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Abstract
The prevalence of cardiac arrest in pregnant women varies from 1/20,000 to 1/50,000 pregnancies and is associated with high 
fetomaternal mortality. The pregnant mother is more susceptible to cardiac arrest as hypoxia is poorly tolerated. Hemorrhage, 
eclampsia, sepsis, and embolism are common causes of arrest. Cardiac arrest is preventable if a predisposing clinical prob-
lem is detected in time by an early warning score and treated immediately. Resuscitation in obstetric patient is challenging 
and special as it involves the lives of two patients, the mother and the fetus. Physiological and anatomical changes during 
pregnancy need special considerations during cardiopulmonary resuscitation. Chest compressions, defibrillation, and drug 
administration guidelines are similar to those in non-pregnant women. Early endotracheal intubation by an expert is desir-
able but bag-mask ventilation with oxygen supplementation should be initiated immediately by the first responder to prevent 
hypoxia. Hyperventilation should be avoided. An intravenous line should be established above the level of the diaphragm. 
Manual left lateral uterine displacement is necessary to relieve aortocaval compression when uterine height is more than 
20 weeks. Perimortem cesarean delivery at the site is a part of resuscitation if spontaneous circulation is not established 
within 4 min, after detection of the arrest. Echocardiography and ultrasonography can help to find out the etiology of the 
arrest. Targeted temperature management and extracorporeal cardiopulmonary resuscitation should be considered as needed. 
The newborn will be taken care of by a neonatologist. Following emergency protocols, early warning scores, training and 
updating resuscitation guidelines, simulations, collecting a national database of pregnant mothers along with the teamwork 
of obstetrician, anesthesiologist, neonatologist, and emergency physician can reduce fetomaternal mortality.
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Introduction

Maternal mortality is a key health indicator. The prevalence 
of cardiac arrest in pregnant women varies from 1/20,000 to 
1/50,000 and is associated with high maternal (30–80%) and 
neonatal (60%) fatality rates [1]. As per WHO estimates; out 
of 529,000 maternal deaths globally; 136,000 deaths (25.7%) 
are contributed by India each year [2].

Treatment of cardiac arrest in obstetric patients is chal-
lenging due to altered maternal anatomy and physiology. 
Mother, as well as fetus, is at risk. Resuscitation guidelines 
are special and a multidisciplinary team approach is essen-
tial for cardiopulmonary resuscitation [CPR]. Obstetricians, 
neonatologists, anesthesiologists, emergency physicians, and 
those involved in the 'Maternal Code Blue Team' must be 
aware of special considerations related to CPR.

The available literature about CPR in an obstetric patient 
is largely observational, and treatment decision is based on 
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the physiology of pregnancy and extrapolations from non-
arrest pregnancy state [3].

According to Leonardsen et al., it might be difficult for 
obstetricians to maintain the skill of CPR as cardiac arrest 
is rare in pregnancy. His study revealed that 82% of caregiv-
ers agreed that there is a need for additional knowledge and 
training for CPR [4]. Obstetricians need to update them-
selves about recent guidelines as correct and timely interven-
tion can alter outcomes of resuscitation [5].

Factors Responsible for Cardiac Arrest During 
Pregnancy

Cardiac arrest may be due to cardiac or non-cardiac factors.

Cardiac Risk Factors

Common cardiac risk factors are complex congenital heart 
disease with pulmonary hypertension, valvular disease, 
cardiomyopathy, coronary artery disease, connective tis-
sue disorders, and prior cardiac surgery [6, 7].  Triggers 
such as hemodynamic shifts due to arrhythmias, myocardial 
ischemia, thrombosis, and electrolyte abnormalities can lead 
to sudden cardiac arrest.

Non‑cardiac Risk Factors

Hemorrhage, sepsis, eclampsia, and anemia are common 
causes in India [2]. Pulmonary embolism, hemorrhage, sep-
sis, stroke, eclampsia, and complications related to anesthe-
sia are common factors reported in western countries [1].

Pregnant women can also have a cardiac arrest from other 
causes as in non-pregnant women of the same age group.

Following, ‘A’ through ‘H’, mnemonic is devised by the 
American Heart Association 2015 for causes of cardiac 
arrest in pregnant women [7].

A.	 Anesthetic complications, accident/trauma
B.	 Bleeding
C.	 Cardiac causes
D.	 Drugs
E.	 Embolism
F.	 Fever
G.	 General causes—including hypoxia, electrolyte distur-

bances, etc.
H.	 Hypertension

Resuscitation outcomes of in-hospital pregnant women 
are better than non-pregnant women, probably because the 
majority of mothers are young and have potentially revers-
ible causes related to cardiac arrest [8].

Prevention of cardiac arrest, by early detection of criti-
cally ill patients, is an important link in adult basic life sup-
port. Early warning score monitoring can help to initiate 
timely treatment and reduce mortality.

Obstetric Early Warning Score (EWS)

Direct causes of maternal deaths are well known, largely 
preventable, and treatable [9]. EWS to discriminate between 
survivors and non-survivors among critically ill obstetric 
patients in ICU is suggested by Carle et al. [10]. Clinical 
signs like systolic blood pressure, pulse rate, respiratory rate, 
supplementary oxygen required to maintain oxygen satura-
tion (SpO2) > 95%, temperature and altered consciousness 
(using Glasgow Coma Score) are monitored, and scores are 

Table 1   Obstetric Early Warning Score (EWS) *

* Aminu Umar, Alexander Manu, Matthews Mathai, and Charles Ameh. Development and validation of an obstetric early warning system model 
for use in low resource settings. BMC Pregnancy and Childbirth 2020; 20:531–540
** For a score of 0 or 1, repeat observation as for the postoperative patient, for a score of two, repeat observation after 30 min and if it remains 2 
or rises, inform concerned doctor, for a score of 3 or more call concerned doctor immediately

Sr. No Parameters Scores**

2 1 0 1 2

1 Temperature (degree Celsius)  < 35 35- < 36 36-< 38  > 38
2 Pulse rate/min  < 40 40-< 50 50-< 100 100–120  > 120
3 Respiratory rate/min 0–10 11–20 21–30  > 30
4 Systolic blood pressure (mm Hg)  < 90 90- < 100 100-< 150 150–160  > 160
5 Urine volume ml/hr  < 20 20–30  > 30
6 Mode of birth Cesarean Section Vaginal Cesarean Section
7 Consciousness level Response to pain/ 

unresponsive
Response to voice Alert Response to voice Response to 

pain/ unrespon-
sive
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given. Unstable mothers with a > 6 score have a mortality 
rate of 6. 3% [11].

A simple prediction model for evaluation of severe 
maternal outcome (SMO) in the ward and resource-limited 
settings is introduced by Umar et al. [12]. Score based on 
clinical parameters can predict SMO (Table 1) and will be of 
help during triaging and follow-up of patients. Women hav-
ing abnormal clinical measurements (either lower or higher 
than normal) were more likely to have SMO than controls.

The unstable patient should be administered oxygen and 
be placed in a lateral position. An intravenous line should be 
secured, and treatment is initiated at the earliest taking help 
of experts, and the patient is shifted to ICU.

Although the algorithm of Umar et al. does not include 
measurement of SpO2 using pulse oximeter, other studies 
have demonstrated that SpO2 is a valuable predictor of seri-
ous obstetric complications [13].
(A) Basic Life Support (BLS):

Immediately after detection of unresponsiveness, apnoea, 
and the absence of carotid pulse, multidisciplinary maternal 
code blue should be activated.

BLS protocol needs special considerations in the obstet-
ric patient (Table 2). The time of cardiac arrest, must be 
documented. If spontaneous circulation is not restored after 

4 min, perimortem cesarean delivery should be performed 
[7].

Chest Compressions

The position of hands for chest compressions is similar in 
a pregnant and non-pregnant patient as no significant verti-
cal displacement of the heart was observed in MRI during 
the third trimester of pregnancy relative to a non-pregnant 
state [3, 14].

5–6 cm deep chest compressions on lower one-third of the 
sternum, rate of 100–120/min, and compression : ventila-
tion ratio of 30:2 is recommended. The patient should be on 
a hard surface (cardiac board). Chest compressions should 
never be interrupted for more than 10 seconds [7].

Manual Left Lateral Uterine Displacement

Inferior vena cava and aorta get compressed by gravid 
uterus in the supine position, particularly if uterine height 
is at or above the umbilicus (Fig. 1). Compression may be 
observed as early as 12 weeks. Left lateral Uterine Displace-
ment (LUD) should be implemented during CPR whenever 
compression is likely irrespective of gestational age [15].

Table 2   Summary of Cardiopulmonary Resuscitation profile in Non-pregnant and pregnant patient

ETT—Endotracheal Tube, LMA—Laryngeal Mask Airway, COP—Cardiac Output, UE—Upper Extremities, ECMO—Extracorporeal Mem-
brane Oxygenator, LA—Local Anesthetic, LUD—Left lateral Uterine Displacement, PMCD—Perimortem Cesarean Delivery

Sr. No Particulars Non-pregnant patient Pregnant patient

Persons affected one Mother and fetus
Chest compressions sites Lower one-third of the sternum Lower one-third of the sternum
Airway Nasopharyngeal, Oropharyngeal airway ETT, 

LMA
No nasopharyngeal airway. ETT 1 mm 

smaller in size, intubation may be difficult
Early intubation by expert beneficial

Breathing A single person can ventilate with a bag- mask. 
Hyperventilation avoided as it leads to low 
COP and reduces cerebral perfusion

May need two persons for two hands bag-
mask ventilation as airway resistance is 
more. A pregnant patient is more prone 
to hypoxia than non-pregnant patient. 
Oxygenation is more important than the risk of 
aspiration

Hyperventilation is avoided as it leads to low 
COP, reduces cerebral perfusion, and can 
produce fetal acidosis

Defibrillation 120–200 J Safe,120–200 J
I.V. access Preferably UE Above the level of the diaphragm is must (UE)
Drugs Adrenaline, Amiodarone Both the drugs  can be used safely

Calcium gluconate for Magnesium toxicity and 
Intralipid for local anesthetic toxicity

Special measures ECHO, USG, ECMO Useful to diagnose hypovolemia, embolism, 
pericardial effusion, cardiomyopathy, myo-
cardial infarction, etc

Same uses. ECMO is useful for Amniotic fluid 
embolism, LA toxicity, and potentially revers-
ible causes

LUD is recommended during CPR for relieving 
aortocaval compression. PMCD should be 
carried out if resuscitation is unsuccessful after 
4 min if uterine height is more than 20 weeks
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Manual LUD is optimally performed by a provider on the 
left side of the patient using two hands. The uterus is pulled 
leftward and upward toward the ceiling (Fig. 2). Vena caval 
compression may be worsened by inadvertently applied 
downward force. If it is not possible to perform manual LUD 
from the left side, it may be applied from the right side of the 
patient by pushing away the uterus with one hand, although 
providing adequate shift using this approach may be techni-
cally more difficult (Fig. 3) [13]. A 1.5–2 inches shift helps 
to optimize venous return and stroke volume during CPR 
[1].

A wooden wedge or firm towel roll can be used for LUD 
(Fig. 4). Access for effective chest compressions, defibril-
lation, and intubation is easy when manual LUD is adopted 
as the upper torso remains in the supine position. 15–30 
degrees pelvic tilt used for LUD may hamper effective chest 
compressions [15]. LUD will not be sustained when soft 
folded pillows are used.

Airway Management

The airway should be opened using head tilt and chin lift 
maneuver unless a cervical injury is likely. The oropharyn-
geal airway can be used. The use of the nasopharyngeal 
airway should be avoided as nasal mucosa is congested dur-
ing pregnancy. Early tracheal intubation protects the airway 
from aspiration and makes ventilation easy.

Breathing

A pregnant mother is vulnerable to the development of 
hypoxia due to decreased functional residual capacity, 

Fig. 1   Aortocaval compression due to gravid uterus in supine posi-
tion. IVC—Inferior Venacava, G—Gravid Uterus, AO—Aorta

Fig. 2   Left lateral uterine displacement performed by a provider on 
the left side of the patient

Fig. 3   Left lateral uterine displacement performed by a provider on 
the right side of the patient

Fig. 4   Left lateral uterine displacement using firm wedge placed 
below the right lumbar region
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increased oxygen consumption, and intrapulmonary shunt-
ing [1].

Although the mother is at risk of aspiration, oxygena-
tion and ventilation are the priority and the first responder, 
who may not be able to intubate, should initiate bag-mask 
ventilation [15].

Lower tidal volumes are needed due to elevated dia-
phragm. Two-handed bag-mask ventilation with reservoir 
bag and > 15 L/min oxygen supplementation should be used 
as airway resistance is increased [1]. Suction should be kept 
ready.

Ventilation at a rate of 8–10 breaths/min can prevent iat-
rogenic respiratory alkalosis. Large tidal volumes decrease 
cardiac output leading to fetal acidosis [1].

Defibrillation

The defibrillator should be used as soon as available. The 
energy required [120–200 J for biphasic shock] for defibrilla-
tion is similar in pregnant and non-pregnant patients [3]. DC 
shock has no adverse effect on the fetus. Before delivering a 
shock, the fetal monitor should be removed to prevent elec-
trocution, although the risk is theoretical [15]. An automated 
external defibrillator (AED) can also be used.

(B)	 Advanced Cardiac life support [ACLS]

Advanced airway devices, intravenous fluids, medica-
tions, and monitors (Cardiac monitor, Capnography, USG, 
ECHO) are used during ACLS.

Chest Compressions, Airway, and Breathing

Chest compressions should be performed continuously and 
ventilation is provided at a rate of 10 breaths /min. using 
100% oxygen, after intubation.

The size of an endotracheal tube in a pregnant mother 
should be 0.5 to 1.0 mm less as compared to a non-pregnant 
woman. The patient should be intubated after ventilation 
with 100% oxygen. Proper placement of the endotracheal 
tube is to be confirmed by using Capnography. With effec-
tive chest compressions, Capnography readings will be more 
than 10 mm Hg. The use of cricoid pressure during intuba-
tion is controversial [1]. Expert help for intubation or laryn-
geal mask airway may be required.

Intravenous Access

Intravenous access should be established with two 14–16 
gauge catheters above the level of the diaphragm (upper 

extremity), considering vena cava compression due to the 
gravid uterus.

Intraosseous access can also be used. If both these routes 
are not available, a double dose of the drug (Epinephrine, 
Lignocaine, Naloxone) diluted in 10 ml normal saline can 
be administered via endotracheal tube. Drugs like calcium 
gluconate, sodabicarb should not be administered through 
an endotracheal tube [7].

Drugs Used During CPR of Obstetric Patient

Similar dosages of all drugs are used in pregnant and non-
pregnant patients [3].

If cardiac arrest is due to magnesium toxicity, calcium 
gluconate [30 ml, 10%] should be used in addition to other 
drugs.

Early administration of a 20% lipid emulsion [Intralipid] 
is life-saving during resuscitation of local anesthetic toxicity. 
It traps the local anesthetic and increases cardiac output. A 
bolus of 1.5 ml/kg intralipid is administered over one min-
ute, followed by 0.25 ml/kg/min infusion for at least 10 min 
after circulatory stability. Amiodarone can be used if there 
is ventricular fibrillation due to Bupivacaine toxicity [16].

The Five‑minutes Rule for Perimortem Cesarean 
Delivery (PMCD)

At times, routine resuscitation efforts may not be effective. 
Irreversible brain damage can occur after four minutes of 
anoxia in non-pregnant patients [1]. Standard guidelines [11, 
13, 14] recommend perimortem cesarean delivery [PMCD] 
if spontaneous circulation is not restored after four minutes, 
in mothers with a gestational period of more than 20 weeks. 
It is also referred to as 'resuscitative hysterotomy' [17]. At 
a gestational period of more than 24–25 weeks, emergency 
hysterotomy can save the life of both the mother and fetus.

Factors like the cause of cardiac arrest, maternal pathol-
ogy, cardiac function, gestational age of the fetus, and 
resources available should be taken into consideration while 
deciding PMCD [3]. A review of 94 cases reported that 
30.7% of women were benefited, and there was no report of 
detrimental impact from PMCD [18].

To achieve delivery within 5 min, PMCD needs to be 
conducted at the site, which may not be the operation theater 
[15]. Shorter time intervals from arrest to delivery appear 
to improve maternal and neonatal outcomes. A successful 
outcome is reported at 30 min of PMCD [3]. Only PMCD 
within 10 min for in-hospital arrest was predictive of mater-
nal and neonatal survival [1].
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The decision to perform PMCD will be the obstetrician's 
responsibility. Chest compressions and LUD are to be con-
tinued during PMCD.

Emergency Cesarean Delivery Kit and Procedure

Kit includes preloaded scalpel with 10 number blade, 
sutures, needle holders, towel clips, retractors, forceps, 
scissors, suction tube, sponges, Kelly clamps, uterine pack, 
and equipment for neonatal resuscitation [1]. Antiseptic is 
poured over the abdomen during early resuscitation to pre-
pare for PMCD by one provider.

There are no published reports of physician liability for 
performing PMCD without consent following maternal car-
diac arrest in USA [1].

Adequate uterine exposure and access to transabdominal 
cardiac massage can be achieved by taking a vertical skin 
incision. After the baby and placenta are delivered, the uter-
ine incision is closed with absorbable suture using running 
locking stitches, at the site or in operation theater depending 
on the patient's condition [19]. Bleeding may be a problem 
after hemodynamic stability is restored.

Assisted Instrumental Vaginal Delivery

This is advocated when vaginal delivery is imminent and can 
be achieved within five minutes following arrest [1].

Use of Oxytocin

After successful resuscitation, intravenous infusion of Oxy-
tocin (20miliunits/minute) or 10 units dose in myometrium 
is administered to avoid cardiovascular collapse [1].

Broad-spectrum antibiotics should be administered after 
delivery.

Treatment of Cause of Arrest

Hypovolemia, hypoxia, acidosis, electrolyte imbalance, ten-
sion pneumothorax, trauma, embolism, anaphylaxis, poison-
ing, etc., should be treated simultaneously.

Direct Cardiac Massage: Open chest or transabdominal 
cardiac massage, when the abdomen is already open, can be 
implemented 15 min after unsuccessful closed chest com-
pressions to achieve higher cerebral and coronary flow [1].

Tools Useful During Resuscitation

Cardiopulmonary Limited Ultrasound Examination 
(CLUE) and Trans-Esophageal Echocardiography [TEE] 
are quick, portable, and reliable means of identifying hypo-
volemia, pulmonary embolism, unrecognized heart disease, 

pericardial effusion, myocardial infarction, and cardiomyo-
pathy [20].

Extracorporeal Cardiopulmonary Resuscitation 
(ECPR)

ECPR is recommended in patients developing refractory 
arrest with reversible causes like local anesthetic toxicity, 
amniotic fluid embolism, cardiogenic shock, etc [6]. In 
ECPR, a portable extracorporeal membrane oxygenator is 
used to maintain end-organ perfusion for improving long-
term survival and neurological outcomes. Hysterectomy may 
be needed to control massive bleeding as anticoagulants are 
used during ECPR.

Data from ECPR use in parturient showed approximately 
80% maternal survival and 65–70% fetal survival [21].

Treatment of Special Problems Leading 
to Cardiac Arrest

Myocardial Infarction

Increasing maternal age, hypertension, obesity, and smoking 
may predispose mothers to coronary insufficiency. Percuta-
neous coronary intervention is preferred over fibrinolytic for 
ST-segment elevation myocardial infarction [1].

Massive Thromboembolism

Systemic thrombolysis can be used as a life-saving measure 
for massive pulmonary embolism and ischemic stroke [22]. 
Close watch on postpartum hemorrhage is essential.

Post‑Arrest Care

After the restoration of spontaneous circulation 
SpO2 (92%–98%), partial pressure of carbon dioxide 
(PaCO2:35–45 mm hg), systolic blood pressure (> 90 mm), 
and blood sugar (150–180 mg %) should be maintained 
[3]. If the mother remains unconscious, Targeted Tempera-
ture Management (TTM) for therapeutic hypothermia (34 
degrees Celsius) can be considered [23].

Continuous fetal monitoring is required during TTM if 
PMCD is not already performed. Impairment of coagulation 
during the postpartum period should be kept in mind if TTM 
is considered after PMCD.

Assessment of Fetus and Newborn

Resuscitation of the mother is the priority because it may 
lead to increased survival of both, the mother and fetus. Fetal 
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monitoring does not achieve this goal and may distract from 
maternal resuscitation efforts, like defibrillation and PMCD 
[3]. The newborn will be taken care of by the neonatal resus-
citation team after PMCD.

CPR algorithm for in-hospital pregnant patients is as 
shown in Fig. 5. It need not be followed vertically if a team 
is available at the site. Chest compressions, LUD, and ven-
tilation can be initiated simultaneously (Fig. 5).

Fig. 5   In-hospital algorithm for cardiac arrest in pregnancy
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At present, a knowledge gap exists in certain aspects 
of maternal resuscitation. Research related to measures to 
relieve aortocaval compression effectively during resuscita-
tion needs special attention [24]. Optimal timing of PMCD 
within five minutes to optimize fetomaternal outcomes may 
be difficult to achieve [15]. The time required may vary 
based on the provider's skill, available resources as well as 
patient-related problems. Apart from hemorrhage, eclamp-
sia, and sepsis, the increasing number of mothers with con-
genital heart disease and increasing maternal age are addi-
tional challenges.

TTM, TEE, and ECMO are newer modalities added to 
resuscitation armamentarium. Health care professionals 
should be made aware of the fact that resuscitation in obstet-
ric patients’ needs special considerations (Table 2).

National databases are essential for the prevention of 
maternal cardiac arrest, understanding resuscitation science, 
and outcomes [22]. Institutional delivery of high-risk moth-
ers, use of protocols for obstetric emergencies especially 
eclampsia and massive blood transfusion, EWS, provision 
for PMCD in the ward and emergency medical services, 
repeated training of team members, and mock drills on simu-
lation are essential to improve fetomaternal outcomes [25].
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