D Snosuelnalad ‘|Dd {UOIdIeUl [BIPIEDOAU UOIIBAS|S JUBWASS-] S—Uou ‘||AFLSN ‘emnuiw lad sieaq ‘wdq ‘e1es Lesy ‘YH 2inssaid SNoUsA [B1IUSD ‘'dAD ‘8inssaid pooq ‘dg ‘Aep e 891 ‘pig :SUOIIBIASIqaY

p.Jeosip pue dwnd !S|aAs| wWNJIas
a1ewixoldde Aew pue 3| 1Sealq ul paleloxg

suolneoss.d y/bw G |-G 1e uoisnjul Aq S|9SSaA AJeuolod sale|ip
[|e} Juswa|dwl ‘enbiie) pue ssauizzip asned Aen PaMO||0} SNjOq BX/Bu Gz :SnousAelju| ‘ainssald poo|q Jo/pue
wdqg 09 > YH 4 ploy p/Bul 09€ 40 8sop 1kl 1Jeay [041U09 0}

'SpuaJl YH lo1uouw—elpledApelq asned Aejp wnuwixew 031 Yy 9 Alens Bw 06-0€ /8.0 (wezipieD) wezen|iqg JOMQIYUl XN[uUl uol wniojed

uI0gMau Ul 8pex00|g-¢g usisisiad
9sSned Aew !S|9A8| |eulalew 0} |enbe s|ens|
wiNJes |e184 {UoI1e|NOJID |e18) Sielue Ajpidey

wdag 09 > YH 4
ploY ‘Spusil YH Joyuow ‘eipiedApelq asned Aeln|
BHwW 0z > 49S 4 ploy ainssauid
‘Spuall 4g J0uuow ‘uoisuslodAy asned Ae|p alg bw 0g Od usyi pue bw G| (Jossalido) poo|q Jo/pue a1kl
aseasip Aleuow|nd YL USWIOM Ul PIOAY JO [B10} B 01 Ul G AJens \| Bw G-G'Z |ojoido1B|N 11eay |0J1U0d 01 18320|g-¢
91e4|NS sulwel0ld YlIM S1084)8 10BI81UNOYD
eulolewsy eulds Jo [ednpids JO 3siy ‘PaAsIyoe SI |Dd
Spuall | | e JOLUOA 'IN}SS©20NS S| JBI|Ies 10 Y 8f IO} 8SNu|
ajes s| buipesjisesaig "SpPU028S 0/ PUE 0G Usamiag (1 [ de)
e1usoe|d SS040 10U S80( auwl} uiise|doquiolyl |enled paleAioe
(e0usploul ue aAaIyoe 01 y/B3/N Z 1 1e uoisnjul uleday
%0 L-%G) eluadolAooquiolyl asned Aep| snonuiuoo e Ag pemol|o4 snjog B63/N 09 paleuonoelun
euloleway [eulds Jo [ednpida O 3siy snjog Al Bw 0g YyHm 1eis—| AT LS
ajes s| buipesjisesiq paA8IyO. S| UoIIUBAISIUI Aleuoiod
Jajsuely |erusdeld oN snosueinolad [NySS8I9NS §I Ja1jIes Jo p (xousno)
uledsy peleuolioeljun o1 Josdng 8 10 |e10} B 10} |g Shosueinogns B/6w | uriedexouq 2110qUIOIYIIUY
uondwnsuod
uabAxo pue ‘Aleixue ‘uied sesealds( ured wid Al Bw -z a1e}ns aulydion o1sebjeue 011001eN

dAD seseada(
uondwnsuod usbAXo |eIpledoAW sasealda(

SpuaJil YH Joluow—YyH asealioul Aejp| wid ulw G Aleas uiw/B7 g Jo sesesloul
ayoepeay sasned Ajjuanbai4 AQ e3el1} pue uiw/67 Q| 1e1s :snousaeiul
uolsus1odAy asneo Aew—spuail 4g JOLUO|A| uwid sasop ¢ Jo (1e1S5041N)
eulbue JO SuWOo1dWAS Yl BAID |e101 e 1o} ulw G Alens Bw °Q jenbuligns uledAIBoIIN 101B|IPOSEA
10d 10/pue dld
[INTLS Je3je unidse yum Ajpuslinduod asn Od Bw 0 uay: ‘esop Buipeo| Od Bw 081
10d 40/pue Allep
[INTLS Je3je unidse yum Ajpuslinduod asn 0Od Bw Q| usay} ‘esop Buipeo| Od Bw 09
10d Jo/pue ‘|INJLS Allep Od B (equijug) Jojeibedl |
‘IINJLSN Jo1e uuidse yum Ajpuaiinouod asn G/ uay} '‘esop Bulpeo| snjoq Od bw 00 (1uaiy3) |81bNseld
loyqiyur e1ebaibbe Allep Od Bw 001-18 (xine|d) [9160pidoj) lougiyut
19|91e|d Jayloue YlM UOIIBUIqUIOD Ul PalIELIS uay} ‘esop Bulpeo| Od Bw Gze-z9l uLidsy uonebeaibbe 1o|91e|d
suonesiduwi Buisinp asoQq uolesIpa|Al uonduasaqg

19

www.jpnnjournal.com

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

IINY 10) sjuauwleas) o1bojosewseyd uowwod) "€ ajge |

THE JOURNAL OF PERINATAL & NEONATAL NURSING



(senuruog)

Aoewleyd yim spasu 81euipioo)
uondwnsuod usbAXo 8Sea108p O} 8|geLI0JW0D UBLIOM doa)|

ueds (19) Aydesbowol paziueinduwod se yons sisoubelp [BllusIapIp 10} Spasu Bunlsel Jaylo aledionuy
1V1S Se paispio 8q pjnoys bunsal ||y

1NdINo JO JuUBWISSasSe AlINOH

93e1Ul JO JUBWISSOSSe AINOH

Aoljod [endsoy Jed
¢0ds jo esuodsai
pue swoldwAs s,uewOM 81 AQ peledipul Se enbiuyde) uonellSIuILUPE PUB JUNOWE 8Sealou|

sloloweled |euiouge Lodey

ainjeledwal pue
'10]00 UPYS ‘Spunos yiealq ‘ewsps Jo soussald ‘Alijenb esind |essydued ‘WylAyl ‘Spunos oeipied 810N
sloloweled |euwiouge Lodey

uoiysod s,18|M04 ybiy ul 82e|d ‘palelalol 10U 4l ‘paleIa|o) |
UOI}BAIIOB Wes) asuodsal pidel o) pasu 81en|eAs
pajedipul sy

suone|nbal yvLIAT Jed Japinoid [eoipaw paljiienb e Ag Juswssasse
a)eIpaulWI 1o} paubisse Alnoe snieys ,1usblaws, ‘|eydsoy 03 [eAllle uodn BuiUS8IOS [BIHIUI JOHY

sjuabe olwylAyLe-nuy |

aplwesoind |

1uswebeuew ainssaid pooig W

S19300|9-9 W

[eJBopido) m

uuidsy |

uLeoABolIN B

Spesu uolledipaw Jeylo aledonuy

91eJINs dulydiow yim juswebeurw uled
so1A|04109|3 ©
[BUSISHIP YUM DgD ©
| uluodou] o

sqeT |

Ael-x1sey) W

weibolplecoyo] |

RIOER |

Bunse |

Je18y1eo Asjo4 ooe|d

dwind uoISNjul BIA UIBLUIBW PUB SSB20E A| UIB1qO

Aoisiy |ereusld pue 91181Sq0 MaIneY
obe |euoneiseb

,S¥9eM €7 < JI (IN43) Buliolluow |e1a) 01U0J108]9 SNONUILUOD

DN 71z usbAxo seisiuiupy
Buloyuow 2nds snonunuo))
Bulioyuow 53 SNONUIUOYD
Juswissesse ublis |elA Juanbai

Juswissasse |ealsAyd 8031-01-peaH
96eSOpP pUB SUOIIEJIPAW JUBIIND BUIWISIe]
Aloysiy oelpJed Joud aulwisleqg
uoiysod [esa1e| 1ybu 10 18| ul 8de|d
JUBWISSASSE 10} pISpaq 0} W02 0} (s)iepiroid A{ION
SPaau 91D YlLIM 1SISSE 0] SasInu [euolippe 1senbay
Alo1s1y |eulale|n
swoldwAs pue subis jo uoniuboosy
$10)0B sl JO uonIubooeYy
Bulusalos |eniu|
:uo paseq sniels abeu Ayold

uoissiwpy/ebel |

sjusawwo)

uonay

sniels [eye) aziwido o} uoisnpiad [eyusde|dolain azZIWIXe|N

92|S UOI10JRJUI JO UOIIELIWI| PUB S|9SSOA Pa10a}e JO uoisnjladey
Juswebeuew Alaixue pue ujed

suo11eol|dwoo 1esl} 1o JusAdld

uondwnsuod usbAXO [eIPIedOAW 8ZIWIUIN

AJoAIjop USBAXO [BIPJEOOAW BZIWIIXBA|

All|Iqe1S OluBUAPOWaY [BUIBIBIA|

s|eon

.24ed Jo ue|d jeuoissajoidialu] "4 o|ge|

January/March 2016

www.jpnnjournal.com

20

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



(senunuoo)
Aoljod [enidsoy Jad uonesnliaA duls pue UoEIUSWINO0QJ
10qe| 4o abels pug Buunp seinuiw G Alan3
10Qe| 8A110e Bulnp ulw G| Aieng

%96 > }1 1opinoid AjoN
winyedisod a1eipawidl pue yuig Buunp 1oddns Buisinu [euoilppe 10} pasu aledionuy

paleodlpul Se syue|nbeodiue 1oy uejd sujwlaleq

yuiqg pue Joge| Jo} ueld suluiereqg

9189 J0 ueld Buipiefal sisquuaul Wesl [[e [[IM 91edIunuuo))

SO1I181SO Ul Pasn AjaullN0J 10U SOJIAISS PUB SPaaU a1ed Jusiied 1UaLnd suluieleq
ulleday 1yb1em-1e|nds|0W-MOT

90IA8p U0ISSaIdw o9 |elrusnbeg

suonsenb Jamsue pue Ajiule) pue jusiied Yium 81ediunuwiuo)

81e0 Jo ueld Ajlep sululislap 01 81eI0ge||0)

Soul|dIoSIp [[B YlM 81euIpIoo)

S1ue|NBeODIIUE JO UOIIENUILUODSIP Bulpiebal Japinoid 9113181Sq0 YlIM S1eUIpIo0)
yuiq Bulnp uswebeuew uled 1o} ue|d

SSeuizzIp 9Sned Aew SUOIIROIPAW SUIOS

ainpadolid pue Adljod [eudsoy Jad

Adljod ND| Jed sanjeA 8soon|B poo|q Joyuow ‘asuodsal $sai1s 0} anp elwadA|BiadAy |eulslew ploAy
AYI|IgE1S dlweuApowaY |eulolew J814e SNUILUODISIP ‘1818Yied A8|04 anuiuo)

dwind eIA SUOISNJUI A] ||B JO UOISNJUI 8NUIIUOD

abe |euoile1sab-104-|lewls asned Aew siax00|g-¢
Allj1gels olweuApoway |eulelew pue ebe [euoielseb Aq psulunieleq
Aoljod |endsoy Jad uoineoiyiion duis pue uoleuswndoq

1noy A1ens 1ses| 1y

Aoeweyd

Adelayy Aiojesidsey

ABojoipey

AlO1BIOGE| UOI1EZII818Y1ED AJBUOIOD)

aul| [Bu8)

Burioyuow HYJ SNONUIUOY
saullepIinb ysi
ybly Jey s1usuISSasse Ylim Bullo}uowl suliain pue [e}a) SNONURUOD
Buriopuow ¢ods snonuiuo)
(ABojoipied
pue auIdIpaW [B}o)-|PUISIRW) JUuBWISBEUBW [BOIPAU BAIIBIOGE||0D)
Bulyjels |:| ulelule|n|
podsuesy uabAxo 10} sjaAs| uigojfowsy aziwidQo
yHiqg |pun uonezijeydsoy a1edionuy
SYM € 0} Z 104 Yyiiq Aejep o1 3dwieny

80UB184U0D 91BD [eUOISS8}0IdIBIU|

sixe|Aydold wsIoquiaogquIOIy} SNOUBA

spunou apispaq |euoissajoidialu|
}INsu0d Abojoisayisauy

suonnedald |ey Juswe|dw|
SpueaJl AJO1eJOGE| JOLUOA

JusWaInseaw INdino pue axelu|
swoldwAs Joge| 10} o1en|eA]
ymolb |e1ey JOUUOIN
pa1edIpul Se A3 SnoNuiuo)
BuloyuoWw HHJ sNoNURUOD
snies
Asojeuidsal pue oeipied o Bulioliuow OlWeUApOUISY SAISBAUIUON
Juswebeuew BuisIiNU pue |eoIpPaW SAIIBIOCE[|0D)
9|gels AjlediueuApowsy
[IIUN UOIIUSAISIUI PUE UOIEZII819Y1ed JBIPIeD 191je 81ed JO [8A8| ND)|
uolIUBAIBIUI AJRUOIOD SNoduUeINdJad 10} paau a1edonuy

sluswliedep/saolAles Alejjioue eleldoidde AjinoN
Alllue) puB UBWIOM YHM 81ed JO ue|d 81e01unwwio))
8.1e2 01 yoeoidde BuliNsseal ‘wied UlelUIB|A|

BulIo}UOW OIWBUAPOWSY SAISBAUL 10} paau a1edidnuy

Aljioe A| [oreT/a1e0
Aseiue | —winuedenu|

8|ge1s |11un Hun .1ed
aAIsUBIUI—uIN}edaiuy

sjuswwo)

uonoy

(panunuoy) .2.1ed jo ueld jeuoissajordialu] ‘1, a|ge |

21

www.jpnnjournal.com

THE JOURNAL OF PERINATAL & NEONATAL NURSING

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



11 Apauusy pue pileg pue g [e 18 3e0H JapueA Woi) pardepy,
‘WIS 0QIS0GQUIOIYL SNOUBA “J | A ‘SNOUBARIIUI ‘A| ‘HUN 818D BAISUSIUI ‘N ‘8181 Lieay ‘YH ‘WeiBoipied0ios|e ‘5T !||99 poo|q 818|dwod ‘g ‘einssald poo|q ‘dg ‘UOILID0SSY HESH UBdLBWY ‘YHY :SUONBIASIGAY

UOI3011}SUOD0SEA AlBUOIOD 8sned Aelp|
ewapa Aleuow|nd ojuabolpled asned Aewl Yig 1e UOISNSUBII0INY

AJBAI[8Q pue JogeT Ul pasn A[auiinol 10U SUONEDIPSIA|

dg pue dAD Ul 8sll 10 SSOSSY
SSO| POO|( 4O UOIBOIIUBND

SO|UWBUAPOWSY [BUISIBW PUB 1U8DSaP [B18} 8Z|wiido 0} uonIsod
SUOI}EPUBLIWODAI \YHY J8d
uoisuelodAy 1usasld 01 8910yd
uoledIpaW pue asop ‘peojald arenbape apinoid ‘pailejeid eiseyisaue [eIxeinap
ulenied UoIORIUOD
8UulIBIN 4O SISE Sl U0 papasu Se Ul O AIoAe 8Sealdul pue ull/nul z—| 1e Ueis
19320]0g-¢ 10} pasu aledionuy
eipledAyoey Jo sasneo a1ebiisanu|

pue Joge| o abels puodas 1oy uolisod Bunis ‘palessa|o} se apis 1Bl 1o 18| Uo Joge]
$8SN|0g SNOUSABIIUI UM UoIsuslodAy 1eal]
BISOY}SOUE [BIXEINau O} Joud pue Joge| Buunp peoj awn|oA alenbape apIAoid

dAD Ul Spuail JOLUOIA
Joge| Buunp 1uswade|d Ja1ayi1ed As|o4

uonesnsiuiwpe pinj 1oy dwnd uoisnjuj
uonelsidisiul |43 Ag peuiwielep Se anbjuyoel UOIEIISIUILIPE PUB JUNOWE 9SeaIou|

SOOIAI9S BUIDIPAW [B}8)-[BUIS}EW pue ABO|oIpIEd Yim dn-mo||04
Aliw Buipleasip
pue Buidwnd salinbal uonesipaw I sulwlelep ‘pebeinoous Bulpesjisealq
Juswebeuew uled ayenbape apinoid
JoANSUBW BAJES [BA PUE UOIIRAIISUOD PIOAB—SSAIIEXE|/SIOUS140S [001S
aJed Jo
ue|d Buipiefal UOIIEIIUNWILUOD PUB UOIIBONPS YN 1ea) pue Alaixue aziwiulA|
1S9. pUB UOI1EXE|S] 810WO0ld
pa1e2IpuUl SB S8dUBeqUUl 81A|04109|8 pue pIn|j 1eal|
sixejAydold 3 A
Bulpuoq juejul-Ajiwie) e1ouwold
SNjels |eulslew Aq
pa1edIpul Se J0 Y 7z 104 Bulioliuow dlweuApouay pue ‘o3 ‘¢Qds enuiuo)
loge|
J0 abe1s pJiyl ul Jusbe oluololeIn e se suipue|belsoid pue suiblayiow plIoAy
wnuedisod
9]eIpalUWI PB1LDIPUI SB UOIIRJISIUILUPE 8PILUSS0IN) PUB UOIIONpal peojald
poledIpul SB SUOIE}NSUOD)
Aoewieyd yuim 81eUlpIOOD pue Spaau UoledIpaul a1edioiuy
uois|ndxe |elusde|d Jalje uoisnjsuesioine aledionuy
yuiq 1e sso| poojq a1edionuy
SUOI1BDIpUI [BO1I}81SCO 10} YHIG UBaIeSa)
Buiuonisod Awoloyl| pIoAY B
Burysnd Buunp JeAnsuew eA[ES |eA pue Buipjoy Yieaiq pIoAy I
UMOp J0CET |l
Juswebeuew obels puodes
sixejAydoud sipieoopus |eusioeg

Juswebeuew uied

10Qe| 40 uoleusWANe 10 UoIIdNPUI 104 UID0IAXO JO Buisop 2160|0ISAyd

uolsusliadAy/uoisueilodAy ploAy |
(0LL < YH) eipiedAyoel ploay |
elws|oA0dAy ploAY 1
ndino oeipied aziwndQo
JusWaINSEaW
(dAD) @Inssaid snousA |eilusd pue Jusulsoe(d aul| [BJ1USD JOPISUO)
1USWISSOSSE 4g SNONUILUOD JOj Juswiede|d aul| (LY

Juewainseaw INdino pue axeul AlUNoH
ON 7 2 usbAxQ

winyedlsod

sjusawwo)

uonoy

(penunuo)) .24ed jo ue|d jeuoissajosdialu] ‘i, a|ge |

January/March 2016

www.jpnnjournal.com

22

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Table 5. Modifications of Cardiopulmonary Resuscitation in Pregnancy?®

Action Rationale

Place the woman in a supine position Compressions with the woman in a lateral position are less
effective

Prevention of compression of aorta by gravid uterus

Pregnancy changes in airway mucosa

o Edema

o Friability

o Hypersecretion

o Hyperemia

Manually displace uterus if > 20 wks' gestational age
Early intubation by an experienced provider

Apply cricoid pressure during intubation

Hand placement for chest compressions should be
slightly higher on the sternum

Insert intravenous catheter above the diaphragm
(usually a central line)

Remove external and internal fetal and uterine
monitors

Perform perimortem cesarean birth beginning at 4
min after cardiopulmonary arrest

Adjusted because of elevated diaphragm and abdominal

Allows for access to maternal abdomen for perimortem

During apnea, pregnant women desaturate at a more rapid
rate

Physiologic changes in pregnancy cause the woman to
become acidotic at a more rapid rate

Pressure applied to the cricoid cartilage pushing the trachea
posteriorly, pressing the esophagus against the cervical
vertebrae to reduce risk of aspiration

contents by the gravid uterus
Deeper—chest wall compliance is decreased
Rapid volume expansion

cesarean birth
Improve maternal resuscitation efforts

Improve neonatal outcomes
Potentially avoid permanent CNS injury in the newborn that
may occur after 5 min after cessation of flow

Abbreviation: CNS, central nervous system.
aAdapted from Vander Hoek et al,'® Baird and Kennedy,'" and Lipman et al.?®

The obstetric nurse is a key member of the resusci-
tation team and potentially fulfills several roles in the
event of a maternal cardiac arrest. These may include
the historian to provide pivotal patient information re-
garding pregnancy and maternal assessment prior to
arrest, administration of emergency medications, intra-
venous insertion, documentation of code events, and
providing chest compressions. Further recommenda-
tions include practice with simulated code scenarios
for all team members on a routine basis.

PREGNANCY AFTER AMI

Pregnancy after AMI is associated with increased in-
cidence of short- and long-term illness, rather than
high maternal mortality.® The amount of residual car-
diac function, anatomy, and cause of initial infarction
determine maternal morbidity. Testing to determine ev-
idence of coronary vascular disease and myocardial
function is advised before future pregnancy. Women
are typically advised to wait at least 1 year follow-
ing an AMI before becoming pregnant again. Because
episodic myocardial ischemia may be occurring with-
out angina, treadmill exercise tolerance testing and my-

THE JOURNAL OF PERINATAL & NEONATAL NURSING

ocardial perfusion imaging at rest and after peak ex-
ercise is recommended. If treadmill testing reveals ab-
normal response, angina, or a drop in blood pressure
at a low level of exercise, the woman is at high risk
for a serious and/or fatal myocardial ischemic event
and is advised against becoming pregnant. Coronary
arteriography may be also performed to determine de-
gree of coronary stenoses and potential need for revas-
cularization. Myocardial infarction can cause left ven-
tricular damage, resulting in decreased cardiac con-
tractility and cardiac output. Therefore, left ventricu-
lar function studies such as echocardiography or trans-
esophageal echocardiography are performed prior to a
future pregnancy. If severe damage, decreased left ven-
tricular function, and heart failure are present, women
are strongly advised against further childbearing.'®

CONCLUSION

Acute myocardial infarction during pregnancy remains
rare, but trends indicate that perinatal nurses may be
faced with the challenges of caring for women with
AMI in the future. To minimize morbidity and mortal-
ity associated with AMI, it is critical to remain vigilant
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of maternal symptoms such that diagnostic testing and
treatment may be rapidly initiated to preserve myocar-

lines for cardio-pulmonary resuscitation and emergency car-
diovascular care. Circulation. 2010;122:5829-S861.

. .. . . 11. Baird SM, Kennedy BB. Myocardial infarction in pregnancy.
dial fu.nct1on1ng. The perinatal nurse plays a key role in ] Perinat Neonat 1\?; . 2002; 4311321, preghancy
planning and caring for the woman experiencing AMI 12 Graber EA. When an ob patient has coronary disease. Con-
during pregnancy. Team and interprofessional commu- temp Obstet Gynecol. 1989;6:56-62.
nication is essential for providing safe, accurate, patient- 13- Sheikh AU, Harper MA. Myocardial infarction during preg-

d to achieve ontimal maternal and fetal out- nancy: management and outcome of two pregnancies. Am J
centered care p Obstet Gynecol. 1993;169:279-284.

comes. 14. Nickens MA, Long RC, Geraci SA. Cardiovascular disease in

pregnancy. South Med J. 2013;106(11):624-630.
15. Shade GH, Ross G, Bever FN, Uddin Z, Devireddy L, Gardin
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