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Abstract
The optimal treatment of a severe hemodynamic instability 

from shock to cardiac arrest in late term pregnant women is subject 
to ongoing studies. However, there is an increasing evidence that 
early separation between the mother and the foetus may increase the 
restoration of the hemodynamic status and, in the cardiac arrest set-
ting, it may raise the likelihood of a return of spontaneous circulation 
(ROSC) in the mother. This treatment, called Perimortem Cesarean 
Section (PMCS), is now termed as Resuscitative Hysterotomy (RH) 
to better address the issue of an early Cesarean section (C-section). 
This strategy is in contrast with the traditional treatment of cardiac 
arrest characterized by the maintenance of cardiopulmonary resusci-
tation (CPR) maneuvers without any emergent surgical intervention. 
We report the case of a prehospital perimortem delivery by Caesar-
ean (C) section of a foetus at 36 weeks of gestation after the mother’s 
traumatic cardiac arrest. Despite the negative outcome of the mother, 
the choice of performing a RH seems to represent up to date the most 
appropriate intervention to improve the outcome in both mother and 
foetus.
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Introduction 
Traumatic cardiac arrest is a life threatening situation with a neg-

ligible survival rate [1–3]. A traumatic cardiac arrest in pregnant wom-
en is even more challenging condition due to physiological changes 
which may further limit the generation of an adequate cardiac output 
(CO). During manual chest compressions cardiac output achieves ap-
proximately 30% of the normal CO. In a late term pregnant woman 
this is further compromised because the aorto-caval compression by 
the gravidic uterus hampers the venous return and the CO generated 
by precordial compression is no greater than 10% [4–6].

CPR is often performed only via the standard maneuvers char-
acterized by assisted ventilation and chest compression in left lateral 
tilt with the aid of a wedge (Cardiff wedge) or via a manual uterus 
displacement aimed to facilitate the venous return. The evidence of a 
temporal relationship between emptying the uterus in order to reduce 
the aorto-caval compression and the increase in CPR effectiveness has 
suggested that an early C-section may be the most appropriate inter-
vention to improve the outcome in both mother and foetus. Katz and 
other authors recently pointed out the potential effectiveness of such 
emergent surgical intervention, although they also emphasized that 
there is still a cultural and psychological gap in managing correctly 
these situations [5,6]. Lack of knowledge, skills and refusal of an ag-
gressive and highly invasive treatment have been recognized as the 
main determinant of failed emergent C-section [5–9].

The more recent American Heart Association (AHA) and Eu-
ropean Resuscitation Council (ERC) Guidelines on CPR provided 
recommendations on resuscitation in special circumstances such as 
traumatic cardiac arrest and pregnancy. These recommendations, 
however, are mainly based on reviews, anecdotal reports, and in vit-
rostudies [4,7].

According to the suggested strategy, we wish to report on a case 
of a traumatic cardiac arrest in which an emergent delivery was per-
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formed on the site of a car crash by the emergency physician while 
CPR was still ongoing.

Case Presentation 
The 1-1-8 Emergency Medical Service (EMS) Operative Centre 

(O.C.) was activated on August 17, 2010, following a traffic accident 
involving two cars in a high-energy, head-on collision. The O.C. re-
ferred seven people involved, two of whom were apparently uncon-
scious and trapped in their car.

EMS dispatched three ambulances with certified basic life sup-
port and defibrillation (BLSD) rescuers and one advanced life support 
(ALS) team. This is constituted by a physician, mainly an anaesthesi-
ologist, by a registered nurse certified in out-of-hospital intervention, 
and by a car driver certified in BLSD maneuvers.

The first ambulance team confirmed cardiac arrest in a woman 
who was at the 36th gestational week and begun immediately CPR 
maneuvers. The ALS team arrived soon after and begun standard ad-
vanced resuscitation. The rhythm monitoring confirmed a pulseless 
electrical activity (PEA) with a heart rate (HR) of 30 beats per min-
ute (bpm). Three milligrams (mg) atropine and eight mg epinephrine 
were administered intravenously. Oral tracheal intubation was suc-
cessfully performed at the first attempt despite the presence of blood 
into the pharynx and the patient was manually ventilated at 1.0 in-
spired oxygen fraction (FiO2).

The clinical examination highlighted head trauma, a facial cya-
nosis, thoracic trauma with reduced left expansion in the setting of a 
global severe chest trauma, and an abdominal seat-belt hematoma. 
According to the clinical findings it was hypothesized that head and/
or thoracic trauma could have been the most reliable causes of cardiac 
arrest. This led the physician to introduce a chest needle for an initial 
treatment of a potential hypertensive pneumothorax, but the maneu-
ver was uneventful.
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The suspect of an abdominal massive hemorrhage led also to the 
infusion of a volume of about two liters of crystalloids through a left 
subclavian cannulation. Unfortunately, the lack of ultrasound did not 
allow the possible recognition of such life threatening condition.

End-tidal CO2 monitoring was not performed because of the 
lack of the device.

Twelve minutes after cardiac arrest, the EMS physician decided 
to carry the patient on the spinal board into the ambulance and to 
proceed with a Perimortem Caesarean Section (PMCS), in agreement 
with the 1-1-8 O.C. physician and the gynaecologist on duty.

After a quick disinfection, a deep umbilical-pubic laparotomy 
was performed. There were no signs of bleeding. The uterus was ges-
tational and cut with a lengthwise incision. The head of the foetus was 
free from the umbilical cord. There was no evidence of meconium.

A female foetus was extracted 3 minutes after onset of the proce-
dure. At the first minute the Apgar score was 3 (the HR was 60 beats 
per minute, the breathing activity was absent, the muscular tone was 
flaccid, the corneal reflexes were absent, there was no grimace, and 
the skin was pink-coloured).

Newborn life support, consisting of airways aspiration and oro-
tracheal intubation with uncuffed tube was performed. The baby was 
wiped, dried, and warmed up. An intraosseous needle was placed be-
cause of lack of vein cannulation.

The Apgar score at the 5th minute was 6, the HR was higher than 
100 bpm, and the skin was pink-coloured; the reflexes were absent, 
there was no grimace, and there was spontaneous but irregular res-
piratory drive.

Maternal life support was continued by the nurse. After PMCS 
the hemodynamic condition did not change. Nevertheless, both 
mother and baby were carried to the hospital. The mother was de-
clared deceased soon after arrival at the emergency department (ED) 
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whereas the newborn was handed over by the neonatologist and ad-
mitted to the neonatal intensive care unit (NICU).

Subsequent anatomical findings revealed that the mother de-
ceased because of amniotic pulmonary embolism associated with ad-
ditional minor traumatic injuries. No major bleeding was identified.

At a distance of four years from the event the baby had a neuro-
logical development slightly reduced with a slower language acquisi-
tion and a normal physical growth.

Discussion 
Historically a postmortem foetus extraction was described as 

early as 715 before Christ when the Roman King Numa Pompilius de-
creed that no child should be buried within his mother (for religious 
reasons) since some foetus was found still alive [5].

One of the first positive case report of PMCS was described by 
De Pace and coworkers in 1982 where a woman developed cardiac 
arrest (CA) during fiberoscopy. After 20 minutes of CPR, PMCS was 
performed and ROSC was soon achieved in the mother while the 
baby recovered uneventfully. Both had a full long term neurological 
survival [10].

The true incidence of cardiac arrest during pregnancy has been 
estimated to be about 1 over 30,000 pregnancies [11].

Despite the direct deaths in the UK account for less than 50% of 
the total maternal deaths, there are indirect deaths related to psychiat-
ric disease which lead to attempted suicides during pregnancy. These 
deaths account for 20% of worldwide maternal deaths [12].

Although resuscitation algorithms during cardiac arrest are the 
same for pregnant patients as for non-pregnant patients, the anatomi-
cal and physiological modifications of the late term pregnant woman 
impose more aggressive interventions such as advanced airway man-
agement and the attention to left lateral tilt or lateral displacement of 
the uterus. The ALS guidelines point out the possible use of a PMCS 
as soon as a pregnant woman develops cardiac arrest [4,7].
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The striking decision to intervene with a PMCS relied on the 
four gold points: the stay and play strategy, the Katz’s paradox, the 
four-minute rule, and the surgical techniques.

According to the stay and play strategy our decision was chosen 
by judging the difficulty to maintain adequate coronary and cerebral 
perfusion via manual chest compressions due to the lack of both a 
mechanical chest compressor and a Cardiff wedge [5,13,14]. We es-
timated that transportation would have dramatically worsened the 
overall hemodynamic conditions due to the poor perfusion generated 
by our chest compressions. Yet, the lack of the end-tidal CO2 monitor-
ing impeded us to adequately detect the effectiveness of cardiac com-
pressions. The further reduction of the already low cardiac output by 
the aorto-caval compression induced us to empty the uterus accord-
ing to the Katz’s principle. Accordingly, the uterus should be emptied 
and the baby delivered to achieve an improved hemodynamic status 
during both non-cardiac and cardiac arrest condition even when the 
foetus is dead in the attempt to save at least the mother [5]. This con-
cept was based on previous physiopathological evidence by Kerr as far 
as in 1965 when the effects of vena cava compression and the reduc-
tion of venous return by the gravidic uterus were demonstrated [15].

As per the four-minute rule, emergency Cesarean section should 
be performed when the gravidic uterus is considered to be the cause 
of maternal hemodynamic impairment due to aorto-caval compres-
sion regardless of fetal viability [13,15–19]. The emergency hysterot-
omy is recommended to be initiated within four minutes of maternal 
cardiopulmonary arrest if ALS maneuvers are unsuccessful, although 
this is a class IIb intervention with a level of evidence (LOE) C [4]. 
According to Bloomer, the term resuscitative hysterotomy should be 
preferred instead of Perimortem Cesarean Section as it better repre-
sents a way to reverse cardiac arrest rather than simply being a last 
chance of resuscitative efforts [20,21].
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The issue on the best timing within which the procedure should 
be performed is still debated. Indeed, it is widely recognized that 
emergency hysterotomy should be performed as early as possible 
preferentially after two cycles of CPR (after four minutes after cardiac 
arrest), without wasting time to perform ultrasonography or Doppler 
foetal heart sound examination [4,22,23].

The surgical technique may represent another option to speed up 
an emergency C-section. Under these conditions the preferred surgi-
cal laparotomy consists of a vertical umbilical-pubic incision which 
differs from the classical Pfannenstiel incision used in the in-hospital 
setting [5,24]. Our surgical procedure was kept as simple as possible, 
considering the limited expertise of the emergency physician. In fact, 
although the experts suggest that the placenta should be removed 
from the uterus as well, we just left it in situ and packed the opened 
abdomen. Indeed Draycott and the TOSTI study demonstrated that 
introduction of obstetric emergencies training courses was associated 
with a significant increase of team work and reduction in low 5-min-
ute Apgar scores and hypoxic-ischemic encephalopathy [6,25].

In our case this intervention did not have positive effects on the 
mother but rather on the baby. The subsequent autopsy showed post-
traumatic amniotic fluid embolism (AFE) [26] as the main cause of 
the death rather than massive abdominal hemorrhage. The decelera-
tion of the mother’s body inside the vehicle during the impact could 
be involved in the mechanism of injury, as demonstrated by Crosby 
and coworkers as far as 1968 [27]. The AFE was the likely reason why 
ROSC could not be achieved even though the C-section was per-
formed on the scene within 20 minutes without maternal ALS inter-
ruption. This time frame was not a limitation since a complete neuro-
logical recovery after 30 minutes of CPR was documented in women 
who experienced cardiac arrest due to traumatic events [28].

Despite the positive outcome we recognized that this case has 
some limitations: lack of adequate ETCO2 monitoring and ultrasound, 



10 www.avidscience.com

Top 5 Contributions in Critical Care & Emergency Medicine

absence of circulatory supporting devices, and limited experience. 
Nevertheless our report represents an unusual case of emergency de-
livery performed in a mother victim of traumatic cardiac arrest in 
which the C-section led to a full neurological recovery of the baby at 
a distance of four years from the event.

By confirming the fortuity of our result, we wish to point out 
that the key to salvage a pregnant woman in cardiac arrest is to sepa-
rate the maternal-foetal unit according to the Katz’s principle and to 
emphasize what the AHA guidelines report: This strategy seems to 
be the best way to manage the serious impairment in pregnancy (>24 
weeks). The hysterotomy also allows access to the infant so the new-
born resuscitation can begin [4,7].
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