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Abstract:

Rationale: Perimortem caesarean section (PMCS) is an emergency procedure performed in pregnant women over 20 weeks of
gestation with cardiac arrest, in order to save the mother and the foetus, or only one of them.

The objective of the review was to present clinical traits and evaluate survival of mothers and newborns as well as the
complications following PMCS.

Materials and methods: A systematic review between March and May 2021 was performed using the PRISMA method with the
terms "perimortem caesarean section" "postmortem caesarean section", "maternal cardiac arrest", "perimortem caesarean
section "AND "case report" "postmortem caesarean section" AND "case report".

Results: 23 papers from 12 countries with 39 cases were counted. Of the total sample, 17.94% of the mothers survived and of
these, 42.85% had neurological complications. Of 39 newborns counted, 69.23% survived, 28.20% died and in 2.56% the
information was missing. 30.76% of the cases followed the five-minute rule and 56.41% required 6 or more minutes, 12.82% did
not specify time.

Conclusion: The results of this analysis demonstrated higher mortality in women who had a cardiac arrest during pregnancy
related to the neonates who survived. The possibility of performing PMCS should neither be ruled out even if the established

five-minute time frame has passed, nor should time be invested in verifying foetal viability.
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Introduction

Pregnancy modifies multi-organ physiological and
anatomical aspects in women, the presence of cardiac arrest
is more likely to have catastrophic effects compared to non-
pregnant women [1]. Among the main changes that have a
direct impact and should be considered when performing
quality cardiopulmonary resuscitation, especially after 20
weeks of gestation (WG), are circulatory, pulmonary,
digestive, and respiratory changes [2, 3].

In the case of a possible cardiac arrest, probably the most
important physiological modification is the inferior vena cava
occlusion by the pregnant uterus when the pregnant woman
is in the supine position, mainly after the 20th week of
gestation; although there is evidence that after the 12th week
there is some blood flow restriction of the inferior vena cava
and the aorta at the infrarenal level [4, 5]. Factors that may
affect the weight of the uterus include a macrosomic foetus,
number of foetuses, polyhydramnios, the relationship of the
foetus to the anatomic composition of the mother, and
additional variables such as excess body mass and morbid
obesity [6].

All the changes previously mentioned, explain the rapid
onset of cardiorespiratory arrest in a hypoxic pregnant

woman and why a perimortem caesarean section (PMCS) has
a specific role. A PMCS is defined as an emergency surgical
procedure during cardiopulmonary resuscitation (CPR) in
obstetrical patients at 20 WG or more. When this technique
is performed, it helps improving the venous return [7],
increasing the cardiac output by 25 to 56%, simulating a
transfusion [2, 8].

The cardiac arrest incidence during pregnancy is
infrequent, and varies according to the country in question,
with 1 case per 12 500 pregnancies being recorded in USA
between 1998 to 2011 [9] and 1 case per 30 000 in the United
Kingdom [10]. However, a recent report on maternal cardiac
arrest in the latter reported an increase in incidence over a
10-year span, whereas another survey reported a maternal
mortality increment in the USA between 2000 and 2014 [11].

The causes of cardiac arrest directly related to pregnancy
include hypertensive disorders (preeclampsia, eclampsia,
HELLP syndrome [Hemolysis, Elevated Liver enzyme level,
Low Platelet level]), obstetric or surgical hemorrhage,
infection or sepsis, embolism (amniotic fluid embolism, air
embolism, pulmonary embolism), anesthetic or drug-induced
causes [12]. Other causes may include trauma, caused by
accidents or injury from any type of weapon, in addition to
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preexisting medical conditions such as arrhythmias,
atherosclerosis, valvular disease, and vascular ischemia [13].
Whatever the cause, a rapid and right response is essential to
optimize the maternal and foetal survival probability [9, 10].

The process of recognizing PMCS as an emergency
measure to be performed within minutes of cardiac arrest has
evolved over time. There is evidence that this surgery has
been performed in cultures dating back to ancient times with
the aim of delivering a living being through the deceased
mother, hence it was first given the name “postmortem
cesarean section” [14].

Moreover, in the thirteenth and fourteenth centuries
there are evidence of legal mandates where all deceased
pregnant women had to undergo a postmortem caesarean
section in order to baptize and bury the babies that also died;
a fatal outcome that was much more frequent than finding
newborns under such circumstances [15]. The procedures
performed in the 19th and 20th centuries focused on the
possibility of foetal survival, particularly in cases where there
was sudden cardiac maternal death in which the time
between cardiac arrest and caesarean section was critical to
this goal [16].

Given the low incidence or underestimated frequency of
this phenomenon, it was not until 2010 that the AHA
included the algorithm for basic and advanced resuscitation
for pregnant patients [1, 17]. As a historical fact, on January
26th, 1776, the first postmortem caesarean section performed
in Mexico, was during the Santa Clara California mission,
carried out by Fray Joseph Viader and Fray Joseph Vifas; it
was published in the National Gazette on May 29th of the
same year [18].

The purpose of the review was to present clinical traits
and evaluate survival of mothers and newborns as well as the
complications following PMCS.

Materials and Methods

A systematic review was performed in PubMed, Google
Scholar and Researchgate databases using the PRISMA
method between March and May 2021 using the terms
"perimortem caesarean section" "postmortem caesarean
section", "maternal cardiac arrest”, "perimortem caesarean
section "AND "case report" "postmortem caesarean section"
AND "case report” including their Spanish translation. The
exclusion criteria were duplicate articles, review articles
without clinical cases, cohort articles, systematic reviews,
opinions and management guides in other living beings.

A table was prepared in which the results, complications
and observations that arose during each case were reported,
evaluating the following variables: year of the article, country,
number of cases, characteristics of the pregnant woman,
cause of the cardiac arrest, time of caesarean section since the
cardiac arrest, survival of the mother and the newborn, as
well as whether the latter required cardiopulmonary
resuscitation and whether there were neurological
complications in the binomial.

Results

Case reports were identified in which PMCS and
postmortem caesarean section were of great importance for
the cardiac arrest resolution. A total of 341 articles
mentioning the keywords were found among the three
databases chosen. After using the exclusion criteria 23 papers
were included in the analysis (Figure 1), the oldest being

from 1948 and the most recent from 2020. Thirty-nine cases
were counted where 13 were for PMCS and 26 were
descriptions of postmortem caesarean section. Of the 28
articles found, 32.14% were written in the United States
(n=9), 10.7% were in Colombia (n=3), as well as in the United
Kingdom (n=3) and Turkey (n=3), 7.14% in Mexico (n=2)
and China (n=2) and 3.5% in Scotland (n=1), Lebanon (n=1),
New Zealand (n=1), Japan (n=1), Spain (n=1) and Norway
(n=1).

The average age was 29.87 years with the youngest being
16 years and the oldest 43 years. Of the total number of
women, 13 were primigravid, 24 were multigestational and 2
were unspecified. The average number of weeks of gestation
was 32.1, with 26 preterm, 10 at term and 3 unspecified
(preterm being considered all those born at 37 WG or less).

The most frequent causes of cardiac arrest obtained were
heart disease associated or not with pregnancy, embolism,
eclampsia, car accidents and gunshot wounds, which
represent 51.28% of our population, with four cases for each
cause, respectively. The remaining 43.58% included varied
causes such as anesthetic complications (n=2),
neurofibrosarcoma (n=1), aneurysms (n=2), cerebral
hemorrhage (n=3), sarcomatosis (n=2), respiratory
complications (n=2), preeclampsia (n=3), idiopathic
thrombocytopenic purpura (n=1) and 1 case of massive
hemorrhage due to puerperal complications. Of the total
sample 5.12% were unspecified causes (n=2).

Regarding the time interval between cardiac arrest and
PMCS, it was found that 12 cases (30.76%) followed the 5-
minute rule and 22 (56.41%) required 6 or more minutes to
perform the procedure. There were five cases that did not
specify time, representing 12.82%. Of the total sample, only 77
(17.94%) of the mothers survived and of these, 3 of the
survivors (42.85%) had neurological complications.

Records retrieved through
database search PubMed, Google
Academic y Researchgate
(341)

|

Remaining records after
duplicates removed
(228) Excluded (137)
Duplicate articles, articles that were not open access,
| review articles that did not have clinical cases, cohort
! articles,  systematic  reviews, opinions  and
management guidelines in other living organisms.

Identification

Screening

Remaining records after
screening
(91)
Excluded (66)

| Articles dealing with surgical technique.

‘ Articles that contained more than 6 clinical cases and
did not have variables that were analyzed.
Articles without the full text.
Case report articles on simulators.

Remaining records after
full text articles assessed
(25)

Eligibiliey

| Excluded (2)
-Katz, V., K. Balderston, and M. DeFreest, Perimortem
cesarean de[IVETyA ‘were our assumptions correct? Am
Studies included in analysis ) Obstet Gynecol, 2005, 192(6): p. 1916-20;
(23) discussion 1920-1
Beckett, V.A, M. Knight, and P. Sharpe, The CAPS
Study: incidence, management and outcomes of
cardiac arrest in pregnancy in the UK: a prospective,
descriptive study. BJOG, 2017. 124(9). p. 1374-1381,

Included

Figure 1. Research article identification and selection based
on PRISMA method

The data on survival of 39 pregnant women and their
foetuses are summarized in Table 1. Only 17.94% (7 cases) of
the mothers survived. Of 39 newborns counted, 27 survived
(69.23%), 11 died (28.20%) and 1 was unspecified (2.56%). Of
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the 69.23% of survivors, 20 cases (74.07%) did not develop
neurological complications while 7 neonates did (25.92%),
including mental retardation (n=2), spastic quadriplegia
(n=1), hydrocephalus (n=1), facial paralysis (n=1), cerebral
palsy (n=1), and 1 unspecified case. In addition, of the 27
surviving neonates, 23 did not specify whether neonatal
resuscitation maneuvers were used (58.97%), 15 did require
those (38.46%) and 1 did not (2.56%).

Finally, of 11 stillbirths, at least 10 were born alive but
died of unspecified causes (n=6), bronchopneumonia (n=1),
respiratory distress syndrome (n=1), congenital intestinal
obstruction (n=1), and multiple organ failure (n=1). The
remaining case was an obituary.

Discussion

The decision to practice a PMCS should be based on two
premises: the first is time, where theoretically the limit to
avoid maternal-fetal neurological complications is 5 minutes
[19], however, in practice it was reported that at least 22
cases had a time interval of more than 6 minutes, which can
be explained by factors such as the transfer of the pregnant
woman to the hospital, medico-legal implications, resistance
to performing the procedure in a non-sterile area, waiting for
the arrival of the specialist and resuscitation skills.

The second premise is that it should be done when the
foetus is viable, that is between 20-24 WG. According to
Zepeda et al. if the gestational age is less than 20 WG a PMCS
is unlikely to improve the situation, if the gestational age is
between 20-23 WG it may improve maternal survival,
although fetal survival is very unlikely, and if the gestational
age is greater than 24 WG the PMCS may improve maternal
and neonatal survival [20, 21].

Table 1. Survival of mother and newborn in 39 cases of
perimortem and postmortem caesarean section

Country Cases  Mother survival Newborn survival
(%) (%)
United States 15 No: 32 (82.05%) No: 11 (28.21%)
[23,24,25,26,27] 8 Yes: 7 (17.95%) Yes: 27 (69.23%)
Colombia [2,28,29] 4 No reported: 1
Turkey [30,31,32] 2 (2.56%)
United Kingdom [33,34] 2
Mexico [18,35] 1
Scotland [36] 1
Lebanon [37] 1
New Zealand [38] 1
Japan [39] 1
Spain [40] 1
Norway [41] 1
China [42] 1

Taiwan/China [43]

In 1985 Katz et al. analyzed cases of postmortem
caesarean section and found that 93% of live births were
obtained with the procedure performed in the first 15
minutes and of these, 70% were born in the first 5 minutes
[16]. Based on these observations, and the fact that the
shorter the time interval between the presence of cardiac
arrest and the caesarean section, there is less likelihood of
developing fatal neurological consequences for both the
mother and the foetus, leading to the coining of the term
PMCS in 1986 [14, 16, 22].

It should be remembered that the primary reason for
performing PMCS is maternal survival [2, 22] yet the results
of this analysis demonstrated higher mortality in women who
had a cardiac arrest during pregnancy related to the neonates
who survived.

In terms of neonatal survival, the results fluctuate with
the different types of studies found for this paper. Despite the
results found by Katz et al. in 1985 in the case series analyzed,
at least 27 of 39 neonates survived, 20 of whom had no
neurological complications [16]. It should be noted that some
of them were born after the regulatory 5 minutes to perform
the PMCS. Therefore, the possibility of performing this
procedure should not be ruled out even if the established
time has passed, nor should time be invested in verifying
foetal viability, as it is very likely that there is extreme
bradycardia, which can be mistaken for absence of foetal
heart rate [21, 22] and still have successful results.

On the other hand, the usefulness and potential benefit
for maternal circulation of PMCS has been clear since 1982
when De Pece et al. reviewed the case of a 277-year-old woman
with 36 WG who had a cardiac arrest, after removal of the
foetus the mother recovered femoral and carotid pulses [23].
Also, in 1986, Katz et al. described 60% improvement in
maternal cardiac output after PMCS, while in 2012 they
reported a maternal survival of 61-80% [16]. On the other
hand, a United Kingdom study was able to reach a maternal
survival of 58% if adherence to resuscitation guidelines is met
[10]. Contrastingly, of the total sample analyzed in this study,
only 17.94% (7 cases) of the mothers survived.

In special cases, where due to maternal pathology the
survival possibility is nullified, PMCS may be performed to
save the life of the foetus, taking into consideration the
gestational age. The ethical aspect of this decision is
extremely important, especially in cases where a brain-dead
pregnant mother is confirmed, although if foetal viability
allows and conditions are adequate, PMCS should be
considered even without the need for informed consent from
the family [10].

During the course of this work there was a marked
limitation in the reported information on PMCS. It was not
found significant enough sample to describe a correlation
between maternal comorbidities and their possible alteration
with birth weight. Likewise, certain data on the surviving
newborn are not known since they were not reported in the
case studies, which is worrying given that they are significant
data to generate a relevant and transcendent result in the
field of obstetrics and paediatrics. Since 2009 the “Moénica
Pretelini Sienz" Perinatal Maternal Hospital (HMPMPS)
located in Toluca, State of Mexico with 12 years of operation
and 102,000 births, 3 PMCS were registered, which indicates
a ratio of 1 case per 34 000.

The results found that despite a cardiac event is lethal in
most of the mothers, PMCS is an option to try to save the life
of the neonate. Due to the rarity of this phenomenon and the
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ethical implications, there is no international guideline to be
followed. However, this does not exempt physicians involved
in the care of women, students, interns and residents from
being prepared for such an emergency. Therefore, good
simulator-based training is needed to get technical and non-
technical competencies to improve the outcome of this
situation.

Conclusion

The results of this analysis demonstrated higher mortality
in women who had a cardiac arrest during pregnancy related
to the neonates who survived. The possibility of performing
PMCS should neither be ruled out even if the established five-
minute time frame has passed, nor should time be invested in
verifying foetal viability.
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