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Epidemiologic trends internationally 1
Maternal and perinatal morbidity and mortality

ANA PILAR BETRAN and MARIO MERIALDI

INTRODUCTION

A cesarean delivery can be a life-saving surgical procedure
for both mother and baby when complications arise dur-
ing pregnancy or delivery. The unprecedented, dramatic,
and medically unjustified increase in its use over recent
decades has transformed this surgery into one of the most
controversial topics in modern obstetric practice [1,2].

In 1985, a panel of experts was set up to review and issue
recommendations for the appropriate technology for birth
at a meeting organized by the World Health Organization
(WHO) in Fortaleza, Brazil [3]. These experts concluded
that “there is no justification for any region to have a cesar-
ean delivery rate higher than 10%-15%.” This reference
was based on the scarce evidence available then and the
fact that some of the countries with the lowest perinatal
mortality rates had, at that time, cesareans section rates
lower than 10%. Despite this recommendation and the
lack of evidence that increased rates improve maternal and
perinatal outcomes, and some studies showing that higher
rates could be linked to negative maternal and perinatal
outcome [4-6], cesarean delivery rates continue to rise,
particularly in high- and middle-income countries, with
no sign of curbing the trend [7-10]. Additional concerns
and controversies around this include inequities observed
in the use of the procedure, not only between countries but
also within countries [11-13], the cost that unnecessary
cesarean deliveries impose on financially deficient health
systems [10], and the multifactorial web of factors under-
lying this phenomenon, which is not fully understood.

In 2009, WHO published a handbook for monitoring
emergency obstetric care [14]. For the first time since 1985,
it was acknowledged that “although WHO has recom-
mended since 1985 that the rate of caesarean deliveries
not exceed 10%-15% there is no empirical evidence for an
optimum percentage or range of percentages, despite the
growing body of research that shows a negative effect of
high rates,” and advised that “very low and very high rates
of cesarean delivery can be dangerous. Pending further
research, users of the handbook might want to continue to
use a range of 5%-15% or set their own standards.”

EPIDEMIOLOGICAL DATA AND TRENDS WORLDWIDE

The first accounts of the increase of cesarean delivery
rates date back to 1976, with the compilation of data from
the 1940s to the 1970s in hospitals in the United States
[15,16]. In the early 1980s, Placek and colleagues reported
a national rise in cesareans in the United States, from 4.5%
in 1965 to 10.4% in 1975 and 16.5% in 1980 [17], showing

that this increase was not restricted to particular hospi-
tals. A number of later studies presented and compared
cesarean delivery rates in a small number of industrial-
ized countries where data were available, along with their
indications, starting in the 1980s [18,19]. One of the first
global attempts to systematically compile national-level
estimates of cesarean delivery worldwide was published
in 2007 to map practices on the mode of delivery, and
reported data for 126 countries, which represented nearly
90% of all live births globally [7].

Table 1.1, from that 2007 study, shows the global,
regional, and subregional cesarean delivery rates accord-
ing to WHO geographical regional divisions at that time.
Globally, 15% of the deliveries were by cesarean delivery
at the time of these estimates. At national level, rates were
highest in Latin and North America, where almost 30%
and 25% of the deliveries were by cesarean, respectively.
The lowest rates were in Africa, where the proportion of
cesarean deliveries was 3.5%. These averages, however,
mask wide variations between subregions and countries.
For instance, the rate of cesarean delivery in Southern
Africa (14.5%) contrasts sharply with the rates seen in
Middle, Western, and Eastern Africa (1.8%, 1.9%, and
2.3%, respectively). Likewise, the variation within Asia is
striking. Although the average rate of cesarean deliver-
ies in the region is 15.9%, very low rates in South-Central
(5.8%) and South-Eastern Asia (6.8%) contrast sharply
with the very high rate seen in Eastern Asia (40.5%) which
is mainly driven by cesarean deliveries in China.

Latin America has classically been the region with the
highest cesarean delivery rates in the world, with Brazil
leading this rise, followed closely by Chile and Mexico. In
2010, over 50% of all Brazilians were delivered by cesarean
delivery, a 20% increase in just 4 years since 2006 [20], and
over 80% of all deliveries are by cesarean delivery in the
private sector.

Figure 1.1a and b shows the cesarean delivery rates of
the countries included in the 2007 analysis and which
countries fall within the 10%-15% range. The design of
the upper panel in log scale allows one to better visual-
ize the countries in the lower spectrum of cesarean rates.
Again, African countries are clearly pictured in this area;
Chad, Ethiopia, Madagascar, and Niger present the low-
est rates, all below 1%. It is worth mentioning that only
two African countries present rates above 10%, namely,
Egypt and South Africa. In contrast, Figure 1.1b (in nat-
ural scale) enhances the visualization of those countries
with higher cesarean delivery use. Brazil, China, Italy, and
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Table 1.1 cCesarean delivery rates by region and subregion and coverage of the estimates

Births by
cesarean
delivery (%)

Region/subregion?

Range,
minimum to
maximum (%)

Coverage of
estimates® (%)

World total 15.0
More developed regions 21.1
Less-developed countries 14.3
Least-developed countries 2.0
Africa 3.5
Eastern Africa 23
Middle Africa 1.8
Northern Africa 7.6
Southern Africa 14.5
Western Africa 1.9
Asia 15.9
Eastern Asia 40.5
South-Central Asia 5.8
South-Eastern Asia 6.8
Western Asia 11.7
Europe 19.0
Eastern Europe 15.2
Northern Europe 20.1
Southern Europe 24.0
Western Europe 20.2
Latin America and the Caribbean 29.2
Caribbean 18.1
Central America 31.0
South America 29.3
Northern America 24.3
Oceania 14.9
Australia/New Zealand 21.6
Melanesia 49
Micronesia nad
Polynesia na

0.4-40.5 89 (74)¢
6.2-36.0 920
0.4-40.5 89 (72)¢
0.4-6.0 74
0.4-15.4 83
0.6-7.4 93
0.4-6.0 26
35-11.4 84
6.9-15.4 93
0.6-6.0 95
1.0-40.5 89 (65)°
27.4-40.5 90 (0.31)¢
1.0-10.8 93
1.0-17.4 83
1.5-23.3 75
6.2-36.0 929
6.2-24.7 100
14.9-23.3 100
8.0-36.0 97
13.5-24.3 100
1.7-39.1 92
1.7-31.3 78
7.9-39.1 98
12.9-36.7 920
22.5-24.4 100
4.7-21.9 92
20.4-21.9 100
4.7-7.1 87
na 0
na 0

2 Countries categorized according to the UN classification. Countries with a population of less than 140,000 in

2000 are not included.

b Refers to the proportion of live births for which nationally representative data were available.
¢ Figures within parentheses represent coverage excluding data from China.

4 na = data not available.

Mexico all had cesarean rates higher than 35% at the time
of that study.

Other estimates have been published by WHO in the
2014 World Health Statistics [21]. All regional estimates
show an increase in the use of cesarean delivery except for
Africa where the average rate is still 4%. In the Americas
and Europe, present rates of cesarean deliveries are 36%
and 24%, respectively.

CONSEQUENCES OF GLOBAL INEQUALITIES

One of the negative consequences of the unprecedented
cesarean delivery rate increase is the diversion of human
and financial resources from other equally, if not more,
important health interventions [22]. Alternately, it is

argued that the indiscriminate reduction of cesarean
deliveries could have a negative effect on maternal and
perinatal outcomes, and could be seen as a disrespect of
women’s autonomy and preferences [23].

As presented above, there is a wide variation in cesar-
ean delivery use between and within countries [24-27].
This use follows the health-care inequity pattern of the
world: underuse in low-income settings, and adequate
or even unnecessary use in middle- and high-income
settings [7,8,13,28]. In 2012, Gibbons et al. analyzed the
resource-use implications of such inequality. The authors
showed that 0.8-3.2 million additional cesarean deliver-
ies are needed every year in low-income countries, where
60% of the world’s births occur, and in middle- and
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Figure 1.1 (a, b) Dot-plots of cesarean delivery rate by region, showing median and interquartile range; log scale (upper) and
natural units (lower). Selected regional outliers identified with text labels.

CESAREAN DELIVERY AND MATERNAL

high-income countries, where 37.5% of the births occur,
there is a yearly excess of 4.0-6.2 million cesarean deliv-
eries [11]. Based on these data, the reduction of cesarean
delivery rates to 15% would lead to a $2.32 billon savings,
while $432 million would be necessary to attain a 10%
rate where needed. However, within countries, the extent
to which the overuse of cesarean delivery among certain
segments of the population affects the health-care system
and the delivery of the intervention to those most in need
is unknown [29].

AND PERINATAL OUTCOMES

Undoubtedly a cesarean delivery can resolve life-threaten-
ing situations for both the mother and the baby. However,
in normal, uncomplicated deliveries, there is controversy
about the harm that can potentially be inflicted with this
surgery, as some studies have shown increased maternal
mortality and morbidity [30]. The consequences of overus-
ing cesarean delivery are unclear, and the question “what
is the association between cesarean delivery and maternal
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and perinatal outcomes when the cesarean delivery may
not be considered medically necessary?” is pending. The
answer to this question is not a straightforward process
for different reasons. It involves the consideration of mul-
tiple short- and long-term outcomes, for both mother and
baby, some of which may be competing. Randomized
controlled trials where pregnant women are randomly
assigned to vaginal delivery or cesarean delivery have yet
to be designed in an ethical, feasible, and useful manner.
This has been a source of controversy and a reason for cre-
ativity for many years [31-33]. A survey involving all con-
sultant obstetricians and heads of midwifery in the United
Kingdom reported that only a minority would support a
randomized trial of planned cesarean delivery compared
with planned vaginal delivery [31]. In noninterventional
studies, such as observational designs, comparing women
by their eventual route of delivery is not appropriate.
Although complications are more frequent in women who
had a cesarean delivery compared with those who had a
vaginal delivery, it is difficult to assess to what extent the
cesarean delivery was the cause or the consequence of the
negative outcome. Methodologically, it is a challenge to
isolate the morbidity specifically caused by the route of
delivery.

At the ecological level, several studies have been pub-
lished presenting the association between cesarean deliv-
ery rates and maternal and newborn outcomes [7-9,34,35].
These types of study compare groups rather than indi-
viduals, and for this reason, the results are often difficult
to interpret epidemiologically [36]. A valid conclusion at
population level should not be taken as valid at the individ-
ual level, and associations at population level should not be
extrapolated at the individual level to avoid the ecological
fallacy. Cross-sectional comparisons of cesarean delivery
rates versus maternal, infant, and neonatal mortality indi-
cators at country level have been published using different
statistical techniques. Overall, authors have found that in
settings with high maternal and neonatal mortality rates,
which usually also show low or very low use of cesarean
delivery, there is an inverse and statistically significant
association between the rate of cesarean delivery and mor-
tality—that is, as cesarean delivery rates increase, mortal-
ity decreases. However, in countries with lower levels of
maternal and newborn mortality, which tend to be the
countries with higher cesarean delivery rates, this associa-
tion is not found [8,35], and some authors have hypoth-
esized a positive correlation showing that higher cesarean
delivery rates are associated with higher maternal, new-
born, and infant mortality [7]. One ecological study used
nationally representative longitudinal data from 19 coun-
tries with low maternal mortality rates to explore what is
the optimal rate for medically necessary cesarean deliver-
ies [34]. Data from the last three decades for countries in
Northern and Western Europe, North America, Australia,
New Zealand, and Japan adjusted for human develop-
ment index (HDI) and gross domestic product (GDP) con-
firmed the sharp increase in cesarean delivery rate in these
countries and showed that once cesarean deliveries reach

10%-15%, further increases in this rate had no impact on
maternal, neonatal, and infant mortality at population
level. However, before reaching these levels, maternal,
neonatal, and infant mortality decreased substantially as
cesarean delivery rates increased. Besides the longitudinal
nature of this study, a critical part of its design was that
it only included countries with reliable statistics where
women can receive a cesarean delivery whenever needed,
thus reducing the confounding effect of socioeconomic
and health system factors that are often at the root of the
low cesarean delivery levels in high-mortality countries.

In search of constructive steps and keeping in mind
all the aforementioned limitations, WHO designed the
Global Survey on Maternal and Perinatal Health to assess
the risks and benefits associated with cesarean deliv-
ery compared with vaginal delivery. This was a multi-
country, facility-based cross-sectional study that took
place in 2004-2005 in Africa and Latin America and in
2007-2008 in Asia. The WHO Global Survey included
data for 290,610 births in 24 countries [37]. Individual-
level analysis in the Latin American countries showed
that cesarean delivery independently reduced the overall
risk in breech presentations and risk of intrapartum fetal
death in cephalic presentations, but increased the risk of
severe maternal and neonatal morbidity and mortality in
cephalic presentations [5]. Analysis at facility level showed
that rates of cesarean delivery were positively associated
with postpartum antibiotic treatment and severe mater-
nal mortality and morbidity, fetal mortality rates, as well
as higher number of babies admitted to the intensive care
unit for 7 days or longer [6]. Figures 1.2 through 1.4 show
the adjusted association between rate of cesarean delivery
and maternal morbidity and mortality index and postna-
tal treatment with antibiotics (Figure 1.2), the adjusted
association between rate of cesarean delivery and intra-
partum death and neonatal mortality (Figure 1.3), and the
adjusted association between rate of cesarean delivery and
neonatal admission to intensive care for 7 days or more
and preterm delivery (Figure 1.4). Although these analy-
ses are not free of bias and limitations, the large sample
size and the extensive statistical adjustment for many
confounding factors and the consistent and strong trend
reported support the validity of the results.

In the Asian Global Survey data (109,101 deliveries
in 122 recruiting facilities in nine countries) all deliver-
ies were carefully classified into spontaneous, operative
vaginal delivery, antepartum cesarean delivery without
indications, antepartum cesarean delivery with indica-
tions, intrapartum cesarean delivery without indica-
tions, and intrapartum cesarean delivery with indications
[4]. Compared with vaginal delivery, the adjusted risk of
maternal mortality and morbidity index (any of the follow-
ing: maternal mortality, admission to intensive care unit,
blood transfusion, hysterectomy, or internal iliac artery
ligation) was increased for operative vaginal delivery
(odds ratio [OR] 2.1, 95% confidence interval [CI] 1.7-2.6)
and all types of cesarean delivery (antepartum without
indication OR 2.7, CI 1.4-5.5; antepartum with indication
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cesarean delivery versus logit of adjusted probability of each outcome.
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Figure 1.3 Association between rate of cesarean delivery and intrapartum death (per 1000 births) and neonatal mortality (per
1000 live births). Mortality rates adjusted by proportions of primiparous women, previous cesarean delivery, gestational hyperten-
sion or preeclampsia or eclampsia during current pregnancy, referral from other institution for pregnancy complications or delivery,
breech or other noncephalic fetal presentation, and epidural during labor, along with complexity index for institution and type of

institution in multiple linear regression analysis.

OR 10.6, CI 9.3-12.0; intrapartum without indication OR
14.2, C19.8-20.7; intrapartum with indication OR 14.5, CI
13.2-16.0). Based on these findings, the authors concluded
that “to improve maternal and perinatal outcomes, cesar-
ean delivery should be done only when there is a medical
indication” [4, pp. 494-495].

Although the WHO Global Survey was conducted in
middle- and low-income countries and was facility based,
studies in high-income countries at population level offer

similar results. In a population-based study in California
in 2005-2007 with over 1.5 million live singleton births,
compared with vaginal delivery, primary cesarean,
repeat cesarean, and vaginal birth after cesarean (VBAC)
had higher rates of severe morbidity [38]. However, in
this same study, women delivered vaginally had higher
rates of pelvic floor morbidity (defined as International
Classification of Diseases, Ninth Revision (ICD-9) codes
for episiotomy, third- and fourth-degree laceration, vulvar


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-2&iName=master.img-002.jpg&w=153&h=154
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-2&iName=master.img-003.jpg&w=153&h=155
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-2&iName=master.img-004.jpg&w=153&h=155
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-2&iName=master.img-005.jpg&w=153&h=155

6 Epidemiologic trends internationally

Stay in neonatal intensive care
unit for >7 days

Care unit for 27 days (%, logit scale)

I T TTT I
1 10 20304050 70 90

Cesarean delivery rate (%, logit scale)

Preterm delivery

25

10 —
7.5 7

2.5 —

Adjusted preterm delivery (%, logit scale)

I VN T (0 U O I
1 10 20304050 70 90

Cesarean delivery rate (%, logit scale)
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sion or preeclampsia or eclampsia during current pregnancy, referral from other institution for pregnancy complications or delivery,
breech or other noncephalic fetal presentation, and epidural during labor, along with complexity index for institution and type of

institution in multiple linear regression analysis.

or perianal hematoma, or other trauma or indication of
third or fourth laceration on the birth certificate) than
those delivered by cesarean.

A prospective nationwide population-based cohort
study in the Netherlands attempted to evaluate the risk
of severe acute maternal morbidity related to mode of
delivery [39]. Severe acute maternal morbidity including
intensive care unit admission, uterine rupture, eclamp-
sia, and major obstetric hemorrhage was analyzed over a
2-year period (2004-2006) in more than 350,000 deliver-
ies registered in the country. The investigators found a
significantly higher risk of severe acute maternal mor-
bidity in women who had an elective cesarean delivery
compared to those who attempted a vaginal delivery (6.4
per 1000 versus 3.9 per 1000, respectively; OR 1.7, 95%
CI 1.4-2.0).

Several studies have analyzed temporal trends in peri-
partum hysterectomy. In Italy, a 15-year study over 1.2
million women reported an increase over time from 0.57
to 0.88 per 1000 deliveries in 1996 and 2010, respectively
[40]. Authors noted that women who underwent cesarean
delivery had a fivefold increase in their risk of hysterec-
tomy than those who had a vaginal delivery (OR 5.66, 95%
CI 4.91-6.54). A similar large study in the United States
between 1997 and 2005 concluded that mode of delivery
as well as prior obstetric history are major risk factors for
peripartum hysterectomy. Compared to women having a
vaginal birth, those delivered by primary cesarean deliv-
ery had twice the risk of having a hysterectomy (OR 2.20,
CI 1.80-26.69) while in those having a repeat section the
risk was four times higher (OR 4.51, CI 3.76-5.40) [41].
Other population-based analysis in Italy, China, and the
Netherlands arrived at similar results [39,42,43].

FACTORS CONTRIBUTING TO TRENDS
OF CESAREAN DELIVERY

Despite worldwide concern, controversies, and investiga-
tions, the determinants of rising cesarean delivery rates
remain unclear and warrant urgent, focused, and country-
specific attention. Causes for this trend are multifactorial
and involve complex interactions between maternal and
pregnancy characteristics, such as increasing maternal
age, obesity, and excessive gestational weight gain and
multiple pregnancies [44-47], as well as administrative,
economic, social, and clinical factors including differ-
ences in thresholds for intervention at institutional and
practitioner levels and fear of litigation [48,49]. Maternal
request is cited as being one of the key factors driving the
cesarean delivery increase [48,50-54]. However, contrary
to this popular belief, a systematic review of the literature
reports that only 16% of over 17,000 women across a range
of countries prefer cesarean delivery [55]. Factors associ-
ated with cesarean delivery preference include younger
age, nulliparity, lower instruction, and a previous delivery
by cesarean [55-57].

Higher cesarean delivery preference may in part be
explained by the increasing perceived safety of cesarean
delivery, especially in countries with a high cesarean
delivery rate. Although the relative risks for complications
of cesarean delivery are still several times higher than in
a vaginal delivery [4,58-60], the absolute risks for mater-
nal or perinatal morbidity and mortality are very small,
and may contribute to the sense of the safety of this sur-
gery and to the rising rates of cesarean delivery, especially
in developed countries. The media also contributes to
the portrayal of cesarean delivery as a simple and low-
risk procedure. For instance, most articles published in
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popular Brazilian and Spanish women’s magazines over
the last 20 years do not use optimal sources of informa-
tion and fail to report important perinatal and long-term
maternal risks of cesarean delivery, such as iatrogenic pre-
maturity and increased risk for placenta previa/accreta in
future pregnancies [61,62].

MONITORING CESAREAN DELIVERY
RATES AT LOCAL LEVEL

The proportion of deliveries by cesarean delivery at coun-
try level is a useful indicator, and as such, its use is pro-
moted and recommended by international agencies to
monitor emergency obstetric care, access, and quality
[14,63]. This indicator provides information that can be
used for guiding policy and programs as well as planning
for the necessary resources. In addition, the information
is relatively easier to obtain compared with other maternal
health indicators, as women can be expected to remember
more dependably the type of delivery than, for example, if
the care provider at birth was formally skilled, the num-
ber of antenatal care visits they attended, or the antenatal
test performed [64]. Also, the reliability of the informa-
tion obtained through demographic and health surveys
(mainly in developing countries) has been assessed to be
of sufficient precision at the national level [65]. However,
there are limitations, and the data presented above needs
to be interpreted with caution. Monitoring, reporting,
and analyzing national rates can mask important within-
country variation; not only the well-identified urban ver-
sus rural differences but also variation within hospitals
and districts [12,13,66,67]. Potentially appropriate levels of
cesarean delivery rates of about 15% do not indicate that
those women who need a cesarean delivery are getting it,
which should be the goal of health providers, instead of
achieving a specific percentage or rate at the country level.
Moreover, the population rate of cesarean deliveries does
not assess the quality of the intervention, the appropriate-
ness of the technique, the adequate capacity of the facility,
or the adequate capacity and training of the health-care
providers.

Monitoring cesarean delivery rates at subnational level
(e.g., hospital-level) is essential to understand trends and
associated factors. Despite this critical need, the lack of
a standardized, internationally accepted classification
system to monitor and compare rates in a replicable and
action-oriented manner has precluded advances in this
direction. Classifications based on indications for cesar-
ean delivery have been the most frequently used [68]. The
rationale for this is that in order to understand whether
the cesarean delivery is necessary or not, we need to know
why it was performed in the first place. Theoretically, these
types of classifications are easy to implement because the
“causes” of the cesarean are routinely reported in the med-
ical records, but the drawbacks for international compari-
son are multiple. Indicators are neither mutually exclusive
nor totally inclusive, unless an extensive list of indications
is provided. Moreover, the definitions of some of the most
common conditions leading to cesarean (e.g., dystocia,
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fetal distress) are poorly described or unclear, thus hin-
dering reproducibility by different clinicians. Last, the
utility of this classification to change clinical practice is
questionable because many of the indications cannot be
prospectively identified.

A systematic review of available classification systems
conducted by WHO and published in 2011 found and eval-
uated 27 different classifications. This review concluded
that “women-based classification in general, and Robson’s
classification, in particular, would be in the best position to
fulfil current international and local needs and that efforts
to develop an internationally applicable cesarean delivery
classification would be most appropriately placed in build-
ing upon this classification” [68, p. 1]. The system proposed
by Robson in 2001 classifies women into 10 groups based
on their obstetric characteristics (parity, previous cesarean
delivery, gestational age, onset of labor, fetal presentation,
and number of fetuses) without needing the indication for
cesarean delivery [69]. The system can be applied prospec-
tively, and its categories are totally inclusive and mutu-
ally exclusive so that every woman who is admitted for
delivery can be immediately classified based on these few
basic characteristics that are usually routinely collected by
obstetric care providers worldwide (see Table 1.2).

Table 1.2 Description of the Robson 10-group
classification system for cesarean delivery

Group Women included

1 Nulliparous with single cephalic pregnancy, 237
weeks’ gestation in spontaneous labor

2 Nulliparous with single cephalic pregnancy, =237

weeks' gestation who either had labor induced or
were delivered by cesarean delivery before labor

3 Multiparous without a previous uterine scar, with
single cephalic pregnancy, 237 weeks’ gestation
in spontaneous labor

4 Multiparous without a previous uterine scar, with
single cephalic pregnancy, 237 weeks' gestation
who either had labor induced or were delivered
by cesarean delivery before labor

5 All multiparous with at least one previous uterine
scar, with single cephalic pregnancy, 237 weeks’
gestation

6 All nulliparous women with a single breech
pregnancy

7 All multiparous women with a single breech

pregnancy including women with previous
uterine scars

8 All women with multiple pregnancies including
women with previous uterine scars

9 All women with a single pregnancy with a
transverse or oblique lie, including women with
previous uterine scars

10 All women with a single cephalic pregnancy <37
weeks’ gestation, including women with previous
scars
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A systematic review assessed the use of the Robson clas-
sification worldwide and the experiences by the users as
well as the adaptations, modifications, and recommenda-
tions suggested [70]. Despite the lack of official endorse-
ment by any international organizations or institution or
formal guidelines, the use of the Robson classification is
increasing rapidly and spontaneously. Users find it simple,
robust, clear, flexible, easy to implement, and clinically
relevant. As the variables necessary to construct this clas-
sification are readily available even in developing coun-
tries, this system can be potentially used at all levels, i.e.,
national, regional, and hospital levels. All these are clear
advantages in the current international scenario with
a highly prioritized need for standardization of the col-
lection and analysis of cesarean delivery data. This is an
essential step to assess what is the most appropriate range
of cesarean delivery rates to obtain the best maternal and
perinatal outcomes, regardless of the level of the health
system and of the country.
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INTRODUCTION

The ability to extract the fetus by laparotomy was a sig-
nificant step in moving away from traditional obstetrics
and towards modern maternal-fetal medicine. Caesarean
delivery can currently be considered as the operation
women the world over are most likely to undergo.

OPENING THE ABDOMINAL WALL

Different surgical techniques for carrying out cesarean
deliveries have been described, and consequently, several
types of incisions are used to access the abdominal cav-
ity. Regardless of the type of access, the surgical technique
must comply with certain basic requirements. It must
adequately expose the uterus, allow the fetus to be eas-
ily accessed and extracted, reduce the risk of postsurgi-
cal complications, and allow for an aesthetically pleasing
result. The urgency of the operation, the patient’s body
mass index (BMI), previous abdominal operations, and
the experience of the surgeon are other factors that play a
role in determining the type of surgery.

There are two types of cutaneous incisions: transverse
(Pfannenstiel, Maylard, Cherney, Joel-Cohen) and longi-
tudinal (median or paramedian). Most cesarean deliver-
ies are carried out with a transverse incision of the skin
and the muscle fascia using a technique introduced by
Pfannenstiel in 1900 [1].

As a surgical technique, the traditional Pfannenstiel
incision involves the transverse cutting of the skin (Figure
2.1a) and subcutaneous tissue (Figure 2.1b) along the
suprasymphyseal fold of the abdomen, the Bumm pel-
vic line, along a straight or slightly curved cut approxi-
mately 15-cm long. The transverse cutaneous incisions
in the Pfannenstiel laparotomy are obviously performed
in the same area, but along different lines close to the area.
The type of incision performed is a function of different
factors, such as the patient’s health, weight, size of the gra-
vidic abdomen, and the preference and experience of the
surgeon.

Generally, all Pfannenstiel transverse incisions during
cesarean delivery are carried out in the Malgaigne triangle
area. This region has the approximate shape of an isosce-
les triangle that points down to the pubic symphysis and
with its base at the top: along the top it is defined by the
Bumm pelvic fold and on the sides and bottom by the two
groin-femoral folds. Whichever way the incisions are car-
ried out, closer to the base or to the apex of the Malgaigne
triangle, they have a slight upward concavity and are par-
allel to the elastic fibers of the dermis and therefore respect
this area’s superficial layer anatomy.

After performing hemostasis of the main blood ves-
sels, which may be required, the front tissue sheath of the
rectus muscles is exposed and cut transversely the same
length as the cutaneous incision (Figures 2.2a, b, and c).
The sheath is then separated from the muscle layer: while
the fascia is kept taut, the aponeurosis edges are detached
laterally to the median raphe, which is then cut (Figures
2.3a and b). The separation is completed by detaching
with fingers or with the help of a wad of gauze on for-
ceps. This maneuver likely results in some bleeding due
to damage to the fascia perforator vessels (Figures 2.4a,
b, and ¢).

The rectus muscles are separated along the median line
up to the base of the pyramidal muscles which are sec-
tioned sagitally in the point of union, without detaching
them from the ipsilateral rectus muscle. The transversalis
fascia and the peritoneum are cut vertically, being careful
to avoid the bladder. In fact when the bladder is empty, the
bottom is approximately at the level of the upper margin of
the pubic symphysis. Locating the space of Retzius, espe-
cially during a repeated cesarean delivery, prevents dam-
age to the dome of the bladder. This virtual space is located
in front of the external side of the parietal peritoneum. It
is above the bladder and characterised by lax cellular tis-
sue which can be easily detached by finger fracture. It also
keeps the dome of the bladder away from the laparotomy
(Figure 2.5).

In addition to aesthetic reasons, the transverse inci-
sion has numerous advantages that vary depending on
the direction and location of the opening of the abdo-
men. It is the incision that best adapts to the various
abdominal wall structures and therefore is able to facili-
tate the mending of damaged tissues. The skin is cut
parallel to the elastic and collagen fibers of the dermis.
Retraction of the cutaneous margins will be minimized,
and they will be able to fit together more easily. The rec-
tus muscle sheath is also cut along the direction of the
fibers. It is therefore more of a separation than a delivery
of the fibers. These surgical maneuvers can be carried out
because the Pfannenstiel laparotomy is performed below
the arched line in a place where the rectus muscle fascia
is replaced by a thin layer constituted by the transversalis
fascia (Figure 2.6).

Anatomical and functional damage is considerably
less than that resulting from longitudinal sections and
can be repaired without compromising resistance of the
fascia, which is in fact the most important structure in
terms of postoperative dehiscence. This complication
occurs much less frequently than in vertical incisions.

n
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(a)

Figure 2.1 (a) Skin incision in the Pfannenstiel laparotomy. (This incision is performed parallel to the elastic and collagen fiber
of the derma of the cutis.) Inset: the Malgaigne triangle described by three lines: (1) pubic line, (2) inguinal-femoral left line, and (3)
inguinal-femoral right line. (b) Skin incision in the Pfannenstiel laparotomy of the subcutaneous tissue with electric scalpel at cesar-
ean delivery. (Modified from Malvasi A, Di Renzo GC. Semeiotica Ostetrica, Rome, Italy: CIC Edizioni Internazionali; 2012.)

In fact the fascia opening is parallel to the tension lines
of the wide abdomen muscles (Figures 2.7a and b), so
contractions do not stretch the suture, as in the sagit-
tal sections, but are instead lateral and therefore in the
same direction as the cut. In fact, in longitudinal inci-
sions the frequency of laparotomy wound dehiscence is
eight times greater [2].

It is uncertain whether this surgical approach is also ben-
eficial in terms of immediate postoperative complications:

Wall and colleagues have observed in the vertical inci-
sion, in 239 obese patients, a greater incidence of parietal
complications, as opposed to the transverse incision [3].
Houston and colleagues, in a retrospective study, again in
obese patients, did not observe any difference [4]. However,
the postoperative course is improved, as the transverse
incisions are frequently less painful. Because the wound is
remote from the diaphragm, the localized pain is not wors-
ened by breathing. Moreover, use of the oblique muscles
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Figure 2.2 (a) Section of the anterior right rectus fascia and anterior right fascia of oblique muscle, with curved Mayo scissor
during Pfannenstiel laparotomy. (b) Extension of the incision of the fascia at right of the patient at the oblique muscle, with curved
Mayo scissors during Pfannenstiel laparotomy. (c) Extension of the incision of the fascia at the left of the abdomen.

of the abdomen does not cause the wound margins to
separate and therefore does not cause pain. Postoperative
ileus is less frequent and/or less serious. This can likely be
attributed to the fact that, because the operating field is at
the center of the abdominal incision, the “trauma” of the
intestinal loops is not as great as that during the vertical
incision. Cutaneous adhesion is more rapid and solid, in
part due to the lesser frequency of septic complications [3].
Consequently, the surgical scar will be straighter and less
visible. With regard to the disadvantages of the transverse
incision, some authors have noted that, especially in obese
patients, exposure of the uterus is not optimal. The limited
visibility can be improved by making adequate use of the
cutaneous incision and separating, vertically and laterally,
the rectus muscles from their sheath.

The difficulties in extracting the fetus in the Pfannenstiel
incision, when the length of the cutaneous delivery is at
least 15 cm, are in fact minimal and statistically compa-
rable to the Mackenrodt-Maylard technique [5]. A study
by Finan and colleagues has shown that the fetus extrac-
tion time is not related to the type of incision but is instead

related to its length: an Allis clamp placed between the
retractor handles indicates the correct length of the inci-
sion (15 cm), whether transverse or longitudinal [6].

The opening of the abdomen is not as rapid with a tra-
ditional transverse incision as with a longitudinal inci-
sion and may cause increased blood loss. This, however,
remains limited as it involves the larger branches of the
external pudendal and superficial inferior epigastric
arteries. For this reason some authors believe it should be
contraindicated in case of coagulopathy or preeclampsia.
A clinical trial, however, has brought to light how, in terms
of infections and/or hematomas, in patients affected by the
hemolysis, elevated liver enzymes, and low platelet count
(HELLP) syndrome the frequency of complications of the
laparotomy wound is not influenced by the type of cutane-
ous incision [7]. Past studies have not shown a significant
statistical difference between the two types of incisions in
terms of the need for blood transfusions, the variations of
hemoglobin, and incidence of fever [8].

The transverse incision according to Mackenrodt-
Maylard can be used in the event a wider opening becomes
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(a)

Figure 2.3 (a) Detachment of the alba-line with the electric scalpel while the assistant produces traction of the upper sectioned

fascia. (b) Incision of the alba-line of the muscles by Mayo scissors.

necessary [9,10]. The Mackenrodt-Maylard laparotomy,
described in 1901-1907, involves the incision of the skin
and of the subcutaneous tissue from one anterior superior
iliac spine to the other, following a slight upward concav-
ity. After the fascia is cut transversely, the rectus muscles
are separated, for a short length, along the median line and
are then isolated below the muscle venter up to the lateral
margin of the muscles. This level shows the underlying
lower epigastric vessels which some authors would rather

tie and deliver to reduce blood loss. This, however, is not
essential. The rectus muscles are then cut transversely with
scissors or electric scalpel, starting from the medial margin.
The upper stump is secured to the above aponeurotic fascia.
This prevents an excessive retraction of the severed muscle
venters which would make it difficult to bring them closer
together during suturing. After thorough hemostasis of the
severed muscle, the transversalis fascia and peritoneum are
opened transversely (Figures 2.8a and b).
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Figure 24 @) Digital stretching by the surgeon and the assistant of the muscles and parietal plane exposition. (b) Incision of
the fascia over the skin and subcutaneous line incision, to facilitate extraction of the fetus. (c) Hemostasis with electric scalpel of the
abdominal vessels.

A variant of the Mackenrodt-Maylard technique was plane is displayed, the pyramidal muscles are separated
described by Cherney in 1941 [11]. The Cherney lapa- from the rectus muscles up to the base and the quadri-
rotomy involves the resectioning of the rectus muscles at lateral tendons of the latter are cut at the pubic inser-
the pubic insertion: after the fascia is cut transversely, the tion located between the iliac spines and the symphysis
lower layer is detached up to the pubis. Once the muscular (Figure 2.9).

Figure 2.5 sagittal section of the female pregnant pelvis (left) and nonpregnant pelvis (right). The curved black line indicates
the abdominal fascia. (Modified from Malvasi A, Di Renzo GC. Semeiotica Ostetrica, Rome, Italy: CIC Edizioni Internazionali; 2012.)
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Figure 2.6 Frontal anatomic section of abdominal wall, under the arcuate line and the pregnant uterus at pregnancy term.
Laparotomies for cesarean delivery are performed under the arcuate line. 1 = skin; 2 = subcutaneous tissue of anterior subumbilical
abdominal wall; 3 = abdominal fascia of rectus abdominis muscles (linea alba); 4 = anterior abdominis fascia, of right rectus muscle;
5 =fascia transversalis; 6 = subperitoneal tissue; 7 = anterior parietal peritoneum; 8 = peritoneal cavity; 9 = visceral uterine perito-
neum; 10 = anterior uterine wall (lower uterine segment, at pregnancy term); 11 = amniotic cavity; 12 = fetal head (right parietal
fetal skull, of the fetus in cephalic presentation); 13 = left rectus muscle; 14 = left external oblique muscle; 15 = transverse muscle;

16 = left internal oblique muscle.

Low incisions in women who have already been sub-
jected to previous pelvic surgery may result in intraopera-
tive problems due to scar reaction (Figure 2.10).

The Mackenrodt-Maylard procedure allows an ade-
quate exposure of the uterus, although doubts regarding
the transverse delivery of the rectus muscles have limited
its use. In fact this type of incision may result in extensive
muscular damage and in unexpected lesions of the under-
lying vessels [12].

Ayers and Morley, instead, have not noticed differ-
ences in terms of surgical morbidity [5] between the
Pfannenstiel technique and the sectioning of rectus mus-
cles (Figure 2.10). These authors therefore believe that
the Mackenrodt-Maylard technique is safe and should
be highly recommended whenever there are situations
involving a particular risk (e.g., macrosomia, twins) These
require wide surgical exposure in order for the cesarean
delivery to be nontraumatic.

Giacalone and colleagues have also shown, in a ran-
domized study, that in terms of postoperative pain
and perisurgical complications, the Maylard technique

does not present statistical differences compared to the
Pfannenstiel incision [13]. The clinical and objective
evaluation of the strength of the abdominal wall, per-
formed after the operation, has also evidenced similar
results.

An alternative to the traditional abdomen opening
according to Pfannenstiel, is the Joel-Cohen transverse
incision [14]. The main idea behind this procedure is to
respect the anatomy of the abdominal wall as much as
possible with the use of the “stretching” technique. This
method is based on two basic concepts:

® Perform a minimum incision in order to reduce surgical
duration and improve healing.

® Morbidity is not affected by the position of the incision
but by dieresis and unnecessary suturing of tissues.

New procedures have also been described, such as the
one proposed by the Misgav Ladach General Hospital
in Jerusalem [15,16]. This surgical technique, known in
Italy as the “Caesarean delivery according to Stark,” has
adopted the Joel-Cohen transverse incision.
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Figure 2.7 @) Longitudinal incision of the fascia in a transverse laparotomy with scalpel during cesarean delivery. (b) Detachment
of the fascia by the surgeon with two fingers, before the longitudinal incision.

The Joel-Cohen laparotomy is a surgical technique in
which a straight cutaneous incision is performed approxi-
mately 3 cm below the level of the anterior superior iliac
spines, approximately 2-3 cm above the point of the
Pfannenstiel incision (Figure 2.11). After the cutaneous
incision the subcutaneous tissues are cut centrally, for
2-3 cm, in an area in which there are no significant vessels
(Figure 2.12). This incision can also be performed in case
of previous surgical interventions, without excision of the
laparotomy scar. Once the fascia is exposed, use fingers to
widen the subcutaneous tissue in order to expose an area
of at least 4-5 cm, thereby protecting the lateral epigastric
vessels (Figure 2.13). The fascia is cut centrally for 2-3 cm,
open scissors are inserted beneath the subcutaneous tissue,
and the incision is extended, on both sides, a few centime-
ters beyond the cutaneous incision so that the fascia open-
ing is larger than the cutaneous opening (Figure 2.14). Use
index fingers to detach the fascia cranially and caudally to
provide more room for the next maneuver (Figure 2.15).

The rectus muscles are widened by laterally stretching
them until at least 10-12 cm of peritoneum are exposed. In
this maneuver, the surgeon and assistant both insert their
index and middle fingers under the muscles and simultane-
ously widen the subcutaneous tissue with a bilateral man-
ual pull until there is a sufficient opening (Figure 2.16). If
greater strength is required to perform this maneuver, as
occurs for obese women or for repeated operations, the
index and middle fingers of the other hand, of both surgeon

and assistant, can be placed over the first hand (Figure
2.17). It is not recommended to place fingers from both
hands next to each other as that increases the odds of ves-
sels being damaged, with resulting hematomas.

The parietal peritoneum can be opened by finger frac-
ture and then by stretching the opening, preferably in the
transverse direction (to avoid damage to the bladder dur-
ing the pull), or carefully in the cephalocaudal direction,
until the lower uterine segment is adequately exposed
(Figure 2.18). This type of abdominal opening has many
advantages:

® Rapid extraction of the fetus [17]

® Shorter total duration of the intervention [18-22]

® Extremely limited blood loss [19,20,23]

® Reduction in postoperative pain [19,21]

® Rapid mobilization and recovery of the intestinal tran-
sit of the patient [22]

® Reduction in postoperative morbidity [15,16,18]

® Less suture material used [22,23]

® Shorter period of hospitalization [16,22]

As Stark explains, the rationale for using the Joel-
Cohen laparotomy, and in particular the stretching of the
abdominal wall tissues, is that many anatomical struc-
tures include vessels and nerve fibres that have a certain
degree of elasticity. This stretching method opens tissues
without causing lesions and, after the lateral traction, the
still-intact blood vessels can frequently be seen running


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-3&iName=master.img-014.jpg&w=180&h=293
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-3&iName=master.img-014.jpg&w=180&h=293
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-3&iName=master.img-016.jpg&w=192&h=240
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-3&iName=master.img-016.jpg&w=192&h=240

18 Laparotomies and cesarean delivery

Figure 2.8 (a) Incision line of the Mackenrodt-Maylard laparotomy. (b) Mackenrodt-Maylard laparotomy: the left rectus muscle
transverse section with electric scalpel. ([a] Modified from Malvasi A, Di Renzo GC. Semeiotica Ostetrica, Rome, Italy: CIC Edizioni

Internazionali; 2012.)

from one wall of the laparotomy breach to the other. The
blood vessels and nerve fibres are attached like musical
instrument strings and can be easily moved from their seat
without bleeding and with minimal tissue damage.

Even though there is wide consensus on this type of
technique, some authors stress that the Pfannenstiel tech-
nique should not be considered outdated. Franchi and col-
leagues in a randomized study have not noticed significant
statistical differences in the duration of the intervention,
in intra- and postoperative complications, and in neona-
tal neurological development between the Pfannenstiel
and Joel-Cohen techniques [17]. The authors conclude that
even though the fetus can be extracted more quickly in
the Joel-Cohen technique, there are no advantages for the
mother or fetus, and that therefore one technique can-
not be preferred over the other. In the Joel-Cohen tech-
nique the incision is higher and less aesthetic than in the

traditional technique. This problem, however, has also
been studied by Stark who modified the technique and
lowered the cutaneous incision line.

The longitudinal incision has traditionally been used to
carry out a cesarean delivery [24]. From a surgical point of
view, in the longitudinal incision the abdomen is cut from
the pubic symphysis to the navel for a length of at least
15 cm (Figures 2.19a, b, and ¢). If necessary, a wider open-
ing can be achieved by extending the incision and moving
around and to the left of the navel (Figure 2.20). In a simi-
lar manner, subcutaneous tissue is sectioned with a scalpel
blade or with an electric scalpel to limit and control bleed-
ing (Figures 2.21a and b). The incision is extended to the
aponeurosis, while checking the terminal branches of the
external pudendal and superior epigastric arteries for any
bleeding. Once the fascia along the linea alba is exposed, a
short central segment is cut (Figure 2.22). After the fascia
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Figure 2.9 The Cherneyn laparotomy: the rectus muscles were sectioned at the pubic bone insertion. This laparotomy is per-
formed at cesarean delivery in case of placenta accreta and/or increta.

Figure 2.10 Hypertrophic skin removal with scissor during
repeat cesarean delivery.

is separated from the rectus muscles, thus creating a “tun-
nel,” it is divided vertically for a length equal to the cuta-
neous incision.

The rectus muscles must be separated by blunt dis-
section, for example, with closed scissors and then, to
complete, with the index fingers. If the separation takes
place exactly along the connecting line, there will not be
any blood loss (Figure 2.23). Widening the muscle ven-
ters exposes the transversalis fascia, the deep layer of the
transverse muscle that covers the preperitoneal fat. After
carefully dividing it, expose and then cut the peritoneum.

The urachus that runs along the external side of the
peritoneum from the navel to the bladder indicates the
median line to be followed during the incision (Figure
2.24). This type of access to the abdominal cavity is applied
vertically to the various layers of the abdomen and pro-
vides wide exposure of the operating area. The incision
is quick, simple, and results in less blood loss than in the
transverse incision due to the smaller number of vessels in
this area (Figure 2.25). It has the advantage that it can be
extended should it become necessary during the interven-
tion. For this reason it is occasionally preferred in obese
or weak patients, or in an emergency. This type of access
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Figure 2.11 Laparotomies of (a) Joel-Cohen, (b) Pfannenstiel, and (c) lower Pfannenstiel. (Modified from Malvasi A, Di Renzo GC.
Semeiotica Ostetrica, Rome, Italy: CIC Edizioni Internazionali; 2012.)

is also preferred when the cesarean delivery is carried out
with local anesthesia [25]. This incision however is at high
risk of postoperative dehiscence and incisional hernia [2]
due to the limited strength of the aponeurosis along the
median line, and to the stress on the wound that originates
from the contraction of abdominal muscles and from the
intra-abdominal pressure increase that inevitably follows
a laparotomy.

Figure 2.12 Joel-Cohen laparotomy at cesarean section: Figure 2.13 Stretching of subcutaneous tissue in the inci-
skin incision and fat fissure incision at central laparotomy area. sion area with fingers index up and down.
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Figure 2.14 section of the anterior fascia layer with Mayo
SCissors.

The linea alba is formed by the fusion of the terminal
aponeurotic fibers originating from the external oblique,
internal oblique, and transverse muscles on both sides of
the abdomen. It is therefore the thinnest and weakest part
of the fascia. The sagittal delivery of this structure would
result in greater anatomical damage. Even a thorough
reconstruction may be inadequate and create conditions
that might favor, or even cause, dehiscence of the wound.

/_/‘7

Figure 2.15 Caudocranial stretching of the fascia to make
the next maneuver easier.
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Figure 2.16 Sstretching of abdominal muscles at cesarean
delivery.

Inadequate vascularization along the median line does
not help in achieving a quick and effective consolidation
of the edges. The aesthetic result of the vertical incision
is certainly not as satisfying as that of the transverse
incision.

The paramedian incision is performed laterally to the
median line, usually on the right. The anterior sheath of
the rectus muscle is divided and isolated up to the con-
necting medial margin with the contralateral muscle.
However, this type of incision is not widely used as it
greatly alters the innervation and vascularization of the
medial segment of the corresponding rectus muscle. This
incision is certainly more solid than the median one [26];
however, the aesthetic result of the scar is not satisfactory.
Other transverse laparotomies are used during a cesarean
delivery.

The general principle behind these other laparotomies
and/or their variants is to perform a low cutaneous inci-
sion, to move the subcutaneous fatty tissue upward, and
to deliver the fascia as high as possible, in order to have
sufficient access to the operating field.

The Kustner laparotomy, described in 1896, consists
of a transverse incision that involves only the skin and a
vertical incision of the underlying layers. [27]. The cuta-
neous incision is performed in the suprasymphyseal area.
The subcutaneous tissue is detached and mobilized crani-
ally. The fascia is cut longitudinally along the linea alba
in order to separate the rectus muscles along the median
line. The parietal peritoneum is cut in a similar longitudi-
nal manner (Figure 2.26).

This incision is preferred for aesthetic reasons, but it
is not surgically advantageous as the operating field has
a limited view compared to the Pfannenstiel laparotomy
[28]. The low Pfannenstiel laparotomy (Nichols DH):

...in patients in which it is essential that the incision be
as concealed as possible the surgeon can perform a “low
Pfannenstiel,” during which the incision is carried out a
finger width below the pubic hair. The abdominal wall
and the subcutaneous tissue are separated in the cranial
direction from the rectus fascia which can be cut trans-
versely as in the classic Pfannenstiel... [29].
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Figure 2.17 Bimanual stretching with the handsoverlapped, by surgeon and assistant, during laparotomy.

An important phase of the modified laparotomy is
the preparation of the fascia, as accurately described by
E. Novak:

...detach the fascia from the rectus by blunt disdelivery
until there are four deep pockets; pull the Allis clamps
upwards two by two, first the upper ones then the lower
ones, and then cut the linea alba connective tissue, lon-
gitudinally, respectively, at the top as close to the navel
as possible, and at the bottom at the symphysis. The
pyramidal muscles are not to be detached from the fas-
cia... [30].

The modified Joel-Cohen laparotomy that we perform
has the following surgical phases:

1. Transverse cutaneous incision 12-15cm long: per-
formed 99 times on the Bumm suprapubic skinfold, 32
times one finger width below the pubic hair line (a “low”
Pfannenstiel).

Lower incisions were performed only after a thorough
preoperative ultrasound examination.

The purpose of separating the incision location in three
groups, while using in each case the “stretching” tech-
nique, was to verify the increasing difficulty of the abdom-
inal opening compared to Joel-Cohen.

® The subcutaneous tissue is cut with an upward beveled
incision, along the median line transversely for 3 cm
(Figure 2.27). At the same time the operator, with the

Figure 2.18 Parietal peritoneum opened with fingers transversely and longitudinally to avoid bladder couple injuries. (Modified

from Malvasi A et al., J Matern Fetal Neonatal Med 2007.)
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(a)

Figure 2.20 Up-extension of longitudinal laparotomy
with excision left around umbilicus: (a) incision of Joel-Cohen;
(b) Pfannenstiel incision

index finger of the other hand, performs a finger frac-
ture of the subcutaneous tissue in an upward median
direction for 3 cm (Figure 2.28) until exposing the fas-
cia (Figure 2.29). Then, while the assistant lifts upward
and in the cranial direction the upper edge of the inci-
sion, the operator cuts the fascia with the scalpel along
the median line (Figure 2.30) for 3 cm (for 5-6 cm for
thick subcutaneous tissue).

It is important to note that due to the beveled open-
ing of the subcutaneous tissue, the fascia incision is well
above the level of the cutaneous incision.

® After reopening the edges of the fascia with two Kocher
forceps, perform an endoscopic incision with straight
Mayo scissors (Figure 2.31) (if curved, the tips should
point up along the direction of the fascia fibers). However,
the cut must be extended for 4 cm beyond the cutaneous
incision so that the opening of the fascia layer is larger
than the cutaneous one (the reverse cone incision).

® Observe the median raphe of the pyramidal muscles
(the lower the fascia incision, the farther one is from the
fibrous apex of the pyramidal muscles). After inspecting
and digitally isolating this fibrous union (Figure 2.32),
one or two Mayo scissor snips are enough to cut through

Figure 2.19 (@) Longitudinal skin incision at longitudi- (Figure 2.33) and then “tunnel” up with the index finger
nal laparotomy during cesarean delivery, extended 15 cm until reaching the medial edges of the rectus muscles.

from pubic symphysis. (b) Incision of skin scar in longitudinal ® The surgeon then performs a slight “stretching” in the
laparotomy during repeat cesarean delivery. (c) Excision and caudal cranial direction, pulling slightly more in the
removal of the skin scar longitudinally during repeat cesarean cranial direction and performing a blunt detachment of

delivery. the pyramidal muscles (Figure 2.34).
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Figure 2.21 (a) Longitudinal laparotomy: section of the skin
and subcutaneously with scissors. (b) Longitudinal laparotomy
at cesarean delivery and hemostasis with electric scalpel.

® Although disapproved by Stark [14,18,30], this maneu-
ver does not actually modify the vascular anatomy of
the abdominal wall because of the lower incision and
the small pulling force.

® This is followed by the combined midlateral “cross
stretching” performed by surgeon and assistant, as
described by Joel-Cohen (Figure 2.35). The combined
vertical and horizontal stretching has given it the “cross
stretching” name.

® After “stretching” the surgeon checks the wideness of
the breach and opens the peritoneum by finger fracture
(Figure 2.36).

® Once the fetal extraction, placental removal, uterine
externalization, and cleaning of the cavity are com-
pleted, suture only the fascia and skin.

Figure 2.22 Longitudinal laparotomy and alba-line of the
fascia incision with scalpel.

Figure 2.23 Gentle stretching of rectus muscles, to epi-
gastric vessels, avoiding the injuries in longitudinal laparot-
omy. (Modified from Malvasi A et al. Rome, Italy: CIC Edizioni
Internazionali; 1998.)

The Joel-Cohen laparotomy, applied by Stark to the
cesarean delivery following the Misgav Ladach method,
has had two main comparisons over the years: the
Pfannenstiel laparotomy and the unavoidable modifica-
tions in surgical techniques, by several authors, brought
about by the aesthetic and functional requirements which
vary in relation to the social context of the pregnant
woman and gynecologist. Moreover, studies described
in literature frequently compare the traditional cesarean
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Figure 2.24 Incision with scalpel of the parietal perito-
neum scarred in repeat cesarean delivery.
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delivery with the Misgav Ladach method, thereby includ-
ing the Pfannenstiel and Joel-Cohen laparotomies. Thus
the study is subject to a—at times—high number of
variables, in comparison to which the differences due to
laparotomies do not appear as significant in terms of intra-
operative and postoperative course.

Given the extensive use of both the Joel-Cohen laparot-
omy and its modifications, it seems appropriate to sum-
marize the current situation by looking at the literature
(Table 2.1). Ansaloni et al. [39] have in fact observed a
shorter surgery duration and fewer infections (6.2% in the
first versus 20% in the second with p = 0.01) in the Misgav
Ladach technique compared to the traditional technique.
Moreira et al. [40] have observed that the time between
cutaneous incision and fetal extraction is significantly
shorter for Misgav Ladach (5 minutes and 26 seconds ver-
sus 6 minutes and 20 seconds). They have also conducted
a cost-benefit analysis in the maternity and gynecological
clinic in Dakar (Senegal), which showed a 15 Euro reduc-
tion in costs in the Misgav Ladach technique compared to
the traditional technique. The Misgav Ladach technique
was introduced in Italy in 1996 [41]. The same-year results
from an Italian multicentric study on 1356 operations
showed, among other results, that the Joel-Cohen laparot-
omy was superior in terms of surgical duration and fetal
extraction [42].

The Misgav Ladach method, in fact, contains two inno-
vative principles: the Joel-Cohen laparotomy and the non-
closure of the peritoneum, both of which have also been
assessed and described by other authors. Lorentzen et al.
[43] maintain that the peritoneum closure in laparotomies

Figure 2.25 The longitudinal laparotomy permits optimal exposure of the uterus uterine wall in case of urgent cesarean

delivery.
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Figure 2.26 Kustner laparotomy: transverse incision of the skin in the suprasymphyseal zone, dissection of the subcutaneous
tissue and cranial incision band longitudinally along the central line, separating the rectus muscle in the midline; longitudinally

incised similarly the parietal peritoneum.

is based more on common practice than on scientific evi-
dence. Holmgren et al. [44] have confirmed the impor-
tance of the Joel-Cohen laparotomy in the Misgav Ladach
method in terms of surgical duration, blood loss, fetal
extraction, and postoperative morbidity. Lazarov et al.
[45] have assessed the advantages of not suturing the peri-
toneum and visceral parietal in 170 gynecological lapa-
rotomies and 45 cesarean sections.

Darj and Nordstrom [19] have demonstrated that the
Misgav Ladach surgical phases are shorter than the tra-
ditional method (12.5 minutes versus 26 minutes). This
reduction is especially true in the Joel-Cohen laparotomy,
so much so that the authors liken it to the “Pfannenstiel
method.” Popiela et al. [46] state that the Misgav Ladach
technique compared to the Pfannenstiel cesarean delivery
(traditional cesarean section) shows a reduction in surgi-
cal duration, hospitalization, and postoperative morbid-
ity. Zienkowicz et al. [47] have noted that the opening
of the abdominal wall with the Joel-Cohen laparotomy
causes less trauma and therefore has a shorter convales-
cence. Gaucherand et al. [48] report a statistically sig-
nificant lower incidence of abdominal wall hematomas in

the Joel-Cohen laparotomy compared to other transverse
laparotomies during a cesarean delivery.

In Italy, Grignaffini et al. [49] and Corosu et al. [50]
modified the Misgav Ladach method (Stark method) by
performing a Pfannenstiel laparotomy instead of a Joel-
Cohen, whereas Messalli et al. [51] have shown the superi-
ority of the Stark method to the traditional one.

Li et al. [52] carried out further technical modifications
to the Misgav Ladach, consisting of a 2-3 cm transverse
incision of the fascia, an incision of the uterine segment
directly on the visceral peritoneum, double-layer suturing
of the uterine breach, and continuous suture of the skin.

Fatusic et al. [53] report a lower incidence of abdomi-
nal wall infections in Misgav Ladach versus the tradi-
tional method (4.54% versus 9% with p < 0.05). Instead
Studzinski [54] does not report differences in the two
methods in terms of wall infections. Redlich and Koppe
[55] have, similarly, not observed in the two laparotomies
significant differences in the formation of hematomas.
Gaucherand et al. [48], on the contrary, have seen a reduc-
tion in parietal blood pools in the Joel-Cohen laparotomy,
as have Heidenreich and Borgmann [56].
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Figure 2.27 Joel-Cohen modified laparotomy: the sub-
cutaneous tissue incised with a scalpel on the median line
for 3 cm transversely upward. (Modified from Malvasi A et al.
Rome, Italy: CIC Edizioni Internazionali; 1998.)

Figure 2.28 Joel-Cohen modified laparotomy: the first
operator uses the index finger of one hand to simultane-
ously detach the subcutaneous tissue and with the other fin-
gers, 7-8 cm upward. (Modified from Di Renzo GC. Trattato di
Ostetricia e Ginecologia, Rome, Italy: Verduci Editore; 2009.)
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A study on the preferred surgical techniques of English
gynecologists carried out by Tully et al. [57] has shown
that the Pfannenstiel laparotomy is normally preferred
in cesarean sections, though Joel-Cohen laparoto-
mies are carried out in emergency cases. Olezczuk et al.
[58] note the superiority of the Joel-Cohen laparotomy
over Pfannenstiel even in cesarean sections with twins.
Following its description [14], the Joel-Cohen laparotomy
has also been adopted in gynecology and has undergone
modifications [59].

CLOSURE OF THE ABDOMINAL WALL

Traditionally the abdominal wall closure is performed by
layers.

® The suture of the peritoneum, along with that of the
transversalis fascia, starts from the upper margin
(Figure 2.37).

® A continuous suture is usually employed (e.g., Vicryl 2.0
or 3.0).

® The suture line on the internal surface of the perito-
neum must remain as smooth as possible. This prevents
adherence to the omentum and to the intestinal loops.

® The suture must therefore be carried out so that the two
internal sides of the serosa are brought together due to
eversion of the peritoneal margins.

® The rectus muscles are brought together with a suture
that brings the edges into contact. The suture is not
as that might damage fibers and cause postoperative
hematomas.

® In the Mackenrodt-Maylard technique the muscle ven-
ters obviously need to be sutured. If hemostasis of the
muscular fascia is insufficient subfascial drainage may
be required [60].

® The aponeurotic fascia is then closed with a continuous
suture (Figure 2.37).

® Some authors prefer separate stitches when there is a
risk of wound dehiscence.

® The subcutaneous tissue and skin are then sutured. The
skin can be closed with different techniques: detached
nonabsorbable stitches, absorbable or nonabsorbable
intradermal sutures (Figure 2.38), metal staples, or bio-
logical glue.

® The method and type of opening during a cesarean
delivery have been the source of controversy as has been
the closure of the abdominal wall.

® One of the most debated issues is the closure of the
peritoneum.

In the 1970s Ellis and colleagues had an unfavor-
able opinion on peritonization [61]. According to these
authors, the peritoneum must not be sutured, because it
closes spontaneously and reforms rapidly thus avoiding
any adhesion.

Experimental studies conducted on animals have in fact
shown that suturing the peritoneum increases tissue isch-
emia, necrosis, inflammation, and foreign-body reaction
to suturing materials. In fact Elkins and colleagues [62]
have examined histological samples at 4, 8, 12, 24, and 48
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Figure 2.29 Joel-Cohen modified laparotomy: lateral stretching of the subcutaneous to highlight the fascia. (Modified from
Malvasi A et al. Rome, Italy: CIC Edizioni Internazionali; 1998.)

Figure 2.30 Joel-Cohen modified laparotomy: while the assistant raises the upper edge of the incision, the operator with the
scalpel cuts the fascia in the midline for 3 cm (if the subcutaneous is fat also for 5-6 cm).

Figure 2.31 Joel-Cohen modified laparotomy: the edge of the fascia is incised with Mayo scissors, with the finger guide that
separates them from the muscular tissue.
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Figure 2.34 Joel-Cohen modified laparotomy: stretching
of the muscle in caudal-cranial direction; by pulling cranially it
dissects bluntly up the pyramidal muscles.

Figure 2.32 Joel-Cohen modified laparotomy: digital
insolation of the fibrous bridge median to the rectus muscles.

Figure 2.35 Joel-Cohen modified laparotomy: medial-
lateral combined stretching between the operator and the
Figure 2.33 Joel-Cohen modified laparotomy: resection assistant, as indicated by Joel-Cohen, the combination of verti-
with scissors of the fibrous bridge. cal and horizontal stretching is called “cross stretching.”
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Figure 2.36 Joel-Cohen modified laparotomy: “cross
stretching” combined with the opening of the peritoneum by
finger fracture.

hours and at 5, 7, and 14 days following peritoneal damage
on rabbits. The authors comment:

...no superficial fibrin was visible approximately 24
hours after the intervention and other reactions gradually
diminished over time, except in the electrocauterisation
areas in which the reactions continued during the three
weeks of the study. The peritoneal excision area without
suturing showed a decrease in necrotic tissue within 24
hours, and within 48 hours the tissue that was first dam-
aged showed fibroblasts and consistent mesothelial integ-
rity, that is, peritonization....

These factors may slow the recovery process and are
important precursors to adhesion; peritoneal margins
instead repair quickly without suture, with a low risk of
infections and with adhesion less likely. Various stud-
ies in literature are therefore against the closure of the
peritoneum [63,64]. The cesarean delivery according to
Stark does not involve the closure of the visceral and
parietal peritoneum. Studies performed by this author
show a significant reduction in postoperative adhesion
compared to the traditional technique [65]. Also shown
is a reduction in postoperative morbidity: 7% in the Joel-
Cohen technique versus 19.8% in the Pfannenstiel pro-
cedure [18]).

There is no general agreement in literature on the out-
come of peritonization.

Chanrachakul and colleagues, in a randomized study
on 60 patients who underwent a cesarean delivery with
longitudinal incision, have not seen any difference in post-
operative pain between a sutured and nonsutured perito-
neum [66]. These authors have also not observed variations
in terms of surgical duration, incidence of postoperative
complications, recovery of intestinal transit, and length of
hospital stay.

Pietrantoni and colleagues have also not observed dif-
ferences between sutured and nonsutured peritoneum in
a prospective study on 248 cesarean sections according to
Pfannenstiel. Only surgical durations were significantly
reduced (48.1 + 1.2 minutes for the open group versus
53.2 + —1.4 minutes for the closed group p < 0.05).

This study did not show any difference in terms of
immediate or long-term postoperative complications,
endometritis, and recovery of intestinal transit and length

Table 2.1 Several of the transverse laparotomies less frequently used during a cesarean delivery,

in addition to the ones described previously.

Author Surgical procedure Year
Novak [29] Transverse incision on the upper edge of the pubic symphysis 1973
Subcutaneous incision with upper detachment of 4 cm and opening of
the fascia at the same level (or as high as possible)
Stark [15] Transverse skin incision 1994
2-cm incision
Along the median line of the subcutaneous tissue
Endoscopic transverse delivery of the fascia
Stretching of the subcutaneous tissue and muscles
Turner-Warwick [31] V-shaped incision 1974
Transverse incision of skin and cutaneous tissue in Pfannenstiel position
Fascia cut with a V-shaped incision with apex pointing down
Rectus muscles and peritoneum sectioned longitudinally
Pandolfo, Malinas, and colleagues [32] Skin incision with low concavity and subsequent opening of layers, as 1977
in Pfannenstiel
Mouchel [33] Transverse incision of all layers, including the rectus muscles 1981
immediately above the pyramidal muscles
Racinet and Favier [34] “Inverted cone” incision: fascia opened laterally 3 cm beyond the 1984
Chow [35] cutaneous incision 1983
Ferrari [36] Lower Joel-Cohen cutaneous incision 1996

Malvasi and colleagues [37,38]

Cross stretching (Figure 2.36) 1997
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Figure 2.37 Suture in the transverse laparotomy for closing the abdominal wall: suture of the fascia.

of hospital stay. There was, however, an increase in the
exposure to anesthetics and in costs, to the point that
authors advise to leave the parietal peritoneum open.
Pietrantoni and colleagues [67] estimate that the cost of
a single suture of the parietal peritoneum (36-in 3.0 poly-
glactin) is $14.30—15.1% of the total cost of a cesarean

delivery, thereby saving approximately $100,286 a year in
sutures, surgical durations, and anesthesia.

Cochrane Library has also published a review on this
subject [68]. Nine clinical trials were examined, for a total
of 1811 patients who underwent a cesarean delivery during
which the visceral and/or parietal peritoneum was either

Figure 2.38 skin and the subcutaneous tissue intradermal suture.
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sutured or not sutured. The purpose of the review was
to highlight differences in intra- and postoperative out-
comes, both immediate and long term. In terms of results,
it should be noted that

® Surgical duration decreased when neither or one of the
two layers were sutured: the nonclosure of both layers
shortened the intervention by 7.33 minutes.

® The incidence of febrile complications and the period of
hospitalization were significantly reduced when either
both layers were not closed or only the visceral perito-
neum was closed.

® The trend regarding the need for analgesia and the inci-
dence of parietal infections points to the nonclosure as
being preferable.

® Data pertaining to endometritis are highly variable.

No other statistical difference has been noticed. The
long-term follow-up analyzed in a single clinical trial did
not show significant variations. The reviewers came to the
conclusion that

® The short-term outcome of patients improves if the peri-
toneum is not closed.

® Long-term studies are limited, though results obtained
from other procedures support the need to not suture
the peritoneum.

® Currently there is no evidence that supports the time
and costs needed for a peritoneum closure.

Although laparotomies are becoming less frequent,
when they are carried out—as opposed to the parietal
peritoneum which can be done with a continuous suture
(Figure 2.39)—the interrupted suture of the fascia is pre-
ferred (Figure 2.40) as there is a greater tendency toward
dehiscence.

With regard to the abdominal rectus muscles, Michael
Stark holds that the muscular venters must not be sutured.
A study conducted by the same author has highlighted
how, in this procedure, a simplification of the interven-
tion and a reduction in surgical duration does not result
in an increase in morbidity and in postsurgical pain [65].
In the technique according to Stark the intervention is
completed by suturing the subcutaneous tissue and skin
with three Donati stitches; four Allis clamps are applied
on the skin edges and are removed after 5-7 minutes
(Figure 2.41).

Figure 2.39 Continued suture of the visceral peritoneum
in the longitudinal laparotomy.

Figure 2.40 Apposition of the abdominal muscles in the
course of the longitudinal laparotomy.
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Figure 2.41 In cesarean delivery using the Stark technique, the intervention ends by suturing the subcutaneous tissue and skin
with three Donati points; four Allis clamps are then applied on the skin edges, which are subsequently removed after 5-7 minutes.

The usefulness of subcutaneous tissue closure has been
reassessed. Studies conducted on animals, in fact, had led
to the belief that closure of the Camper fascia with the
addition of extraneous materials might predispose the
wound to infections and facilitate postsurgical dehiscence.
However, literature has not confirmed this experimental
data: there are no clinical studies on humans that have
substantiated this hypothesis [69].

Not closing the Camper fascia instead might result in an
increased risk of seroma and hematomas, as well as facili-
tate superficial wound dehiscence. From this point of view,
pregnancies, due to the vascularization and edema of tis-
sues, are at particular risk. Moreover, pathologies such as
preeclampsia may increase the deposit of extracellular flu-
ids and predispose the patient to a hemorrhagic diathesis.

A randomized clinical trial was carried out on 438
patients in whom the nonclosure of subcutaneous tissue
was compared to synthesis by means of continuous suture
with absorbable suture material. Closure of the fascia
Camper proved to be better as it is associated with a lower
incidence of wound dehiscence [70].

Similar studies have been conducted on obese patients,
well known to be at risk of dehiscence of the laparotomy
scar [71]. Results have shown how, even in this instance,
closure of the subcutaneous tissue reduces the incidence
of wound dehiscence, seroma formation, and infections.

Cochrane Library reviewers have also contributed their
opinion on this matter [72]. Seven trials were analyzed, in

which 2056 patients underwent a cesarean section. The
intent of the review was to highlight differences in post-
surgical outcomes, both short and long term, in relation to

® Different techniques used for the stitching of the muscle
layer

® Closure or nonclosure of the Camper fascia

® Different surgical techniques and materials employed in
the suturing of the Camper fascia

The results show that

® The risk of hematoma and seroma is reduced with the
closure of the Camper fascia.

® The overall risk of parietal complications (hematomas,
seromas, infections, dehiscence) is also reduced with
the suturing of the subcutaneous adipose tissue.

® There was no difference in the incidence of parietal
infections.

® There are no long-term data available.

® There are no studies available regarding different tech-
niques or suture material used for the closure of the
muscle layer or Camper fascia.

The reviewers therefore came to the conclusion that the
closure of the Camper fascia reduces parietal complica-
tions. Given what we currently know, it can be stated that
the closure of the subcutaneous tissue, even though sur-
gical durations are somewhat lengthened, should be rec-
ommended as it has significant advantages, especially in
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obese patients. It is, however, difficult, in light of how few
studies are found in literature, to pass judgment on skin
suturing methods.

A Cochrane Library review studied the effects of tech-
niques and suturing materials used for cutaneous synthe-
sis and the time needed to complete these techniques [73].
A single randomized study was selected by the authors:
the closure of the skin with staples was compared to intra-
dermal suture with absorbable material [74]. Although
surgical durations were shorter in the first method, the
intradermal suture reduced the postsurgical pain and had
better aesthetic results.

Due to the limited information currently available, the
best method for skin closure after a cesarean delivery can-
not be conclusively determined.

The Cochrane Library has published a review on the
topic of parietal drain [75]. The purpose of the study was
to determine the effects of parietal drain and to compare
the different types of drain. Seven studies were chosen in
which 1993 patients underwent a cesarean delivery. These
were the results:

® The use of drainages did not determine any differ-
ences in the risk of infection, febrile morbidity, and
endometritis.

® There is some evidence that indicates that when drain-
age is not used, the cesarean delivery is shortened by
5 minutes and that there might be a slight decrease in
blood loss.

The reviewers therefore concluded that

® There is no evidence that the regular use of parietal
drainage is beneficial to patients who undergo a cesar-
ean delivery.

® In light of the limited number of selected studies, it
cannot be determined whether drainage is useful when
hemostasis is deemed insufficient.

® There is no data on which type of drainage is best.

CONCLUSIONS

Every surgical procedure is composed of hundreds of
movements, every gesture has a purpose, meaning and
history. It is important to examine each phase of every
intervention in order to determine its necessity and effec-
tiveness in relation to its purpose... [15].

With these words spoken at the World Congress of
Obstetrics and Gynaecology in 1994, Michael Stark intro-
duced a new type of cesarean delivery, which soon became
known as the “cesarean delivery according to Stark.”

This technique, based on the stretching philosophy,
has undeniable advantages, but also disadvantages, which
must be carefully assessed during the surgical choice. In
this regard, it must be stressed how the limited visibil-
ity of the pelvis may be a reason to choose traditional
techniques, especially in an emergency situation or when
wide exposure of the operating field is needed, such
as for anomalies in the fetus, twin pregnancy, or fetal
macrosomia.

The aesthetic outcome should not be underestimated, as
the Joel-Cohen incision is higher on the abdominal wall
compared to the Pfannenstiel incision. The Michael Stark
technique, in which a lower cutaneous incision is per-
formed, is currently being used to overcome this problem.

The advantages of the cesarean delivery according to
Stark, mainly due to rapid execution and to better results
in terms of maternal morbidity, suggest that this technique
may become more common in the future.

The ideal laparotomy is chosen by the surgeon to achieve
an optimal incision, easy fetal extraction and rapid suture
of the uterus.

Currently transverse laparotomies are commonly used
during cesarean deliveries, even in repeated ones [76].
Longitudinal laparotomies are reserved for repeated lapa-
rotomies or for special cases, as in the presence of myomas
or pathological placentation, or for combined interven-
tions, as later hernias and laparocele ventral hernias are
more frequent [77].

Until 20 years ago the preferred transverse laparotomy,
among those who practised cesarean deliveries, was the
Pfannenstiel [78]. This method has been modified in an
attempt to lower the transverse incision and therefore
achieve a more aesthetic result. At times, the Pfannenstiel
overlaps with the Kustner laparotomy, which is more
widely used in gynecological interventions. The low inci-
sion of the skin results in a greater upward detachment
of the muscle fascia layer. In the Pfannenstiel laparotomy
this inevitably involves perforator vessels, branches of the
superficial epigastric artery, which may cause hemostasis
and resulting complications.

In obese patients and in the presence of associated
uterine pathologies, for example myomas, the Cherney
or Maylard incision can occasionally be performed, with
transverse delivery of the abdominal wall muscles [77,79].
However, the Joel-Cohen laparotomy has become more
common. This laparotomy consists of a central incision of
the subcutaneous tissue along a front and upper transiliac
line, which falls below the arched line—that is, in the area
in which the rear fascia of the rectus muscles is particu-
larly thin [80].

Performing a central incision at this level makes it pos-
sible to perform a mid-lateral separation of the tissues of
the abdominal wall without the need for excessive inci-
sions, as is the case for the Pfannenstiel laparotomy [81].
The stretching of tissues also results in the mid-lateral sepa-
ration of the vascular branches of the superficial epigastric
arteries, which usually remain intact up to the end of the
laparotomy. An incision at this level also allows for hyster-
otomy and fetal extraction without the use of retractors,
along with suture and uterine externalization. Furthermore,
a common practice is to not suture the parietal peritoneum
or muscles and, generally, to fit together skin and subcuta-
neous tissue with two or three stitches [81-88].

An always more frequent problem, especially in indus-
trialized countries, is the cesarean delivery in obese and
diabetic patients, and their outcome. In these cases it is
preferable to perform a fascia suture with separate stitches



to avoid dehiscence and postsurgical laparocele ventral
hernias. Another problem in these patients is the healing
of the fatty subcutaneous tissue, for which some believe it
is useful to add surgical drains in the subcutaneous tissue.
Some authors believe that in these patients it is unneces-
sary to perform a multilayer stitch of the subcutaneous
tissue, rather it is sufficient to fit together the edges of the
Cooper fascia, especially evident in obese patients, with-
out significant hematomas, adiponecrosis, or dehiscence.
Skin suturing did not show any difference among the
various techniques, including conventional sutures and
staples [89].
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and GIAN CARLO DI RENZO

...In case of a difficult birth the sides of the
woman are cut and from the opening the
fetus is extracted...

(Maimonides, 1135-1204)

HISTORICAL NOTES AND EVOLUTION

In the collective imagination, the uterine delivery coin-
cides with the cesarean delivery or abdominal birth. At
the beginning of the eighteenth century, fear of infections
led doctors to develop techniques that would prevent or
at least limit contact between the uterine incision and the
peritoneal cavity. One of the solutions was the extraperito-
neal cesarean delivery.

This method was used for the first time by Ritgen in
1821, unsuccessfully, as the patient died. Skene was the
first to successfully complete this intervention in New
York, in 1876. And in 1907 in Cologne, Frank performed
13 interventions that were successful, as the mothers sur-
vived. Frank’s technique was later improved upon, with
excellent results, by Latzko and Sellheim.

In the 1930s, Americans Waters and Norton further
perfected that which would become the most used extra-
peritoneal technique.

The advent of modern chemo-antibiotic therapies has,
nowadays, basically eliminated this surgical approach.

Most surgeons, initially, performed a longitudinal (verti-
cal) laparotomy to open the uterine cavity (Figure 3.1) [1].

This approach avoided a dangerous lateral disdelivery
and allowed a sufficiently wide opening for safe extrac-
tion of the fetus. Among the disadvantages was potentially
severe bleeding, the possibility of the incision extending
down toward the bladder and vagina, and an increased
risk of uterine rupture in later pregnancies.

In 1871 Vincenzo Balocchi described the longitudinal
hysterotomy technique in the following manner: “..The
uterus is to be cut, layer after layer, until the surface of
the egg is reached; then with the left index finger reach
between the egg and the internal surface of the uterus and
with a rimmed knife cut this viscus, high and low, the
same length as the external wound. Once this is done and
while the assistants make sure to secure the walls of the
venter above it, immediately rupture the membranes and
extract the fetus.”[2]

The author describes in detail how to cut the abdomi-
nal and uterine walls while carefully avoiding the spread
of amniotic liquid into the abdominal cavity, as it was
thought to cause puerperal infections.

In particular, he describes the opening of the uterus
up to the membranes, cut last, the uterine incision of

the front side of the uterus (not the fundus) to improve
wound healing. Above all he describes bringing the
abdominal wall into contact with the uterine wall to
avoid the spread of amniotic liquid into the abdominal
cavity (Figure 3.2).

The longitudinal hysterotomy was certainly a further
step forward in the cesarean delivery technique, espe-
cially compared to the Porro method. As Gall wrote, “As
powerful and ingenious as Porro’s contribution was to
the development of the surgical technique, utero-ovarian
amputation was not the ideal method—as Schroerer cor-
rectly defined it—as it was a transition between the tra-
ditional Caesarean delivery and one that belonged to a
distant future” [3].

In 1882 Kehrer envisaged the possibility of a low trans-
verse incision at the level of the internal cervical orifice.
He believed that a hysterotomy performed at this level
would improve morbidity due to the anteflexion tendency
of the uterus.

Kehrer thus described the low transverse incision on
the lower uterine segment, which is still today accurate:
“The low transverse incision of the uterus also allows
for a smaller cut of the abdominal wall compared to the
traditional method, which required a longer incision, as
the uterine body had to be cut higher. Benefits of a small
incision are evident: intestinal loops do not occupy the
operating zone and the peritoneum is less exposed and,
consequently, less subject to cooling and mechanical irri-
tation” [4].

After a lengthy debate between Sanger and Kehrer,
Sanger was able to publish the innovative hysterotomic
technique in 1881 before Kehrer [5].

The Kehrer incision did not become as popular as the
Fritsch incision, in which a transverse hysterotomy was
performed on the uterine fundus; the subsequent devel-
opment of this technique constituted a fundamental
improvement in modern cesarean delivery techniques.

In 1926 Kerr popularized the transverse incision on
the lower uterine segment, as opposed to the higher tradi-
tional incision [6].

Kerr primarily introduced this method with the aim of
decreasing uterine ruptures in subsequent pregnancies,
but he was also convinced that compared to the low verti-
cal incision, there was a reduction in blood loss, breach
infection, and bladder lacerations.

Many surgeons had previously proposed this technique
at the end of the eighteenth and beginning of the nine-
teenth centuries, but only after Kerr’s publication did the
method gain in popularity and become widely used up to
the present day [1].
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Figure 3.1 Traditional vertical incision of the uterus at full-
term pregnancy.

Figure 3.2 Longitudinal incision of the anterior wall
along its entire surface which reaches the membranes. The
membranes used to be cut only after the abdominal wall
was set against the uterine wall to avoid amniotic fluid from
“contaminating” the abdominal cavity, as it was erroneously
believed at the time that this would result in an infection of
the peritoneum.

Current hysterotomic techniques

The first phase of any hysterotomy is the exposure of the
uterine viscus that will be cut.

The lateral walls can be widened with lateral valves, an
orthostatic retractor, or simply, with a suprapubic valve.

In the past when cesarean deliveries were performed
under general anesthesia, the surgeon could use the
Trendelenburg position to keep the intestinal loops from
the operating field. Conversely, with the current use of
regional anesthesia techniques, the Trendelenburg posi-
tion is not used during a cesarean delivery, because it is
the second operator that, if necessary, keeps the intestinal
loops from the surgical field.

Miyabe and Sato have shown that, during a cesarean
delivery, the Trendelenburg position, compared to the tra-
ditional supine decubitus, is likewise not effective against
sudden cases of arterial hypotension linked to spinal anes-
thesia [7].

Conversely, Setayesh et al. have shown that in elective
cesarean deliveries the Trendelenburg position increases
the onset and spreading to the spine of “single-shot” epi-
dural anesthesia [8].

Once the operating field is adequately exposed it is best
to not apply protective abdominal pads, as they are not
deemed necessary and there is a risk of them not being
removed.

In this regard, Stark, in describing the Misgav Ladach
method, has repeatedly demonstrated that the use of
laparotomy pads is not only useless but is also potentially
harmful for at least two reasons: the possibility of leav-
ing them in the abdomen, and their “abrasive” effect on
the peritoneal surface, which predisposes to postsurgical
intraperitoneal adherences [9]. In fact, in Stark’s review
of the literature, he cites Down’s studies on the foreign-
body effect of laparotomy pads [10,11] while he also refers
to Larsen’s studies on the antibacterial properties of amni-
otic fluid [12,13].

Harrigill et al., with regard to the presence of amniotic
fluid in the abdominal cavity during a cesarean delivery,
have shown that in cesarean deliveries after 37 weeks, irri-
gating with 500-1000 mL of normal saline versus nonirri-
gation does not statistically affect maternal morbidity [14].

In certain cases, however, laparotomy gauze can be used
after it is dampened with saline solution and, in particular,
after securing it to the operating field to prevent it from
being left in the abdomen. If pads, however, are placed
in the abdomen, two are more than sufficient and can be
placed laterally, starting from the exclusion of the right
paracolic gutter, continuing above the hysterotomy and
ending with the left paracolic gutter [15].

However, the application of laparotomy gauze in the
abdomen has not yet been codified in the technical descrip-
tion of cesarean delivery and remains an individual choice
(Figure 3.3). Any uterine rotation must be detected and cor-
rected to avoid an asymmetrical incision of the wall, so that
the prevesical visceral serosa can be cut and downwardly
detached to better expose the lower uterine segment.
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Figure 3.3 Two laparotomy gauzes are applied in the paracolic-uterine gutters; one is applied before the incision of the vesico-
uterine plica followed by another applied before the incision of the uterine wall.

The incision of the vesicouterine fold must take into
account the anatomical characteristics of the lower uter-
ine segment. In fact, differences can be observed in fold
detachment in elective cesarean deliveries compared to
emergency cesarean deliveries.

In the first elective cesarean delivery, the lower uterine
segment has not completed the anatomical modification of
its anterior uterine portion. As a result, the “detachable”
area of the vesicouterine fold is smaller and in a low posi-
tion so that consequently the surgical detachment is dif-
ficult and, if performed close to the adherence area to the
uterus of the visceral peritoneum, may frequently cause
bleeding from the lower uterine segment or from the pre-
vesical vessels.

In these cases, to avoid loose cellular tissue infiltration
from the fold, it is preferable to carry out hemostasis with a
Moynihan clamp by placing a free thread around the vas-
cular mouth (Figure 3.4).

In a cesarean delivery with advanced cervical expan-
sion and pregnant woman in labor, the vesicouterine fold
is clearly visible and can be easily detached from the lower
uterine segment by blunt disdelivery with Mayo scissors
and/or by finger fracture (Figures 3.5 through 3.7). In case

of cesarean delivery, once the expansion is complete, the
fold is edematous and is accompanied by transudate in the
vesicouterine space, which, before the incision, is drained
with a laparotomy pad or aspirator.

In this case the fold is positioned above the uterus, next
to the dome of the bladder and in a high position due to
the extension of the anterior wall of the uterine segment
and the subsequent expansion and leveling of the cervix.
For this reason the parietal peritoneum must be cut in a
higher position to avoid accidental lesions to the bladder.

Before performing the hysterotomy make sure that
the vesical catheter is well positioned and that the uri-
nary bladder has been emptied so that dangerous com-
plications are avoided. In case of obstructed labor with
Bandl’s ring, the fold may be in a higher position, so the
incision must be placed correctly to avoid infamous vesi-
cal lesions [16].

In this regard Racinet and Favier wrote: “Keep in
mind the vesical risk, especially when the intervention is
carried out during labour: locating the urachus is rather
useful: when one is on the urachus one cannot be on the
bladder.... The incision must be carried out decisively,
without hesitation. It involves various layers, since the
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Figure 3.4 Forcipressure and ligation of a prevesical vessel
during the opening of the peritoneal peritoneum at the level
of the prevesical space (Retzius space).

serosa is located in different layers due to the gravidic
edema. A hesitant incision will meet these successive
layers” [15].

During a repeated cesarean delivery the vesicouterine
fold is usually tightly adherent to the anterior side of the
lower uterine segment. Frequently they constitute a sin-
gle entity: Phipps et al. have reported 42 vesical lesions
on thousands of cesarean deliveries (incidence 0.28%),
even though the only significant risk factor seems to
be the previous cesarean delivery (67% versus 32%,
p <0.01) [17].

In case of severe intraperitoneal adhesion, some
authors believe that the extraperitoneal cesarean delivery
technique may be useful. This is however limited to the
surgeon’s degree of familiarity with the technique [18],
because it requires that the bladder be isolated and down-
wardly detached outside of the peritoneal cavity.

Ezechi etal. [19] have observed that there is less bleeding
from the transverse incision when uterine externalization
is achieved after the fetal extraction. In case of iterative
cesarean delivery, the detachment layer between the uter-
ine segment wall and the dome of the bladder (normally
tightly adherent to each other) must be located and the
bladder pushed downward, staying away from both pre-
vesical and newly formed vessels.

Generally, during detachment of the fold, a part of
the anterior side of the lower uterine segment is slightly
exposed, sufficiently enough for the subsequent hysteror-
rhaphy with hemostasis.

In factin the case of anomalous bleeding, which requires
more free space, it is preferable to push the fold down away

Figure 3.5 The vesicouterine plica is held by forceps, lifted
(sagittal section in [a]), and cut with a scalpel blade (sagittal
section in [b]).

from the dome of the bladder to facilitate hemostasis with-
out the risk of accidentally including part of the dome of
the bladder in the uterine suture (Figure 3.8).

When performing a cesarean delivery, some surgeons,
instead, do not consider it practical to cut only the peri-
toneal fold, or to leave it open, but consider it useful to
suture both the uterine muscle and the peritoneal serosa
in a single layer (mass closuring technique).

In light of the above, the vesicouterine fold can be iso-
lated and detached in several ways. However, each of the
described methods, while taking into account variables
tied to tradition, training, and preference of the surgeon,
are logical and surgically valid, as long as the detachment
area between uterus and bladder is located.

For these reasons the vesicouterine fold can be lifted
with surgical clamps in different points, in order to locate
the most detachable area of the uterus (Figure 3.9).
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Figure 3.6 Vesicouterine plica held by forceps, (a) incision
with Mayo scissors, and (b) leftward extension of the visceral
peritoneal incision.

Figure 3.7 The vesicouterine plica is detached through
blunt dissection by widening the outer, noncutting edge of
Mayo scissors.

The fold can then be cut with a scalpel (Figure 3.10)
being careful to point the scalpel blade upward, or it can
be clamped and cut with Mayo scissors (Figure 3.5).

Some obstetricians, especially during an emergency,
prefer to cut the visceral peritoneum together with the
lower uterine segment without performing preliminary
surgery (Figure 3.11).

After incision of the visceral peritoneum a finger frac-
ture detachment of the vesicouterine fold can be performed
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Figure 3.8 The vesicouterine plica adheres to the lower
uterine segment, due to a previous cesarean delivery, and is
detached with Mayo scissors.

in the mid-lateral direction (Figure 3.12). If detachment by
finger fracture of the vesicouterine fold is difficult to carry
out, laparotomy gauze or a swab on a clamp can be used
(Figures 3.13 and 3.14).

Generally, the vesicouterine fold is compressed by the
lower abdominal valve so as to have more room in the
uterine incision area. This is especially true if the uterine
incision is performed in the lower part of the anterior wall
of the lower uterine segment (Figure 3.15).

Figure 3.9 Forceps are used on the vesicouterine plica to
locate the best detachment area.
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Figure 3.10 The vesicouterine plica is held by forceps and
is cut with a scalpel blade.

Figure 3.11 Direct incision with a scalpel blade of the vis-
ceral peritoneum and of the lower uterine segment without
detaching the plica.

Figure 3.12 Digital detachment of the vesicouterine plica

from the external side of the lower uterine segment.

Figure 3.13 Downward detachment of the vesicouterine
plica with the help of a laparotomy pad.

The placenta must first be located by ultrasound scan-
ning before starting the intervention in order to, if possi-
ble, avoid encountering it during the hysterotomy [20,21],
as previously described (Figure 3.16) by Denhez et al. [20]
and Boehm et al. [21].

Once the anterior part of the placenta of the lower uter-
ine segment is located, even when not previa, to prevent
accidental iatrogenic fetal lesions safety surgical maneu-
vers must be performed to reduce bleeding from the
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Figure 3.14 Downward detachment of the vesicouterine
plica that adheres to the lower uterine segment, using a swab
mounted on ring forceps.

incision, which is already highly vascularized by the pla-
cental bed.

These techniques, though operator dependent, require
some common surgical measures.

Some prefer a central incision on the lower uterine seg-
ment without marking a preventive line. This is true espe-
cially for varix that, if cut and bleeding, “hide” and make
it difficult to continue the hysterotomy.

During the incision any bleeding from the placental bed
can be controlled by the surgeon or second operator with
laparotomy gauze pressed on the hemorrhagic vessels, or

Figure 3.15 Exposure of the lower uterine segment.
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Figure 3.16 A transabdominal convex ultrasound probe is
used to locate the placentain relation to the lower uterine seg-
ment before the cesarean delivery is performed.

by draining blood with an aspirator placed on the edges of
the incision (Figure 3.17).

In both cases this avoids an incision being carried out
blindly, especially when the lower uterine segment is
somewhat thick, as in elective cesarean deliveries.

The hysterotomy continues progressively until reaching
the last thin layer of myometrium before the membranes:
at this point, after reducing blood loss from the breach it
is recommended to penetrate the uterine cavity strongly
with the index finger, thus completing the hysterotomy
by blunt disdelivery in a bloodless manner to avoid fetal
lesions (Figure 3.18).

In studying accidental fetal lesions that occur during
cesarean deliveries, Okaro and Anya report a 0.55% fre-
quency and link these to the surgical technique employed
during the hysterotomy [22].

Other safety maneuvers that can be performed during
a hysterotomy include the blunt use of the opposite end of
the scalpel so that during a hysterotomy the membranes
can be identified (Figure 3.19). However, if it is difficult to
widen the uterine breach with fingers, the index and mid-
dle fingers of the left hand (if the operator is right-handed)
can be placed under the uterine wall to cut and the inci-
sion can be extended with Mayo scissors (Figure 3.20).

Before a hysterotomy it is, however, always important to
control the fetal position by touch.

The type of incision depends on numerous factors such
as position and size of the fetus, location of the placenta,
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Figure 3.17 Central incision of the uterine breach: the second operator uses the aspirator to drain any excess blood while the
first surgeon performs the incision.

presence of fibrous tumors, and development of the lower Iffy and Pantages describe two cases in New Jersey of
uterine segment. Erb’s palsy that occurred during a cesarean delivery: one

In light of the above, an important consideration is the occurred after the manual repositioning of the head after
wideness (width) of the hysterotomy so that the fetus can the forceps and ventouse failed, the other occurred during
be extracted without trauma. an elective cesarean delivery with numerous adherences

(a)

Figure 3.18 (aand b) Opening of the uterine breach: the index finger penetrates to the last layer of the myometrium and reaches
the amniochorial membranes.
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Figure 3.19 The tail end of the scalpel is used to open the
uterine breach along its last layer and next to the amniochorial
membranes.

Figure 3.20 If, after the central incision is completed, the
surgeon deems the lower uterine segment to be too thick for
it to be opened digitally, he will laterally extend the incision
using Mayo scissors and will protect the presenting part with
the index and middle fingers of the other hand inserted below
the incision area.
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Figure 3.21 Initial phase of the transverse incision of the
lower uterine segment and detachment of the visceral perito-
neum from the segment itself.

and small uterine breach [23]. Dessolle et al. have shown
that the emergency cesarean delivery is the main cause of
accidental fetal lesions [24].

With regard to the type of hysterotomy, the Kerr inci-
sion with transverse incision on the lower uterine segment
is currently the most common (Figure 3.21) [3].

The Kerr hysterotomy technique has numerous advan-
tages due to the features of the anatomical region in which
the incision is performed: greater elasticity of the myome-
trium, lower blood circulation, lower thickness, and mus-
cle fibers that run parallel to the incision.

This type of hysterotomy provides undeniable advan-
tages, such as simplicity of the suture, less blood loss, less
adherence, and improved wound healing.

The Kerr hysterotomy variants used in obstetrics are the
following: arcuate incision with lower convexity and oblique
diagonal incision of the lower segment (Figure 3.22).

The reason alternative techniques are used is to obtain
incisions that are parallel to the prevalent direction of
the muscle venters so that the fibers are not cut but are
instead separated.

The greatest drawback of the street transverse incision
is the risk of lateral extension with damage to the uterine
vessels that results in severe hemorrhage. This does not
happen with the arcuate incision.

When the transverse incision must be extended, a “J”
or upside-down “T” can be carried out with a scalpel
(Figure 3.23).

Complications observed by these surgeons, result-
ing from the incision extension technique, are shown in
Table 3.1.

Boyle and Gabbe study

As for the lesser-used vertical incision technique, there is
the low vertical incision (according to De Lee) (Figure 3.24)
and the traditional vertical incision (according to Sanger).
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Figure 3.22 ncision of the uterus with exposed lower con-
vexity and sagittal section.

The low vertical incision is performed in the lower part
of the uterine segment, but if necessary it can be extended
to the uterine fundus.

A hysterotomy can be performed in the traditional
vertical incision by cutting the anterior uterine wall up

Figure 3.23 Upward widening of the “T” incision of the
uterine breach.

Table 3.1 Complications related to the low transverse
incision extension technique identified in the 1996 Boyle
and Gabbe study

Complication Number of cases
Insufficiently developed uterine segment 12
Fetus head blocked in mid pelvis 6
Shoulder dystocia 3
Fetal anomalies 2
Placenta praevia 1
Uterine dextrorotation 1
Head entrapment in breech presentation 9
Breech presentation with insufficiently 6
developed uterine segment
Shoulder presentation 5
Vertex and arm composite presentation 3
Second twin shoulder presentation 2
Shoulder presentation, premature rupture 2
of membranes (PROM), oligohydramnios
Transverse/transverse twin 1
Vertex-foot composite presentation 1
second twin
Breech second twin 1
Breech presentation with arm at incision 1
level
Total 56

to the fundus. This technique is rarely used because, as
previously mentioned, it presents a higher risk of mater-
nal morbidity and of uterine rupture in later pregnancies
compared to the low vertical incision and the low trans-
verse incision.

The difference between the low vertical hysterotomy,
limited to the noncontractile part of the myometrium,
and the extended hysterotomy in the higher and contrac-
tile part of the myometrium (longitudinal hysterotomy)
cannot be determined with an objective analysis, but only
subjectively by the surgeon.

The biggest downside of the low vertical incision is
that it can extend to the fundus (becoming a traditional
vertical incision) or down to the bladder, cervix, and
vagina.

In 1998 Halperin reported a 6% rate of dehiscence in
70 pregnancies after a traditional cesarean delivery and no
dehiscence in 70 pregnancies following the transverse inci-
sion of the uterus [25]. Patterson published a retrospective
study in 2003 on over 19,000 cesarean deliveries (Figure
3.26), 98.5% of which were performed with low transverse
incision, 1.1% with traditional technique, and 0.4% with
an upside-down “T” uterine incision: maternal morbidity
(puerperal infections, blood transfusions, hysterectomies,
and transfer to intensive care) was significantly higher in
the “traditional” and “T” incisions compared to the low
transverse incision (Figure 3.25) [26].

Greene et al. [27], due to the greater morbidity and
mortality in the vertical incision and its variants, have
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Figure 3.25 (a) High (complete) longitudinal incision and
(b) upside-down T incision. The arrows indicate the uterine
incisions in cesarean section.

underscored the need to properly inform patients who
undergo this type of cesarean delivery in order to avoid
later medical and legal disputes.

Due to the greater percentage of hysterectomies and
intensive care treatment in the traditional technique, pro-
vided there is sufficient lower uterine segment, it is recom-
mended, even in very premature births, to transversely cut
the uterus and, if necessary, to extend the T incision.
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(b)

The currently accepted prerequisites for carrying out a
traditional vertical incision are as follows:

® Insufficiently developed lower uterine segment for
cases in which extended intrauterine manipulation is
required (e.g., pre-term breech presentation, shoulder
presentation)

® Pathology of the lower uterine segment, which precludes
the transverse incision (e.g., a voluminous myoma)

® Strongly adherent bladder

® Certain anomalous fetal presentations, such as poste-
rior dorsum shoulder presentation

The literature also contains unusual incisions such as
the “J” incision (Figure 3.27) as well as incisions of the
back part of the uterus [28] or on the fundus (as described
by Shukunami et al.), which prevent bleeding from pla-
centa previa [29].

With regard to the type of incision of the uterine part,
the hysterotomy is typically performed with a scalpel.

Various techniques are used to minimize damage to
the fetus during incision of the myometrium even though
none of these have been proven conclusively.

Generally, a hysterotomy is performed with a scalpel by
progressively narrowing the myometrium in a limited cen-
tral area and stretching it upward with gauze or a wad. This
maneuver, commonly used in most operating rooms, pro-
gressively reveals the layers, minimizes bleeding, increases
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8 O Low transverse incision

@O Classic incision

Morbidity

B Tincision

Figure 3.26 Percentage of maternal morbidity in the
Patterson study.

exposure, and facilitates the separation of uterine tissue
from the membranes and skin of the fetus (Figure 3.28). It
has been suggested that the use of a blunt scalpel and ser-
rated blade limits the risk of harm to the fetus, though this
does not seem especially necessary (Figure 3.29) [8].

Another technique is applying Allis clamps to the lower
and upper edges of the myometrial incision, lifting them,
and therefore simplifying the hysterotomy.

Figure 3.27 “)"incision.

Figure 3.28 Gauze on a clamp stretches the first layers of
the myometrium which are cut in the upper part; this reduces
bleeding and facilitates the incision of the deeper layers.

Figure 3.29 Blunt blade scalpel proposed by Ishii in 1999.

Sometimes the barrier is so thin that it can be dissected
by simply pressing the end of the scalpel handle, used as
a blunt blade, or by pressing blunt scissors against it. The
scissors once inside the cavity can be opened by the opera-
tor to widen the myometrial fibers and extend the hyster-
otomy incision (Figure 3.30).

Figure 3.30 Blunt scissors are opened in order to widen
the breach and drain the amniotic fluid.
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Figure 3.31 Blunt widening of the breach with digital
traction.

The maneuver with blunt scissors that opens the inner-
most layer of the myometrium is a delicate technique that
requires surgical experience as it may result in iatrogenic
fetal damage.

Once inside the uterine cavity the incision can be
extended by myometrial delivery with the use of blunt
scissors or by digitally pulling the edges upward and later-
ally (Figure 3.31).

In case of a thin uterine segment, the bilateral digital
pull (Figure 3.32) can be carried out with the index fingers
of both of the surgeon’s hands. In the presence instead of a
thicker segment, as in an elective cesarean delivery, it can
be carried out with the index and middle fingers of both
hands (Figure 3.34) [30].

When the incision on the segment is carried out in an
unusually high position and the segment is not especially
thin, after performing latero-lateral digital traction, some
obstetricians perform a careful caudal cranial pull to
widen the hysterotomy breach (Figure 3.33) [31].

Figure 3.32 Latero-lateral digital widening of the uterine
breach in the cesarean delivery hysterotomy.
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Figure 3.33 Latero-lateral digital widening of the uterine
breach with a careful caudal cranial pull.

In 2002 Magann showed, in a randomized prospec-
tive study on over 900 patients who underwent a cesarean
delivery, that the blunt extension of the breach, com-
pared to an incision performed with scissors, is associ-
ated with a significant reduction in bleeding, transfusions,
and involuntary extension of the breach (Figure 3.35 and
Table 3.2) [30].

However, these data were not reflected in a study con-
ducted by Rodriguez in 1994, which did not show any dif-
ference between the two methods [31].

Hameed et al., instead, have shown that the extension of
the uterine breach with sharp instruments is more precise
and has wide margins of safety [32]. Furthermore, litera-
ture describes the extension of the uterine incision with the
Auto Suture poly-CS automatic stapler: the instrument is
placed between the membranes and the uterine walls after
performing a small hysterotomy; the stapler then creates
two rows of absorbable stitches on the uterine walls, and
the hysterotomy is done between the two stitches in order
to minimize blood loss [33].

However, a randomized clinical study as well as a study
by Cochrane have not shown any significant benefit to this
method that instead increases costs and fetus extraction
time [34].

When the uterine segment is cut and widened, espe-
cially during dystocic labor, the face or ear of the fetus can
be seen. Consequently, all safety maneuvers must be put
into effect to avoid iatrogenic lesions, especially after rup-
ture of the membranes (Figure 3.36).
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Figure 3.34 Latero-lateral extension of the uterine breach using the index and middle fingers of both hands.
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Figure 3.35 Number of patients with complications and
average hospitalization period resulting from the incision
extension technique versus a control group.

The last surgical phase that completes the uterine inci-
sion, before proceeding with the fetal extraction, is the
opening of the amniochorial membranes (Figure 3.37).
As mentioned, this phase requires special attention to pre-
vent iatrogenic damage to the fetus. Various techniques
can be used to cut the amniotic sac: a careful incision can
be performed with a surgical clamp, which is safer for the
underlying fetal parts, or it can be carefully opened with a
scalpel (Figure 3.38). Some obstetricians, instead, prefer to
use fingers to open the amniotic sac in front of the uterine
breach (Figure 3.39) so that it can be opened with as little

Table 3.2 The Magann study shows an increase in blood
loss and in complications when the scissor cut is used to
widen the uterine breach

Scissor cut (in  Blunt cut (in
Complication 470 patients) 475 patients)
Average blood loss (mL) 886 843
Transfusions (number of 9 2
patients)
Extension of uterine scar
1-3cm 57 20
>3 cm 69 24
Wide ligament lacerations 16 7
(number of patients)
Cervical lacerations 15 8
(number of patients)
Postpartum endometritis 66 51

(number of patients)

Figure 3.36 Digital opening of the uterine breach in which
the fetus right cheek and ear can be seen underneath the cho-
rionic membranes.
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Figure 3.37 Opening of the amniotic sac with surgical
forceps.

Figure 3.38 Incision of amniochorial membranes with a
scalpel: (a) frontal section and (b) sagittal section.
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Figure 3.39 Opening of amniochorial membranes with
fingers and draining of the amniotic fluid with disposable
aspirator.

trauma as possible. The membranes, however, are difficult
to grasp, especially when they adhere to the presented part.

CONCLUSIONS

The literature describes different types of hysterotomy
incisions during a cesarean delivery; the longitudinal inci-
sion has been replaced by the commonly used transverse
incision of the lower uterine segment [35]. The transverse
incision is performed with sharp instruments along its
entire extension. The central incision is then followed by a
blunt extension [36]. Some authors maintain that there is
no difference between the two methods [37]. In this regard,
several related methods are described in the literature [38],
even though the authors favor the blunt incision [39-41].

A point that is being currently debated is the direct hys-
terotomy incision of the visceral peritoneum, as opposed
to after the detachment of the uterine vesical fold [41-47].

Another substantial problem is the hysterotomy with
whole versus ruptured membranes. If ruptured, a series
of safety maneuvers are required to avoid iatrogenic fetal
lesions [48].

Hysterotomies have special surgical characteristics in
preterm cesarean deliveries [26,30,49].

The literature describes special types of uterine inci-
sions for anomalous situations (e.g., placenta previa,
myoma previa, adherences, etc.) [50-55].
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GIAN CARLO DI RENZO, ANTONIO MALVASI, and ANDREA TINELLI

Cephalic extraction

.... when the obstetrician ruptures the mem-
branes the assistant who is responsible for
distancing the margins of the wound must
keep the abdominal walls in close contact
with the uterine walls. This is immediately
followed by the extraction of the fetus in
which the first presenting part is grabbed...

(P. Cazeaux, 1845)

INTRODUCTION

The incision of the lower uterine segment, the improve-
ment of extraction methods, the development of anes-
thesiological and neonatal resuscitation techniques,
antibiotics, and hemoderivatives have in the twentieth
century consolidated the cesarean delivery and reduced
its complications [1-4].

Fetal extraction during cesarean delivery has been seen
in myths, legends, and religions of various cultures as
completely distinct from vaginal delivery.

In historical iconographic representations, fetal extrac-
tion has been loaded with religious and mythological
meanings, such as the birth of gods and demigods, or the
birth of the “Antichrist.” These, in fact, were extracted
from the maternal “womb” instead of being born the
“natural” way, and for this reason the extraction had to
have been performed by those—divinities or people of the
cloth—capable of performing this act, instead of by com-
mon people.

In modern times, now that certain ideas tied to the
“abdominal birth” are part of the past, it is generally
thought that abdominal delivery of the fetus is a safe act
and therefore without any particular risk.

In reality some authors observe that that is not the case,
as both maternal and fetal lesions are possible even during
fetal extraction from cesarean delivery.

Prerequisites for a proper fetal extraction during
cesarean delivery, whether elective or emergency, are an
adequate exposure of the operating field and a good posi-
tion on the operating bed in relation to operator needs.
It is essential for fetal extraction that the surgeon is well
positioned in relation to the pregnant woman lying on
the operating table: right-handed surgeons must be to the
right of the patient, and left-handed surgeons must be to
the left.

By positioning himself or herself on the right side of the
patient, the operator will be able to properly perform the
maneuvers, and in particular be able to properly position

the hand and provide a “lever effect” on the presenting
part (Figure 4.1).

An adequate laparotomy in relation to the case that
required a cesarean delivery is needed to achieve a good
fetal extraction.

In addition, it must be noted that most cesarean deliv-
eries currently are performed with the pregnant mother
under spinal, epidural, or combined spinal epidural (CSE)
anesthesia, and therefore with a conscious patient who is
following the birth of the child and is aware of the surgical
maneuvers [1-4].

FETAL EXTRACTION

Essentially extraction must deal with three types of pre-
sentations [5,6]:

® Cephalic
® Breech
® Transverse (shoulder)

The extraction may at times be instrumental—that
is, assisted by obstetric instruments such as forceps and
vacuum extractor. As a general rule the anesthesiologist
may need to resort, in case of difficulties, to pharmacologi-
cal relaxation of the uterus.

FETAL EXTRACTION IN CEPHALIC PRESENTATION
Introduction

Once the incision of the uterine breach is carried out and
the capacity is checked to be adequate, the operator must
insert his fingers in the uterine cavity and place them
between the wall and the fetal head: the fingers are placed
under the presenting part and provide an outward lever
effect.
The assistant removes the suprapubic valve, when used, so
that all the space available in the pubic area can be utilized.
The operator provides three subsequent movements to
the cephalic pole:
® Raising the presenting part to the level of the uterine
incision—that is, in the direction of the uterine body
(Figure 4.2)
® DPositioning in the occipital-pubic direction (Figure 4.3)
® Progressing toward the surface—that is, toward the
uterine breach (Figure 4.4)

To facilitate the extraction of the fetal head the opera-
tor must position his hands in relation to the presentation.

Position of the fetal head

Figures 4.5 through 4.11 depict the various positions
of the fetal head during cesarean extraction and the
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Figure 4.1 Positioning of the right hand of the operator on
the presenting part to provide the “lever effect” (on the head)
and to facilitate the disengagement and, therefore, the fetal
extraction, with sacral rotation of the occiput.

corresponding position of the fetal head in vaginal deliv-
ery. The rationale is that the fetal head can have various
positions in both the elective cesarean delivery and in
dystocic labor. However, to facilitate the extraction the

operator should verify the position of the fetal head, and
the extraction should then take this position into account,
as during vaginal delivery.

Extracting the head along its axis will facilitate the sub-
sequent extraction of the shoulders, as the biparietal diam-
eter is parallel to the bisacromial diameter. This serves to
avoid excessive or anomalous rotation that could harm the
fetus or cause uterine tears.

Position of the operator’s hand

During fetal extraction, the operator when right handed
will use his or her right hand and will stand to the right of
the patient. On the contrary, if the operator is left handed
he or she will use his or her left hand (Figure 4.12).

The operator’s hand must enter the breach and insert
itself under the fetal head with fingers spread (Figure 4.13).

In the next surgical phase the surgeon’s hand must func-
tion as an inclined plane on which the fetal head slides,
from bottom to top, under the “vis a tergo” of the assistant
or of the operator (Figure 4.14).

Therefore, the main phases that characterize the pos-
ture of the surgeon’s hand are inserting and positioning
the hand in the uterus and holding and lifting the fetal
head (Figure 4.15).

To facilitate extraction of the head, the assistant nor-
mally exerts a small amount of pressure on the uterine
fundus. Less frequently, in case of a relatively easy extrac-
tion, the operator can assist the progress of the extraction
by placing his or her left hand on the anterior uterine wall
(Figure 4.16).

Figure 4.2 Raising of the presenting part (cephalic) to the level of the uterine incision to facilitate fetal extraction.
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Figure 4.3 Positioning of the operator’s hand in the occipital-pubic direction on the presenting part to have a better hold on
the fetal head.

Figure 4.4 Pprogression, guided by the surgeon, of the presenting part toward the uterine breach.
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(a)

Figure 4.5 (a) Extraction from the uterine breach on inci-
sion of the fetal head in right occiput posterior position; (b)
corresponding fetal head in vaginal delivery (S = pubic sym-
physis, front view).

The assistant simultaneously assists the operator by
exerting a gradual and constant pressure on the uterine
fundus in the craniocaudal direction, to help the head
pass through the hysterotomy breach. This pressure must
be applied only when the presenting part is firmly engaged

in the uterine incision.

The externalized head slides on the palm of the hand
supporting it

With regard to the fundal pressure applied by the assistant
on the fetal head, it should be noted that the more the pres-
sure required by the surgeon increases, the more the rules
for adequate extraction have not been observed, a typical
case being a narrow laparotomy breach.

Correct extraction of the head, in case of anomalies of
the fetal head position, may require additional maneuvers,
which however avoid maternal and fetal damage.

In case of normally flexed head the surgeon must gradu-
ally and delicately reduce the flexion before extracting it
(Figure 4.17).

The fetus in face presentation has a longitudinal lie. The
presentation is cephalic, but the presenting part is the face
and the attitude is of complete extension.

The chin is the presenting part and the presenting diam-
eter is the submento bregmatic diameter (ca. 9.5 cm). The
incidence of face presentation is under 1%, the majority if
which are secondary as the head extends during labor and
frequently upon entry at the pelvis.

Approximately 70% of face presentations are in the
anterior-transverse position, and 30% are in the poste-
rior—transverse position. Diagnosis is performed with tra-
ditional obstetric maneuvers but can also be assisted by
intrapartum ultrasound.

In case of face presentation it is mandatory to perform
a cesarean delivery. In fact the different types of face pre-
sentation and the maneuvers to modify this presentation,
including the application of forceps, appear nowadays to
be outdated (Figure 4.18).

In frontal presentation the fetus has a longitudinal
lie, and presentation is cephalic, but the presenting part
is the forehead and the attitude is of partial extension
(circa 50%). This contrasts with face presentation in which
the extension is complete.

The forehead is the presenting part, and the presenting
diameter is the mentovertical diameter (circa 13.5 cm),
which is the longest anterior-posterior diameter of the
fetal head. The incidence of face presentation is under 1%.
Primitive forehead presentations are rare; however, these
presentations frequently develop during labor.

Because the frontal presentation is a partial extension
of the head, frequently it is transitory. In fact the head can
subsequently flex, thereby transforming to occipital presen-
tation, or it can instead completely extend into a face presen-
tation. Therefore, for frontal presentation, the presentation
diagnosis and the subsequent evolution in occipital or face
presentation is especially important. In the first case espe-
cially for pluriparous women, vaginal delivery is a possibil-
ity. In case of face presentation and therefore of a stop in the
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Figure 4.6 Extraction from the uterine breach of the fetal head in left occiput posterior position; (a) the hand of the operator
facilitates the extraction of the head from this position; (b) the operator extracts the fetal head from the breach along with the shoul-
ders; (c) corresponding fetal head in vaginal delivery (S = symphysis).
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(a)

(b)

Figure 4.7 (a) Extraction from the uterine breach of the
fetal head in right occiput anterior position; (b) corresponding
fetal head in vaginal delivery (S = symphysis).

progression of the presenting part, and with the possibility
of fetal distress, a cesarean delivery is mandatory.

In case of bregma presentation, the fetus has a longi-
tudinal lie and the cranium is slightly deflected, halfway
between extension and flexion. The occiput and the fore-
head are at the same level in the pelvis, and for this reason
the bregma presentation is also called the “intermediate
vertex presentation.” The leading part is the vertex; the

Figure 4.8 (a) Extraction from the uterine breach of the
fetal head in left occiput anterior position; (b) corresponding
fetal head in vaginal delivery (S = symphysis).

presenting part is the bregma. The presenting diameter
is the occipital frontal diameter measuring 11 cm, and
because it is longer than the suboccipitobregmatic diam-
eter, it is less favorable. For this reason the bregma presen-
tation has a slower progression and a higher incidence of
the presenting part stopping in the birth canal.

The prognosis of vaginal delivery therefore is gener-
ally positive, except in those infrequent cases in which the
bregmatic presentation transforms into a frontal or face
presentation, which requires operative delivery, in partic-
ular with cesarean delivery.
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Figure 4.9 (a) Extraction from the uterine incision of the
fetal head in median or longitudinal occiput posterior position;
(b) corresponding fetal head in vaginal delivery (SS = subsym-
physeal area). The extraction can be facilitated by the applica-
tion of pressure by the first operator on the upper part of the
uterine incision. This maneuver, however, does not encoun-
ter the obstacles that the pubic symphysis encounters from
behind and below a rigid structure such as the pubic symphy-
sis, as occurs in vaginal delivery.
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Figure 4.10 (a) Extraction from the uterine incision on
breach of the fetal head in occiput median anterior position;
(b) corresponding fetal head in vaginal delivery (bottom right)
(SS = subsymphyseal area).
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Figure 4.11 (a) Extraction from the uterine breach of the
fetal head in left occiput transverse position; (b) corresponding
fetal head in vaginal delivery.

Obviously frontal and face presentations, and especially
bregma presentations, may be complicated by asynclitism
or by the association of an upper limb, which increases
the diameter (already unfavorable) in relation to the pel-
vic diameter, thereby presenting complicating factors that
require operative delivery.

The bregma attitude at times may be further compli-
cated by the hooking of the jaw on the symphysis or on
the promontory, which stops the descent and halts the pro-
gression of the head inside the birth canal.

In case of hyperextended head, the operator must pre-
vent further extension by inserting his or her flattened
hand in the uterine cavity and letting the head slip up and
out (Figure 4.18).

In case of occiput posterior position, the hand of the opera-
tor is inserted “cup-like” in the uterine cavity, reaches the fetal
occiput, lifts the head, and brings it up and out (Figure 4.19).

Figure 4.12 Extraction from the uterine breach of the fetal
head with the left hand, with left-handed operator placed to
the left of the patient and not vice versa (image at top).

In case of association with an upper limb, the operator
must, before the extraction, move up the limb placed in
front of the head to prevent the volumes of both fetal parts
from blocking the extraction, as well as tearing the uterine
breach (Figure 4.20).

Among the most common anomalies of fetal head
position are anterior and posterior asynclitism: the
operator must therefore align the fetal head (espe-
cially in posterior presentations) and then perform the
extraction. The direction of the fetal head (up and back)
would otherwise complicate the extraction process
(Figures 4.21 and 4.22).

In terms of the height of the presenting part, there are
two distinct situations:

® Head deeply engaged: This condition occurs in those
situations in which the mother is moved from the labor
and/or delivery room to the operating room during
advanced labor, for reasons of fetal distress or, more fre-
quently, dystocia.

The situation in which the head is engaged and the
uterine incision is at the level of the fetal neck or shoul-
der is the most difficult in terms of extraction. In such
a situation the operator must grab the fetal vertex and
bring it up, moving it along the axis of the uterus in
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Figure 4.13 Posture of the operator’s hand ready for the extraction of the fetal head.

the caudocranial direction, while avoiding lever move-
ments on the symphysis.

At times engagement of the head is such that it is dif-
ficult to insert the hand in the virtual space between the
fetal head and the posterior side of the pubic symphy-
sis (Figure 4.23). In fact it is necessary to be very care-
ful when inserting a hand deep into the birth canal to
reach the fetal vertex, in order to reduce the likelihood
of transverse and longitudinal tears on the lower uterine
segment, already thin due to the advanced and dysto-
cic labor. If this maneuver is ineffective, further vagi-
nal pushing maneuvers are required: the assistant must
insert a hand into the vagina and push the head back in
the cranial direction (Figure 4.24).

The next phase requires a strong push from the bot-
tom (vaginally) by the assistant. With this maneuver,
the operator can reach the fetal vertex and perform the
extraction (Figure 4.25). This maneuver takes place in
case of a “failed” application of forceps or ventouse and in
which the head is located at the mid strait and is wedged
between mid strait and inferior strait, or due to strong
Kristeller maneuvers carried out for vaginal delivery.

It should be noted that this particular condition is
the result of an erroneous evaluation of the progression
of labor and of the presenting part and of an errone-
ous prediction of vaginal delivery which could lead to
medicolegal consequences. The risks can be reduced
through the use of intrapartum ultrasound. In fact this
method can diagnose dystocia even before digital evalu-
ation, resulting in the indication of a cesarean delivery.

An extreme and infrequent external maneuver is the
Zavanelli maneuver that is performed with the fetal
head outside the rima vulvae. This maneuver is per-
formed with Type II shoulder dystocia—that is, when
the fetus is “expelled.” In other words the fetus is beyond
the rima vulvae (turtle sign), but the fetal shoulders
remain above the superior strait—that is the anterior
shoulder is under the pubic symphysis and the posterior
shoulder is above the promontory. Should these dra-
matic circumstances occur, perform a wide abdominal
parietal incision and try to perform a rapid vertex or
breech extraction of the fetus, while the assistant tries
to move the head to the pelvic cavity to free it from the
suffocating vulvovaginal grip.
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Figure 414 The surgeon’s hand, assisted by the push on the uterine fundus, is like an inclined plane on which slides the fetal

he

ad.

Complex and prolonged maneuvers almost inevita-
bly result in strain to the nearby bladder involved in the
fetal extraction maneuvers. Therefore, the presence of
blood in the vesical catheter or in the urinary bladder
should not worry the surgeon. If anything the vesical
catheter must be kept beyond the standard postsurgi-
cal time to allow the bladder to spontaneously resume
function. In fact the pressure of the fetal head and the
extraction maneuvers frequently result in bladder reten-
tion during the postpartum or early puerperium period.

The consequences of the Zavanelli maneuvers on the
fetus can instead be much more serious. Some authors
in fact describe fetal column fractures at the cervical
level in the attempt to reposition the fetal head in the
birth canal, with the death of the fetus [7]. In addi-
tion, other authors, in trying to reduce the danger of
the Zavanelli maneuver, have proposed a reposition-
ing of the head (even partial) in the vaginal canal in
the (successful) attempt to rotate the shoulders with
the McRoberts or Wood maneuver, in order to extract
the fetus from the laparotomy breach [8]. However, an

important aspect remains, and that is that, currently,
the Zavanelli maneuver (and its modifications) is an
extreme obstetric maneuver, and the possibility of asso-
ciated fetal damage must be contemplated [9,10].

The Zavanelli maneuver, however, is the last obstetric
opportunity to resolve in a relatively short amount of
time a compromised situation. Gherman et al. under-
score the importance of recognizing shoulder dystocia
and proceeding with appropriate maneuvers before
resorting to the Zavanelli maneuver [11].

Head too high: If the cephalic vertex is too high and can
be pushed back, it will be difficult to hold onto and fetal
extraction will be easier if performed with version and
breech extraction. With high fetal head, as occurs dur-
ing an elective cesarean delivery, the assistant should
exert pressure on the uterine fundus to bring the fetal
head closer to the hand of the operator and to move it
toward the hysterotomy breach.
o High head and narrow uterine breach: When the
uterine breach is at the limit between the body and
the lower uterine segment, the thickness of the
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Figure 4.15 (a) Insertion and positioning of the hand in the uterus; (b) holding and lifting the fetal head.
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Figure 4.16 (a) The assistant normally exerts a small amount of pressure on the uterine fundus. (b) Less frequently, in case of
a relatively easy extraction, the operator with his or her left hand can assist the progress of the extraction. The arrows indicate the

hand direction of this maneuver.

myometrium, the presence of adherences in case
of previous cesarean deliveries, the presence of
obstacles such as myomaprevium, inadequate posi-
tion of the fetal head, and other circumstances may
require a strong push on the fetal fundus, as during
a Kristeller maneuver that can be performed even
though normally it is prohibited. However, in order
to extract a difficult fetal head, it is essential that the
head rotate around the axis that brings the occiput
next to the operator’s hand that functions as a lever
on which slides the fetal head that then disengages
from the “abdominal birth canal.”

o Fetal extraction with the left hand: This must be
performed only by left-handed operators. Right-
handed operators would find the extraction maneu-
ver to be difficult and ineffective.

In case of fetal macrosomia, some authors recom-
mend moving the cephalic extremity toward a face pre-
sentation in relation to the uterine breach: the index and
middle fingers of the operator are inserted in the oral cav-
ity of the fetus—being careful to place them at the base
of the tongue and not on the palate to avoid traumatic
lesions—and rotate the fetus until the mouth is visible [12]
(Figures 4.26 through 4.29), by rotating along the median
line (Figure 4.30).

After the fetal head has emerged the same amount of
attention must be paid to the extraction of the shoul-
ders, which is carried out in a similar manner to vaginal
extraction. The operator with his hands symmetrically
holds the fetal head at the level of the fetal cheeks (Figure
4.31). As during vaginal delivery, the posterior and ante-
rior shoulders emerge after performing tilting movements
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Figure 4.17 Posterior flexion of the head, which the opera-
tor must align before the extraction.

Figure 4.19 Occiput posterior position and extraction of
the fetal head with “cup-like” position of the surgeon hand
(below).

Figure 4.18 Head with mentum posterior position in face
presentation. The head hyperextended in occiput anterior
position and pushed by the fundal pressure applied by the Figure 4.20 Fetal extraction with association of the upper
assistant slides on the hand of the surgeon (above) preventing left limb, which must be pushed up and back to facilitate
any further flexion. extraction of the head.
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Figure 4.21 Extraction of the fetal head in anterior asynclit-
ism: the operator’s hand pushes the fetal head up before disen-
gagement, as extraction of the cephalic extremity is unlikely to
occur in the asynclitic position, of full cervical dilatation.

Figure 4.23 Extraction of the fetal head engaged in the
pelvic cavity. The hand must be inserted in the virtual space
between the fetal head and the posterior side of the pubic
symphysis (bottom image, S = symphysis)

Figure 4.22 Extraction of the presenting part in posterior Figure 4.24 Fetal head deeply engaged in the pelvic cav-
asynclitism: the hand of the operator must penetrate deeply ity extraction: with hand inserted in the vagina the assistant
into the birth canal in order to carry out the extraction, in pushes the fetal head so that the operator can insert his or her
advanced second-labor stage. hand in the uterine breach and position it under the fetal head.
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Figure 4.25 The next phase requires a strong push from the vagina on the fetal head by the assistant, while the operator

extracts the fetal head by lifting it up and out.
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Figure 4.27 The operator’s hand, once the index finger
locates the fetal lips through the uterine breach, applies the
index finger, or index finger together with the middle finger,
Figure 4.26 The operator’s hand locates the fetal rima oris directed toward the fetal palate in order to perform the extrac-
before appropriately inserting the fingers in the buccal cavity. tion maneuver.
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Figure 4.28 The operator, once the index and middle
fingers have been inserted in the buccal cavity of the fetus,
rotates the fetal head.

Figure 4.30 Once the fetal head has been hooked with
fingers inserted in the buccal cavity, the obstetrician exerts a
slight traction in an external and upward direction, thereby
extracting the fetal head.

Figure 4.29 When the fetal head appears in the hysterot-
omy opening, the surgeon can move the fetal head along the
median line by inserting his index finger in the buccal cavity.

(Figure 4.32). The shoulders must emerge, as during vagi-

nal extraction, by positioning the bisacromial diameter Figure 4.31 The surgeon uses his hands to perform an
transversely, along the main axis of the hysterotomy and anchoring maneuver of the fetal cheeks in order to extract
laparotomy. If the shoulder extraction is perpendicular to the head. He must feel which of the two fetal shoulders can be

the laparotomy and hysterotomy incisions, the operator more easily extracted (sagittal section at top).


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-068.png&w=203&h=246
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-069.jpg&w=227&h=201
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-070.jpg&w=212&h=288
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-071.jpg&w=204&h=247

Fetal extraction in cephalic presentation 73

LAy 1A
f.'f:..rf#z/

Figure 4.32 (a and b) Tiltihng movements help the
shoulders emerge (the left shoulder is here shown emerg-
ing first). (Modified from Malvasi A, Di Renzo GC. Semeiotica
Ostetrica, Rome, Italy: CIC Edizioni Internazionali; 2012.)

may pull excessively on the brachial plexus. The result-
ing damages performed during cesarean delivery are
described in the literature.

It is therefore recommended to accompany the extrac-
tion of the shoulders with additional maneuvers in which
the uterine breach is widened and extended in the inferior-
superior direction (Figure 4.33). Should these maneuvers
also prove to be insufficient, one can opt, as a last resort,
for version and breech extraction of the fetus [13,14].

Figure 4.33 Tilting movements to help the shoulders
emerge, in this case, before extraction.

Some operators perform extraction with the help of
laparotomy retractors. This seldom-used practice can,
however, during the extraction cause fetal damage against
the rigid parts of the instrument. For this reason soft
retractors have been designed and used, such as the Pelosi
retractor [15,16] that, according to the author, is useful in
assisting fetal extraction (Figure 4.34).

Risks of fetal extraction

Fetal damages in the manual extraction during cesarean
delivery are rare (2%) and include [17-23]

® Damage to the brachial plexus

® Long bone fractures

® Tendinous lesions

® DPenetration of the epistropheus in brain structures

Fetal damage tied to instrumental extraction is compa-
rable to the damage that occurs vaginally:

® Cephalohematomas

® Scalp abrasion

® Cephalic phlegmons

® Parietal fracture

® Intracranial hemorrhage


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-072.jpg&w=227&h=286
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-073.jpg&w=216&h=184
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-074.jpg&w=204&h=342

74  Fetal extraction during cesarean delivery

Figure 4.34 soft Pelosi retractor for fetal extraction dur-
ing cesarean delivery.

Conclusions

Extraction in cephalic presentation during cesarean deliv-
ery is the most common. The cephalic extraction phases
are the following: lifting of the fetus to the level of the uter-
ine incision, that is in the direction of the uterine body,
positioning in the occipital-pubic direction, and progress-
ing toward the surface of the uterine breach [24,25]. The
goal of these steps is to not damage the fetus and to not
cause maternal damage or bleeding. Cephalic extraction
must take into account the position of the fetal head and
shoulders and try to bring the biparietal diameter parallel
to the bisacromial diameter.

Special cases, such as fetal head that is deflected, hyper-
flexed, or with sacral rotation of the occiput require addi-
tional measures and maneuvers [26-28].

Special attention must be paid in case of engaged head,
which, in extreme cases, requires the combined action of
the assistant who pushes the fetal head back and of the first
operator who extracts the head from the breach, while try-
ing to minimize damage [28,29]. An alternative is version
and subsequent breech extraction [30].

Instead, if the head can be pushed back, head rotation
maneuvers may be required. These maneuvers bring the
head closer to the breach to facilitate its extraction [31].

Shoulder extraction must also follow the pattern of
shoulder extraction during vaginal delivery, by extracting
the anterior and posterior shoulder along the main axis of
the hysterotomy and laparotomy.

The occiput posterior position should be diagnosed
before incision of the uterine breach and before extrac-
tion [32-38] in order to prevent damage to the fetus
[39-45].
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Breech presentation

. extraction is performed by traction on
the emerging parts of the fetus. Frequently
stronger pulls are required and at times the
child may be subjected to lesions during the
extraction.

(e. Bumm. Trattato Completo di Ostetricia,

Vol I1, 4th ed., 1924)

INTRODUCTION

Delivery with breech presentation, in its variant forms, is
common and up to a few years ago was performed vaginally.

An analysis of the scientific literature shows that the
incidence of breech presentation during gestation is
reduced, generally, from about 20% around the 28th week
to 3%-4% at full term, while taking into account that
approximately 96.5% of children are born in cephalic
presentation (0.1% face and 0.03% forehead), with 0.28%
transverse presentation and 0.08% mixed presentation [1].

These statistics show that there is spontaneous intra-
uterine fetal version during the third trimester of preg-
nancy, though should breech presentation persist beyond
the 37th week the probability of spontaneous version is
almost nil.

Generally, contributing factors to the persistence of
this anomalous presentation are prematurity, multiple
pregnancy, fetal macrosomia with anomalous full-term
presentation (fetal-pelvic disproportion with fetus in
breech presentation after 37 weeks), polio (polyhydram-
nios), oligohydramnios, type of placental insertion
(placenta praevia or paracornual fundus), fetal cranial
malformations (hydrocephalus or anencephaly), uterine
malformations, and large myomas [2].

The greater incidence of feto-neonatal morbility and
mortality in case of breech presentation can be attributed
to traumas related to the delivery (asphyxiation or mus-
culoskeletal lesions), to prematurity, and to congenital
malformations [3]. The literature contains many cases of
brachial plexus and sternocleidomastoid muscle strain,
bone fractures (prevalently of the clavicle), and intracra-
nial hemorrhage [4].

A breech presentation diagnosis improves prehen-
sion of the fetal breech and allows a better division of the
extraction phases, thereby decreasing the risk of iatro-
genic maternal-fetal lesions.

In recent years there has been a radical shift in terms
of delivery methods in case of breech presentation. Breech
delivery has in fact always been represented in clinical

practice as a major problem in terms of maternal-fetal
outcome.

From the beginning to less than 50 years ago, vaginal
obstetrics was predominant in delivery rooms. In fact the
significant risks associated with carrying out a cesarean
delivery for breech delivery meant that the doctor needed
a profound understanding of semiotics and considerable
manual skills. With the advent of antibiotic therapy, and
the progress in instrumental diagnostics and modern
abdominopelvic surgery, traditional vaginal obstetrics has
been definitively replaced by abdominal surgical obstetric
options [5].

This trend has been further consolidated by mod-
ern legal medicine, which has been the decisive fac-
tor in the replacement of vaginal breech delivery with
cesarean delivery [6]. Nowadays in fact, cesarean deliv-
ery is considered a means by which to reduce maternal
and fetal-neonatal problems and is the most common
way to carry out deliveries in many European countries
and in North America, despite the well-known risks of
maternal morbidity and mortality related to this surgical
intervention [5,6].

Generally speaking, breech extraction through the
abdomen follows the same rules as vaginal breech deliv-
ery. The same can be said for establishing the breech posi-
tion in relation to pelvic diameters. It is clear that breech
extraction performed with a cesarean delivery is not as dif-
ficult as vaginal delivery due to the shortness of the uterine
breach and due to the fact that the fetus does not have to
move through a rigid canal containing narrow passages,
such as the pelvis [7].

BREECH PRESENTATION DIAGNOSIS

Breech presentation diagnosis can be determined clini-
cally through external palpation maneuvers but is cur-
rently diagnosed mainly through ultrasound (Figure 4.35).

Figure 4.35 Breech presentation diagnosis (incomplete,
buttocks variant) obtained with transabdominal ultrasound
before a cesarean delivery.
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Breech presentations can be divided into (Figures 4.36
and 4.37)

® Complete: Legs of the fetus flexed on the thighs, thighs
flexed on the abdomen, crossed feet.

® [ncomplete: When one of the elements of complete pre-
sentation is missing; these include the following vari-
ants: buttocks (thighs flexed on the abdomen and legs
extended in front of the trunk); knees (thighs extended
on the trunk and legs flexed on the thighs); feet (thighs
and legs, both partially extended); mixed.

Depending on the type of presentation at the pelvic inlet
there may be different presenting fetal parts:

® Buttocks and feet (complete breech presentation).

® Buttocks (incomplete breech presentation: buttocks
variant).

® Knees (incomplete breech presentation: knees variant).

® Feet (incomplete breech presentation: feet variant).

® In case of mixed variant small parts, such as a footand a
knee, a buttock and a foot may be presented.

® Buttocks and feet (complete breech presentation).

The breech presentation diagnosis, with its complete,
incomplete, and mixed variants, is more significant for
vaginal delivery than for a cesarean delivery. However,
because most breech deliveries in primigravidae are car-
ried out, as has been mentioned, abdominally, in order
to properly extract the fetus it is always recommended to
determine the presentation before carrying out the cesar-
ean delivery. This is especially important in cases of fetal
macrosomia or, on the contrary, in cases of cesarean deliv-
ery on a preterm fetus, so that the appropriate maneuvers
can be performed and iatrogenic fetal lesions, as well as
medical and legal disputes, can be avoided.

BREECH EXTRACTION MANEUVERS

Even though breech extraction during a cesarean delivery
is not as difficult as vaginal extraction, to avoid maternal-
fetal lesions, the operator must perform the same extrac-
tion maneuvers during the breech extraction that are
performed for vaginal extraction.

In fact the different characteristics of the uterine breach
and of the type of laparotomy compared to the complexity
of the birth canal facilitate these maneuvers. These, how-
ever, must be carried out properly in order to avoid tears in
the uterine breach as well as fetal distortions and fractures.

In order to extract the fetus, and depending on the type
of presentation, one of the following obstetric maneuvers
are to be carried out.

Hooking the fetal inguinofemoral region

Once the uterine breach is open the first maneuver to per-
form for the buttocks-only variant is hooking the fetal
inguinofemoral region.

First it is necessary to palpate with the index and middle
finger the fetal breech, in order to locate the inguinofemo-
ral plica of the fetus (Figure 4.38). The obstetrician must

Breech extraction maneuvers 77

then insert his index finger in the inguinofemoral plica of
the fetus (Figure 4.39). The operator then inserts the mid-
dle finger in the plica and firmly hooks the inguinofemoral
area (Figure 4.40).

The hooking maneuver of the inguinofemoral plicae,
therefore of the buttocks, must then proceed as in the vagi-
nal delivery, according to the various presentations:

® DPosterior transverse sacroiliac (Figure 4.41)
® DPosterior right sacroiliac (Figure 4.42)

® Anterior transverse sacroiliac (Figure 4.43)
® Anterior left sacroiliac (Figure 4.44)

® Left longitudinal sacroiliac (Figure 4.45)

® Right longitudinal sacroiliac (Figure 4.46)

Breech presentation “buttocks-only” variant

In the complete buttocks variant hold the fetal pelvis with
both hands: fingers should lay on the anterosuperior crista
iliaca and the palms on the sacrum to minimize the risk
of damage to the soft abdominal tissues of the fetus. This
maneuver, actually, is performed in two steps. The first
step is to locate the position of breach and to insert fingers
along the inguinal fetal plicae. The second maneuver con-
sists in hooking the breach and positioning the bitrochan-
teric diameter parallel to the transverse hysterotomic axis.

The operator continues the breech extraction maneu-
ver, complete buttocks variant, by holding the breech
with the index and middle fingers placed on the fetal
anterior iliac spines. If possible the bitrochanteric trans-
verse diameter is brought parallel to the uterine breach
(transverse direction) to facilitate the extraction (see
Figure 4.46).

Breech presentation “incomplete buttocks” variant

The images in the text describing the breech presenta-
tion, feet variant, complete or incomplete, are shown for
instructional purposes. They show the breech and the feet
for the various positions of the presenting part in relation
to the uterine breach, as though from a vaginal point of
view.

In reality, once the inferior uterine segment is cut only
the feet can be seen while the breech can be seen subse-
quently once the lower limbs have been extracted.

In the first phase of the breech extraction, incom-
plete buttocks variant, the presenting fetal foot must be
located. In order to do this the operator must insert his
hand through the uterine breach and, by palpation, dis-
tinguish the fetal foot from the hand (Figure 4.47). The
differential diagnosis of hand and foot will prevent the
lowering of the upper limb instead of the lower limb,
which would complicate breech extraction. If the hand is
close to the lower limb the operator should push it back
up so that it does not engage the uterine breach along with
the lower limbs.

Locating the fetal foot generally facilitates the extrac-
tion of the contralateral limb, which is, however, carried
out as the feet variant, when the operator has also lowered
the lower contralateral limb and placed it parallel to the
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Figure 4.36 Breech presentation variant: (a) complete breech presentation; (b) incomplete breech presentation buttocks vari-
ant; (c) mixed incomplete breech presentation right foot and left buttock variant; (d) mixed incomplete breech presentation left
foot and right buttock variant. (Modified from Malvasi A, Di Renzo GC. Ecografia intraparto ed il parto, Bari, Italy: Editori Laterza; 2012.)



Figure 4.37 Breech presentation variant: incomplete
breech presentation, knees variant. (Modified from Malvasi A,
Di Renzo GC. Ecografia intraparto ed il parto, Bari, Italy: Editori
Laterza; 2012.)
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presenting limb (Figure 4.48: incomplete breech presen-
tation, buttocks variant, anterior right sacroiliac; Figure
4.49: incomplete breech presentation, buttocks variant,
anterior right sacroiliac).

In the breech presentation incomplete feet variant, at
times, the foot is not visible, especially in longitudinal or
oblique presentations. When extraction is difficult due
to the feet not being readily available and/or visible, the
operator must turn it into a feet variant breech presenta-
tion. Specifically, once the operator has inserted his hand
through the uterine breach into the uterine cavity, he must
feel the fetal feet and then hook them. At this point of the
maneuver, the surgeon must use the index and middle fin-
gers of his hand to hook the fetal ankle and move the feet
toward the uterine breach (Figure 4.50).

As mentioned, the extraction, even during a cesarean
delivery, must be carried out according to the obstetric
rules codified in the Obstetric Semiotics of traditional
vaginal extraction, which we describe later.

When both limbs (or only a single lower limb) are high,
making it difficult for the surgeon to hook them, the
obstetrician is forced to carry out the Pinard maneuver
(Figure 4.51).

In this maneuver, in which the feet are moved toward the
hysterotomy, two fingers are placed at the hollow of the fetal
knee and the thigh and knee are pushed laterally in rela-
tion to the median line. By doing this the limb flexes and,
normally, the foot moves toward the back of the operator’s
hand.

After the maneuver, wait for the buttocks to be expelled
and then grab the feet and proceed with the (complete or
incomplete) breech extraction, as previously described.

Fetal extraction, in case of breech presentation incom-
plete variant, can be problematic if pulling the foot, during

Figure 4.38 The operator with his right hand (image at top right) locates the right fetal inguinofemoral area (anterior sacroiliac

presentation).
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Figure 4.39 The operator inserts the index finger of the right hand (image at top right) into the right fetal inguinofemoral area
(posterior sacroiliac presentation).

Figure 4.40 The operator then inserts the index finger next to the middle finger of the right hand (image at top right) in the right
fetal inguinofemoral area (anterior sacroiliac presentation).

Figure 4.41 Fetal hooking maneuver (initial phase) in incomplete breech presentation, buttocks variant (posterior transverse
sacroiliac): using the index fingers the operator hooks both sides of the fetal hips along the inguinal plicae.
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Figure 4.42 Fetal hooking maneuver (initial phase) in incomplete breech presentation, buttocks variant (posterior right sacro-
iliac): using the index fingers the operator hooks both sides of the fetal hips along the inguinal plicae.

Figure 4.43 Fetal hooking maneuver (initial phase) in incomplete breech presentation, buttocks variant (anterior transverse
sacroiliac fetal position): using the index and middle fingers the operator hooks both sides of the fetal hips along the inguinal plicae.

Figure 4.44 Fetal hooking maneuver (initial phase) in incomplete breech presentation, buttocks variant (anterior left sacroiliac):
using the index fingers the operator hooks both sides of the fetal hips along the inguinal plicae.
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(a)

(b)

Figure 4.45 Left longitudinal sacroiliac position: in trans-
verse positions of the complete buttocks variant, extraction
is carried out by locating the fetal crista iliaca, followed by
hooking (a) and extracting them. This can be done with the
left hand of the operator, which is positioned in the suprapubic
area and acts as a cleavage plane (b).

the extraction of the lower limb closer to the hysterotomy,
results in the other lower limb being blocked. The surgeon
must then make sure that the limb that has been pushed, or
that has not descended, simultaneously follows the previ-
ously extracted lower limb. The extraction will otherwise
be problematic or even impracticable without causing fetal
damage, as the lower limb in the uterine cavity constitutes
a sort of barrier (Figure 4.52).

In fact certain mixed maneuvers can be performed for a
breech presentation incomplete variant, as though a nor-
mal breech extraction or a “big breech extraction” were to
be performed.

The foot closer to the uterine breech can be lowered
by pulling downward in order to disengage the ante-
rior hip. This is followed by an upward pull that creates
space between the posterior hip and the uterine wall so
that the foot of the limb that did not descend can be held
(Figure 4.53). Once the operator feels the foot, he or she
must surround the ankle with his or her index and middle
fingers and pull to lower the lower limb in the uterine cav-
ity (Figure 4.54).

During these maneuvers, the fetus normally rotates in
the direction of the major axis of the hysterotomy and lap-
arotomy incision. This will also create more space for the
following maneuvers.

Breech presentation “complete buttocks” variant

In the breech presentation complete buttocks variant, both
feet are brought together immediately below the uterine
breach. This presentation can have various positions in
relation to the uterine breach, as during vaginal extraction
(Figures 4.55 through 4.57).

In the breech presentation feet variant, the operator
inserts his or her hand in the uterine cavity and locates the
fetal feet. While the operator lifts the uterine breach with
his or her left hand to increase the available space (maneu-
ver that can be performed by the assistant), he or she uses
his or her right hand to grab the feet and extract them
from the breach. In extracting the legs the bitrochanteric
diameter positions itself along the major axis of the uter-
ine breach (Figure 4.58).

The surgeon must then place his or her hands sym-
metrically on the lower limbs of the fetus. The thumbs are
pointing in the medial direction and are applied on the
posterior side of the thighs up to the gluteal sulcus. The
remaining fingers firmly hold the fetal inguinofemoral
area (Figure 4.59). Properly positioning the hands on the
gluteus will prevent accidental iatrogenic damage to the
lower limbs of the fetus, such as the fracture of one of the
femurs.

In case of neglected labor due to breech presentation
with advanced or complete expansion and with a fetus that
cannot be delivered vaginally (e.g., macrosomic fetus) the
modified Piper maneuver can be performed.

The progression of the trunk with posteriors dorsum
can be problematic as it results in an abnormal delivery
mechanism of the shoulder and head. Therefore, the rota-
tion maneuvers, which will be described below, can be
difficult or impossible to perform. Therefore, the Piper
method is used in breech delivery in case of posterior
sacral rotation in advanced labor with feet presentation
(Figures 4.60 and 4.61).

The fetus is pushed upward, so that the feet are at the
height of the uterine breach; therefore, once the lower
limbs are held, rotation is achieved by pulling and rotating
the legs (Figure 4.62).
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Figure 4.46 Fetal hooking maneuver in incomplete breech presentation, buttocks variant (subsequent phase): to complete the
extraction, hold the fetal pelvis with both hands; the index and middle fingers should lay on the anterosuperior crista iliaca and the
thumbs on the sacrum to minimize the risk of damage to the soft abdominal tissues of the fetus. However, if possible, the bitrochan-
teric diameter should be brought parallel to the major diameter of the hysterotomy and of the laparotomy incision. This will facilitate
the extraction of the breech and the fetal trunk (right longitudinal sacroiliac presentation).

Figure 4.47 Maneuvers for locating the fetal hand and foot: the operator can distinguish the hand, which has long and more
flexible fingers, from the foot, which is not as flexible and has short toes.
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Figure 4.48 Fetal hooking maneuver (initial phase) in

incomplete breech presentation, buttocks variant (anterior Figure 4.49 Fetal hooking maneuver (initial phase) in

right sacroiliac): the operator hooks the right fetal foot. incomplete breech presentation, buttocks variant (anterior
right sacroiliac): the operator hooks the left foot (posterior),
which is the easiest fetal part to hold.

_._\-&\\\\\\\\\\\\\\ MY

Figure 4.50 Complete breech extraction maneuver feet variant: the surgeon with the index and middle fingers of his right hand
must hook the fetal ankle and holding one foot (or preferably both) move the feet toward the uterine breach.


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-109.jpg&w=227&h=183
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-110.jpg&w=227&h=199
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-111.jpg&w=436&h=350

Breech extraction maneuvers 85

Figure 4.51 In the Pinard maneuver, which is performed to move the fetal feet toward the hysterotomy, two fingers are placed
at the hollow of the fetal knee, and the thigh and knee are pushed laterally in relation the median lime. In so doing the limb flexes
and, normally, the foot moves toward the back of the operator’s hand.

Extraction of the fetus from the uterine breach

Once the glutei are extracted perform the following
maneuvers to extract the trunk:

® Delicately pull the fetus until its bisacromial diameter—
positioned in an anterior—posterior direction—reaches
the uterine breach (Figures 4.63 through 4.65).

® To extract the shoulders—first the anterior and the
posterior (Figure 4.66)—gently slide the curved finger
from the subaxillary region to the subhumeroulnar
region and extract the upper limb once the shoulder
has emerged; move the fingers along the fetal neck and
anchor them on both sides of the shoulders and pull in
an upward direction (Figure 4.67).

® Delicately pull the funicle to create a loop to avoid it
stretching, so that the umbilical cord can be “freed”
and the funicle loops can be extracted to prevent them
(to the extent possible) from being compressed by
the fetal body against the uterine breach. This would
reduce the supply of blood flow which, if the following
maneuvers take longer than expected, must be avoided
(Figure 4.68).

The most widely used maneuver to extract the head is the
Mauriceau-Smellie-Veit maneuver: after rotating the face
in the posterior direction, the operator from the left side
of the patient places the first and third fingers of his or her
left hand on the cheekbones of the fetus (Figure 4.69) and
inserts the index finger in the mouth. With this finger the
operator exerts a slight downward pressure on the jaw and
flexes the head toward the fetal thorax (Figure 4.70). With
his or her right hand the operator lowers the fetal body on
the mother’s abdomen, while the assistant exerts pressure
on the uterine fundus to facilitate the descent of the fetal
head (Figure 4.71).

In the Wigand-Martin variant, the operator exerts
suprapubic pressure with his or her contralateral hand in
the direction of the fetal head to facilitate its spontaneous
descent (Figure 4.72).

Extraction of the fetal head, even in breech extraction
during a cesarean delivery, is a critical phase and must be
carried out in a short amount of time and with a proper
sequence of maneuvers. In fact when the shoulders emerge
from the uterine breach the breach itself becomes a sort of
muscular ring (with a certain degree of rigidity) around the
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Figure 4.52 Breech extraction incomplete buttocks vari-
ant posterior right sacroiliac position in which the lower left
limb has not descended and has not followed the lower left
limb held by the operator (a). The operator must lower the
lower limb that has been pushed or that has not descended
(b). The extraction will otherwise be problematic or even
impracticable without causing fetal damage.

neck of the fetus. The fetus with the help of the operator
must “slip out” from this ring. The Mauriceau maneuver
has the advantage of allowing the operator to modulate
both the pulling maneuvers on the jaw and the pulling and
lifting maneuvers on the fetal neck. However, the assis-
tant must be told when and where to perform the pushing
maneuver.

The Wignard maneuver has the advantage of allow-
ing the extraction of the fetal head without the help of
the assistant. However, what is lacking are the directional
forces on the neck of the fetus and, if necessary, a stronger
push.

The Wignard maneuver, if necessary, can become a
modified Mauriceau maneuver: in fact, in the Wignard
maneuver, the hand of the operator that is pressing on
the suprapubic area can move to the fetal neck in order to
upwardly move the head as in the Mauriceau maneuver.

During the fetal extraction, when carried out prop-
erly and even more so when not carried out properly
(Figure 4.73), one or both of the limbs can be blocked.
Should that occur, one must proceed according to tradi-
tional semiotics and lower the blocked limb.

In the example shown, the right upper fetal limb is
blocked with a top-down movement—that is, a descent
block. Initially, the right upper limb had risen alongside
the head; the forearm then dropped behind the occiput
toward the upper part of the fetal dorsum.

The upper limb or limbs can also be blocked with a bot-
tom-up movement, also known as an ascent block.

Initially, the upper limb was lowered along the side of
the fetus; the forearm then moved behind the dorsum and
was forced to move in an upward direction (Figure 4.74).

This second type of block can be more difficult to resolve
and requires greater attention because the upper limb is
hyperextended up and toward the back.

Generally, when the upper limbs are blocked the arms
are in front of the face. The maneuver to lower the arms
consists of the following: a thumb is placed in the axillary
cavity and the index and middle fingers, parallel to the
fetal arm, held it against the fetal head. The goal is to have
two leverage points: the first being the scapulohumeral
articulation that is rotated and the second being the elbow
articulation that is flexed.

In the ascent block—that is, when the upper limb is
pushed back against the fetal occiput—the fundamen-
tal phase of the maneuver is, initially, the rotation of the
elbow articulation, so that the arm from posterior moves
to anterior position, followed by the lever movement, with
fulcrum in the scapulohumeral articulation, to lower the
arm.

Version through external maneuvers with fetus in
breech presentation

The trend in modern obstetrics is not to deliver a breech
presentation vaginally, but rather to reduce the incidence
of cesarean deliveries in primigravidae with breech pre-
sentation, through version in case of a single fetus in
breech presentation.
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Figure 4.53 Touching and holding the blocked foot in the breech extraction incomplete variant. The foot close to the uterine
breech can be lowered by pulling downward in order to disengage the anterior hip. This is followed by an upward pull that creates
space between the posterior hip and the uterine wall so that the holding maneuver can be performed on the foot of the limb that

did not descend.

Figure 4.54 Maneuver for lowering the lower limb (subsequent phase): the operator feels the foot and then must surround the
ankle with his or her index and middle fingers and pull to lower the lower limb in the uterine cavity. During these maneuvers the
fetus normally rotates (in the figure the fetus moves to the posterior transverse sacroiliac position) in the direction of the major axis
of the hysterotomy and laparotomy incision. This will also create more space for the following maneuvers.
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Figure 4.55 Complete presentation feet variant after inci-
sion of the lower uterine segment: (a) posterior right sacroiliac
variant and (b) anterior left sacroiliac variant.

Some studies have shown that external cephalic version
(ECV) is effective in reducing the incidence of breech pre-
sentations in full-term pregnant women and therefore of
Cesarean deliveries performed for this purpose.

The American College of Obstetricians and
Gynecologists (ACOG) in 2001 [7] and the Royal College
of Obstetricians and Gynaecologists (RCOG) in 2006 [1]
have included ECV among the standard procedures in the
management of full-term breech presentations, thereby
allowing the maneuver to be provided to all pregnant
women with breech presentation, in normal full-term
pregnancies.

The version of the fetus from breech to cephalic posi-
tion, in order to restore the best presentation for vaginal
delivery, is a technique that has been applied for years
[8-11] and is also contained in the latest Royal College
guidelines from December 2006 [1] (level of evidence I A).
In fact, in many Anglo-Saxon birth centers, ECV is rou-
tinely provided upon request. According to clinico-epide-
miological studies [12-16], ECV, in the cases examined,

Figure 4.56 Complete presentation feet variant, (a) left
posterior sacroiliac; (b) right anterior sacroiliac variant.

reduces the incidence of breech delivery to under 1% with
a concurrent reduction in the number of cesarean deliver-
ies (especially true when the intervention is systematically
performed for this presentation) [17].

As mentioned, ECV is a method that has been known
for a very long time. In Italy, however, modern obstetrics
has limited its use and few apply it for fear of complica-
tions and medicolegal repercussions. The essential condi-
tions needed for this maneuver are the following: placenta
preferably at the fundal level or inserted at the back, a
normal amount of amniotic fluid, intact amniochorial
membranes, a reassuring fetal cardiogram, no contractile
activity of the patient’s uterine muscles, the fetus must be
actively moving in an ultrasound examination, with the
dorsum in a lateral position [1,7,15,16]. The mother obvi-
ously must not have excessive abdominal subcutaneous
panniculus adiposus [1,7].

The contraindications of ECV can be classified as mater-
nal, fetal or adnexal, or conversely, absolute or relative.
Absolute maternal contraindications are the following:
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Figure 4.57 Complete presentation feet variant, (a) posterior transverse sacroiliac; (b) anterior transverse sacroiliac.

indications for an elective cesarean delivery, birth canal
anomalies, previous nontransverse hysterotomy, and lack
of informed consent of the pregnant mother. Relative
maternal contraindications are gestational age under 36
weeks, maternal pathologies (such as hypertension, dia-
betes, gestosis, hyperthyroidism, etc.), previous hyster-
otomy or metrorrhagias during pregnancy, and uterine
malformations.

Absolute fetal contraindications instead are the follow-
ing: twin pregnancy or serious fetal anomalies (hydroceph-
alus, anencephaly, heart disease, etc.) and nonreassuring
fetal cardiogram before the ECV procedure. The relative
contraindications are the following: delay in intrauterine
growth or estimated fetal weight over 4000 grams and
incomplete breech variant.

Absolute contraindications of fetal adnexa are the fol-
lowing: abnormal placental insertion (placenta praevia),
significant oligohydramnios (under 50), or premature rup-
ture of the membranes. Relative contraindications include
placenta with anterior insertion [1,7,15,16].

Before beginning any maneuver, the obstetrician must
make sure that the fetus is in good health with ultrasound
and cardiotocography (CTG) exams, to be repeated after
the ECV at predetermined intervals of 3 or 6 hours.

To perform this method the pregnant woman must have
an empty bladder, be lying supine with slightly flexed legs,
and have signed an informed consent. Some obstetricians
prefer the woman to be in a slight Trendelenburg position,
and others prefer the lateral decubitus position. In any
case it is best that the pelvis be slightly raised (to facilitate
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Figure 4.58 The operator inserts his or her hand in the
uterine cavity and locates the fetal feet. While the operator
lifts the uterine breach with his or her left hand to increase
the available space, the right hand is used to grab the feet and
extract them from the breach, thus extracting the legs.

Figure 4.59 The surgeon applies his or her hands on the
lower limbs of the fetus. The thumbs are pointing in the medial
direction and are applied on the posterior side of the thighs
up to the gluteal sulcus. The remaining fingers firmly hold the
fetal inguinofemoral area.

Figure 4.60 First phase of the Piper maneuver: the fetus is pushed upward.
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Figure 4.61 Second phase of the Piper maneuver: the fetus is pushed upward with breech rotation.

Figure 4.62 Third phase of the Piper maneuver: rotation is achieved by pulling the front leg.
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e }/ \ Figure 4.65 Disengagement maneuver of the anterior

shoulder.
Figure 4.63 In this maneuver, the fetus is delicately pulled
until its bisacromial diameter is positioned in a latero-lateral
direction, along the major axis of the uterine breach.

¥

N

Figure 4.64 By pulling the fetus downward, the shoul-
ders will engage and the axillary cavity and anterior arm will Figure 4,66 Disengagement maneuver of the posterior
emerge. shoulder after the fetal body has been rotated by 90°.


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-128.jpg&w=205&h=283
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-129.jpg&w=205&h=271
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-130.jpg&w=227&h=261
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-131.jpg&w=227&h=333

Breech extraction maneuvers 93

Figure 4.69 First phase of the Mauriceau maneuver: the
surgeon, with his or her right hand, locates the buccal cavity of
the fetus and inserts his or her index and middle fingers.

Figure 4.67 Anchoring maneuver of the fetal shoulders in
which the fingers of the surgeon applied on both sides of the
fetal shoulders pull in a forward and upward direction.

Figure 4.68 After disengagement of both shoulders,

and before disengaging the head, the umbilical cord must be Figure 4.70 Second phase of the Mauriceau maneuver:
“freed” so that the funicle loops can be extracted to prevent the surgeon simultaneously pulls up with his or her left hand
them (to the extent possible) from being compressed by the on the neck, while the right hand placed in the fetal mouth

fetal body against the uterine breach. disengages the head from the uterine breach.
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Figure 4.71 Mauriceau maneuver: the operator inserts the index and middle finger of the left hand in the mouth of the fetus and
exerts some pressure on the jaw, while with the right hand he or she pulls on the neck and lifts the fetus high (left-handed operator).
The assistant maintains a constant suprapubic pressure to facilitate the maneuvers of the operator.

Figure 4.72 Wignard maneuver: the operator carefully pulls the jaw with the index and middle finger of the left hand placed in
the fetal mouth, and with the right hand on the suprapubic area gradually pushes the head.
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Figure 4.73 The right upper fetal limb is blocked with a
top-down movement—that is, a descent block. Initially, the
right upper limb had risen alongside the head; the forearm
then dropped behind the occiput toward the upper part of the
fetal dorsum. By touching the axillary cavity one can feel that it
is wide and nearly flat.

the disengagement of the breech) and that the pregnant
woman be infused with a tocolytic drug (to maximize
relaxation of the uterine muscles) [17,18].

The obstetrician places his or her nearly flat hands on
the two fetal poles and applies a constant pressure in the
attempt to turn the fetus with an anterior (craniocau-
dal) or posterior (caudocranial) movement. The rotation
of the fetus is easier in the direction that accentuates the
flexion of the trunk, in the direction in which the fetus
“sees,” which is also the shortest distance for cephalic
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Figure 4.74 The left upper limb is blocked with a bottom-
up movement—that is, an ascent block. Initially, the upper
limb was lowered along the side of the fetus; the forearm
then moved behind the dorsum and was forced to move in an
upward direction. By touching the axillary cavity one can feel
that it is narrow and deep, which differentiates this from the
ascent block.
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Figure 4.75 External cephalic version of fetus in breech
presentation with left anterior fetal dorsum.

presentation (Figures 4.75 and 4.76). Some obstetricians
prefer to exert pressure only on the fetal dorsum or only
on one fetal pole (breech or cephalic extremity).

During the entire rotation of the fetus, it is necessary
to check the fetal heart rate with CTG and for any vaginal
blood loss (due to detachment of the placenta, a rare but
possible event). For this reason the rotation should be per-
formed in completely safe conditions, with a team ready
to intervene should a cesarean delivery become necessary
[19]. In most cases ECVs are carried out normally and do
not cause discomfort for the woman: should this not hap-
pen the maneuvers must be immediately suspended, and if
necessary, regional anaesthesia must be applied.

After the maneuver, it is recommended to use tocolyt-
ics, such as nifedipine, terbutaline, or atosiban, to relax the
uterus [17-19].

Risks and complications in the use of ECV include
placental trauma, which can cause a partial or complete
detachment of the placenta from the insertion site: this
occurs in 1% to 4.5% of cases and apparently is due to
excessive force applied during the ECV maneuver [20,21].
The force that is applied during the ECV determines an
increase in pressure in the intervillous space, which results
in the rupture of vessels and the formation of retroplacen-
tal hematoma. It is therefore reccommended to never exert
too much force during the version [22].
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Figure 4.76 The fetus after the version maneuver has
turned in the anterior direction (craniocaudal) with dorsum to
the right and breech at top left.

Another risk associated with ECV is the wrapping of
the funicles around the fetal neck, as confirmed by stud-
ies. Furthermore, version reduces the greater frequency of
funicle complications associated with breech delivery, in
which the incidence of prolapsed funicle is 3-20 times that
of cephalic delivery [1,7,20].

ECV rarely causes rupture of the amniotic sac, though
there is an increase in changes to fetal heart rate recorded
with a cardiotocograph after an ECV. It has been estab-
lished that version maneuvers modify the heart rate in
20%-40% of cases. These changes, however, are transitory
and disappear 15 minutes after the maneuvers end [23].

Last, the frequency of hemorrhage or fetal-maternal
transfusion is between 2% and 30%: it has been demon-
strated that ECV can cause a transfusion between fetus
and mother. For this reason at the end of the procedure
anti-D immunoglobulins are administered to women with
Rh-negative blood type.

The percentage of positive outcome of the maneuver,
when correctly performed, is around 70%-90% [1,7,24].

It is apparent that ECV is simpler in earlier stages, but it
is also true that by intervening before the 32nd-34th week
many fetuses, which would have spontaneously turned
in the uterus, would be subjected to this maneuver. The
scientific literature reports that once version occurs at the
37th week or later, very few fetuses return to the breech
presentation [25].

Conclusions

Normally fetuses in breech presentation spontaneously
turn to other presentations up to the 37th week [26].
After this date the fetus is unlikely to change the initial
presentation [27]. In some countries, physicians resort to
external cephalic version, assisted by tocolytic betami-
metics [28].

In modern obstetrics, breech presentation, in most
cases, leads to delivery by cesarean delivery [28,29]. Due
to medical and legal risks tied to vaginal birth complica-
tions [30], most obstetricians prefer abdominal delivery to
assisted vaginal delivery [31-33].

Generally, cesarean delivery of a breech presentation
can be planned after the 38th week of gestation and out-
side of labor [34,35]. However, some reviews and trials
have evaluated the possibility of providing vaginal birth
to patients who are strongly motivated, without patholo-
gies in the anamnesis, with maternal and fetal well-being,
and not at risk of the complications inherent with this
maneuver. These studies have concluded that there is no
difference for these selected patients in the maternal-fetal
outcome [1,7,36-39].

Maneuvers for delivery of the fetus in breech presenta-
tion, during a cesarean delivery, are the same as those dur-
ing assisted vaginal delivery. Similarly, external cephalic
version maneuvers are basically the same as those that
were performed in the past [8-11] to avoid fetal damage
[40]. External cephalic version is an obstetric intervention
that is still used in some countries, and it reduces the inci-
dence of cesarean deliveries. It favors the rotation of the
fetus from breech to cephalic present and is without par-
ticular risks. It is recommended for those cases in which
the patient requests it [1,7,12-16].
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Fetal extraction with instruments

...any obstetrician that extracts a fetus from
the uterine breach must remember this. If
a caesarean delivery is performed to pro-
tect the brain of the baby from the trauma
which would occur vaginally, or for obstet-
ric reasons, special attention must be paid
when removing the body and the head.
Any trauma that occurs during a Caesarean
delivery cannot be justified.”
(R. Durfee, in Gynecologic and Obstetric Surgery.
DH Nichols, 1993)

EXTRACTION WITH INSTRUMENTS

When all extraction attempts do not succeed, instruments
such as forceps and ventouse (vacuum extractor) must be
used. An extraction with instruments is always preferable
to a widening of the hysterotomy breach as the pedunculi
of the uterine arteries can be damaged [1].

Besides those specific cases during a cesarean deliv-
ery in which the fetal head needs to be extracted with

instruments, some operators prefer to disengage the head
from the uterine breach using a ventouse. The phases and
methods, however, are those of the vaginal delivery.

Some operators use single-use vacuum extractors. These
offer certain advantages as they are smaller and can be bet-
ter handled than traditional vacuum extractors. In addi-
tion, subjective pressure can be applied on the scalp, and
when necessary, the device can be deactivated manually.

In using forceps during a cesarean delivery, greater
attention must be paid to application time and traction
methods. The latter, however, have phases that are com-
parable to those of vaginal delivery. The use of forceps or
vacuum extractor should be considered only when manual
maneuvers fail [2-4].

There are certain conditions that may lead to its use:

® Cephalic presentation:

o The fetal head is too high, meaning it cannot be
firmly held and maneuvered—even with fundal
pressure.

o The head is deeply engaged in the superior strait
and cannot be easily pushed out.

® Breech presentation: hyperflexion of the fetal head.

Using forceps

Short forceps with crossed branches and sliding mecha-
nism (Pajot or Smellie) or with divergent branches (Suzor)
can be used.

As an alternative, a single forceps branch may be used
as a lever, with the pubic symphysis functioning as a ful-
crum. Some authors [5] do not recommend it as it might
widen the hysterotomy breach and have fetal repercus-
sions (cephalohematomas).

There are two different types of cephalic presentation,
depending on whether the fetal occiput is anterior or
posterior.

Application of forceps during a cesarean delivery

The figures in the text refer to the application of forceps
during a cephalic presentation:

® Slide the left branch of the forceps along the palm side of
the technician’s left hand (Figures 4.77 and 4.78).

® Move the branch forward along the cheek of the fetus
(Figure 4.79).

® Insert the right branch using the same technique
(Figure 4.80).

® Crossthe two branches (Figure 4.81): the branches should
have an upward concavity in case of anterior occiput and
downward concavity in case of posterior occiput.

® Quickly and delicately extract the head of the fetus
(Figure 4.82) by pulling on the crossed branches of the
forceps directed upwards while the contralateral hand
lowers the edges of the uterine breach so that the head
can more easily disengage from it.

® The next phase may require the use of a single branch
that functions as a lever between breach and head,
allowing the head to emerge (Figure 4.83).



Handle

Fulcrum
or pivot

Collar

Spoons

Branches

Figure 4.77 The left branch is inserted and guided by the
operator’s right hand (a); illustration of the Naegele forceps
and its various parts, with an upward and forward curvature
of the branches and of the apex of the branches compared to
other types of forceps (b).
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Figure 4.78 Deep positioning, from top to bottom, of the
left branch.

® In the event of cephalic presentation, in which it is
difficult to manually extract the head, forceps are used
by applying the branches directly and symmetrically on
the head of the fetus. This maneuver is made easier by the
better visibility of the presented part through the uter-
ine breach and the easier palpation of the scalp sutures
compared to vaginal delivery, even in the event of poste-
rior occiput presentation (Figures 4.84 and 4.85).

® A single branch of the forceps may be used when extrac-
tion of the head from the uterine breach proves to be
especially difficult. The branch is placed between the
head of the fetus and the Doyen autostatic valve to
increase leverage. If necessary, the operator or assis-
tant can apply external pressure on the uterine fundus,
which allows the presented parts to slide on the forceps
branch that functions as a lever (Figure 4.86).

In case of breech presentation use Piper forceps or, bet-
ter yet, Piper forceps modified according to Laufe. The
modified forceps have divergent branches that are shorter
and easier to handle than the conventional version [6].

The method for applying forceps to the head is similar
to the one used in vaginal delivery:

® The assistant is tasked with lifting the fetal body so that
the head and uterine breach are visible.

® As when applying this method to the vaginal delivery,
insert the left branch along one side of the fetal face, in
which the palm side of the technician’s hand is used as
a guide.

® Perform the same procedure with the right branch.

® Once the forceps are applied, flexion of the head is
achieved by delicately lifting the legs and lowering the
fetal head toward them.

® The extraction is completed by pulling externally and
lifting the gripped part.
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Figure 4.80 The operator inserts the right branch of the forceps.
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Figure 4.82 The operator performs the extraction: as the left hand lifts the fetal head upward to facilitate the extraction, the
right hand lowers the lower edge of the uterine breach.
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Figure 4.83 Once the right branch is freed, the operator uses the left branch as a lever to facilitate the extraction of the head.

Vacuum extractor

The use of an obstetric ventouse for fetal head extraction
during a cesarean delivery was described for the first time
by Solomons in 1962 and is an excellent alternative to the
use of forceps [7].

After the uterine incision, the assistant generally sta-
bilizes the head on the lower uterine breach and exerts a
pressure on the uterine fundus. As in the vaginal deliv-
ery, the vacuum cup is carefully inserted inside the uterine
breach (Figure 4.87).

The first operator places the ventouse on the pre-
sented part and applies an automatic vacuum suction
(Figure 4.88) to carry out a test traction (Figure 4.89). The
operator then pulls and rotates the fetal head following the
movement with two left-hand fingers placed on the cup
(Figure 4.90). The fetal head is then pulled in an upward
direction so that the chin can emerge from the uterine
breach (Figure 4.91) [8]. Once the head has emerged from

the breach, the obstetrician releases the vacuum from the
presented part by interrupting the negative pressure on
the fetal head and releasing the suction mechanism on the
soft tissues of the fetal head (Figure 4.92).

As mentioned, single-use vacuum extractors are cur-
rently used in many delivery rooms as they have many
advantages over traditional extractors: they can be easily
handled, are smaller compared to the traditional vacuum,
the negative pressure on the fetal scalp can be modulated,
the device can be released directly by the operator, and the
materials are sterile and disposable (Figure 4.93).

There are several advantages to using the vacuum
extractor during a cesarean delivery:

® The volume of the presented part is not increased.

® The head is not compressed.

® Damages or extensions of the uterine incision are
infrequent.

® The head can be extracted at any level.
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Figure 4.84 sagittal section of a female pelvis, which shows the Naegele forceps inserted through the uterine breach and cor-
rectly applied, in a direct and symmetrical manner, on the fetal head. (Modified from Malvasi A, Di Renzo GC. Ecografia intraparto ed
il parto, Bari, Italy: Editori Laterza; 2012.)

Figure 4.85 Ssagittal section of a female pelvis, which shows the direct and symmetrical application of the branches of the
Naegele forceps on the fetal head in the occiput posterior position.
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Figure 4.86 The operator uses only one branch of the forceps, placed between the fetal head and the Doyen retractor, in order
to increase leverage; the operator exerts an external pressure on the uterine body to facilitate the disengagement of the present-

ing part.

® The vacuum can be applied at any level of the fetal head,
even in the case of a not fully developed lower uterine
segment.

The only disadvantage compared to forceps is the longer
extraction time.

In 1973 Kobayashi introduced the plastic ventouse.
Later, numerous soft and semirigid cups were manufac-
tured, which contributed to the increase in use of the
obstetric ventouse. Indeed, starting in the 1970s, the
obstetric ventouse was the most widely used instrument in
vaginal deliveries [9].

In certain cases, the new “soft” obstetric ventouses that
improve the extraction of the fetal head are used even dur-
ing cesarean delivery. An example is the “Kiwi” single-use
ventouses of which there are two types: the OmniCup and
the ProCup [10].

The ProCup (Figure 4.93) is based on the Malmstrom
ventouse and is best indicated when the fetal scalp is posi-
tioned at the rima vulvae or in case of anterior occiput
position.

The Kiwi OmniCup is suited for all fetal head posi-
tions including posterior asynclitism and lateral malposi-
tion. The Kiwi OmniCup is the most widespread, used in
delivery rooms. It consists of a plastic cup inside which is
a shaped sponge. The cup is connected to a flexible tube
also made in plastic (Figure 4.94), connected to a manual
graduated suction pump (integral vacuum PalmPump)
with a quick-release button and a push-button bar that
creates a vacuum in the cup. Once the cup is applied to
the fetal scalp, the pressure needed to achieve the vacuum
is indicated on the dynamic bar of the manual pump
(Figure 4.95): clinical studies recommend a pressure
between 450 and 600 mm Hg (green zone) and below
620 mm Hg (red zone).

The Kiwi OmniCup (Figure 4.96) allows for an easy
and versatile application of a vacuum on the fetal scalp.
Traction can be regulated even in case of contamination
of the cup with amniotic fluid or blood.

Use the Bird concept (Bird’s “posterior cup” concept)
when applying the Kiwi to the occiput to achieve an
optimal pulling force. The operator can thus extract
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Figure 4.87 The operator inserts the vacuum cup inside the uterine breach in the same manner as during vaginal delivery—that
is, the cup, as it is inserted, remains perpendicular to the centerline of the uterine breach.

Figure 4.88 The operator positions the ventouse on the presenting part and applies the automatic suction of the vacuum
extractor.
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Figure 4.89 The operator pulls in order to test the cup’s grip.

Figure 4.90 The operator pulls on the fetal head, with two fingers of the operator’s left hand placed on the cup, as the head is
rotated.
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Figure 4.91 The obstetrician pulls on the fetal head in an upward direction so that the chin of the fetus can emerge from the

uterine breach.

the presented part without detaching it from the pull-
ing instrument. Unfortunately, the presented part is
frequently malpositioned, especially in case of asynclit-
ism and deflection. This complicates the application of
the traditional vacuum. In cases such as these, the Kiwi
OmniCup is practical, flexible, and does not cause trauma.
It has thus proven to be better than traditional ventouses
and can also be used for transverse and occiput posterior
positions. This is especially true for a cesarean delivery in
which the cup should be applied on any part of the scalp,
except on the face and ears.

Literature contains comparative studies and meta-anal-
yses on the application of both rigid and soft ventouses
during vaginal delivery. There are, however, few references
on the application of these instruments during a cesarean
delivery [11].

Compared to vaginal delivery, soft ventouses reduce
the risk of damage to the fetal scalp. However, it does not
seem to reduce the more serious fetal lesions, such as sub-
aponeurotic and intracranial hemorrhages. In addition,
when applied outside the occiput, it has a higher risk of
failure [12]. It seems therefore reasonable during a cesar-
ean delivery to use soft ventouses for extractions in which

the position of the fetal head is not especially difficult and
in which a pulling force is sufficient.

To correctly apply the “soft” vacuum, once the lower
uterine segment has been cut, start out by locating the
fetal occiput so that the cup can be correctly applied
on the fetal scalp. The operator then applies the cup on
the presented part with the left hand and with the right
hand maneuvers the manual pump to create the vacuum
(Figure 4.97).

If the cup cannot be applied on the fetal occiput, the
operator must position the cup as close as possible to
the occiput (Figure 4.98). The pressure must be slightly
higher than the standard pressure, and the traction
must be prolonged and careful to avoid detachment
of the device before the fetal head has been extracted
(Figure 4.99).

The use of forceps or obstetric ventouse in a cesarean
delivery depends on the experience of the operator and
whether special cases are present, such as fetal malfor-
mations [13]. This practice is, however, not common. The
forceps present a risk of facial and intracranial damages,
whereas the risks posed by obstetric ventouses are not as
severe. Literature, however, describes, in rare instances of
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Figure 4.92 The operator releases the vacuum from the presenting part by reducing the negative pressure on the fetal head,
which results in the swelling of soft tissues.

Figure 4.93 ProCup-type Kiwi ventouse.
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Figure 4.94 OmniCup-type Kiwi ventouse consisting of a plastic cup inside which is housed a shaped sponge; the cup is con-
nected to a flexible plastic tube attached to a graduated manual suction pump.

Figure 4.95 The pressure needed to create a vacuum on the fetal scalp is applied on the Kiwi OmniCup and is shown on a scale
barinserted in the manual pump: clinical studies recommend a pressure between 450 and 600 mm Hg (green zone) and in particular
below 620 mm Hg (red zone).
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Figure 4.96 The Kiwi OmniCup should always be applied on the occiput to achieve the best pulling force, in accordance with
the Bird concept.

Figure 4.97 The single-use vacuum extractor cup can be easily applied on the fetal scalp due to its small size.
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Figure 4.99 The operator employs a single-use vacuum extractor to disengage the fetal head from the uterine breach.

a vacuum applied during a cesarean delivery, intracranial
hemorrhagic damage and, in particular, subaponeurotic,
intraventricular, intracerebral, and subdural hemorrhages
[14]. In particular, fetal damage of the dura mater results
from repeated applications of the vacuum during particu-
larly difficult extractions.

Conclusions

The cesarean delivery is an intervention that has been cre-
ated to facilitate abdominal extraction of the fetus, which
would otherwise be difficult or impossible through vagi-
nal delivery.

Generally, the extraction is carried out manually by an
operator who may be assisted by a “Kristeller” applied on
the uterine fundus by the assistant.

However, in certain cases forceps and ventouses may
prove useful in the extraction of the fetal head from the
hysterotomy. Currently, a ventouse is preferred to forceps
due to the fewer numbers of complications, especially to
the fetus, that arise during their use [15].

As for the obstetric ventouse, the soft type is the most
used as it causes less trauma on the fetal scalp. Although
numerous studies in literature compare the use of rigid
versus soft ventouse, only a few case reports describe the
complications that arise following application of a ven-
touse during a cesarean delivery [16].

When determining whether these instruments can be
used during a cesarean delivery, the operator, in the cost—
benefit analysis, must consider the possible fetal complica-
tions that arise during use of these instruments [17].
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On the other hand the emergency cesarean delivery,
employed in the event of failure of both forceps and ven-
touse during vaginal delivery [18], is an extreme option
that could harm the fetus [19-21].
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Anomalous presentation

... The mother and the fetus are in serious
danger when a transverse situation is not
resolved. This situation must therefore be
considered “absolutely unfavourable”
(Marzius H. Trattato di Ostetricia, 1953)

INTRODUCTION

In obstetrics the word “presenting” refers to the part of the
fetus that initially encounters the maternal pelvis at the
beginning of labor. In 95% of pregnant women, the pre-
sentation is cephalic, and the head of the fetus is at the
entrance of the maternal pelvis.

Other presentations instead are defined as “anomalous.”
Anomalous presentations usually occur in twin pregnan-
cies (which we will discuss at the end of the chapter) and
frequently result in a cesarean delivery. Included among
anomalous fetal situations are those in which the fetus is
in the transverse situation—that is, the head is directed to
the side of the mother and the buttocks are in the opposite
direction.

Fortunately this situation defined as “transverse” is rare
and occurs in less than 2% of all full-term pregnancies [1].
When the shoulder of the fetus is at the entrance of the
pelvis, it is defined more commonly as “shoulder” presen-
tation. In this case, vaginal delivery is impossible, as the
fetus obviously cannot move through the maternal pelvis
in a transverse position [2].

This occurs more frequently in pluriparous mothers
and can at times have a serious complication, the pro-
lapse of the funicle, as in the transverse situation the
naval is close to the uterine orifice and the presenting



part is high [3]. The transverse presentation of the fetus
is an absolute indication for the completion of the cesar-
ean delivery, as the fetus is horizontal, with high or low
dorsum [1,4].

Below is a detailed explanation of fetal extraction in
transverse presentation during a cesarean delivery.

FETUS IN A TRANSVERSE POSITION (SHOULDER
PRESENTATION)

Whenever a fetus is in a transverse intrauterine position,
its major axis is perpendicular to the major axis of the
mother. The shoulder is located above the pelvic cavity
with the head in one of the two iliac fossae and the breech
in the contralateral side [1].

There are two types of transverse positions: ante-
rior dorsal and posterior dorsal (Figure 4.100), both of
which include two presentations: right shoulder and left
shoulder. In order to determine the position of the fetus
in transverse presentations, in addition to traditional
abdominal palpations, it is recommended to perform
an ultrasound examination before the cesarean delivery
[5] so that the operator can prepare the proper extrac-
tion maneuvers (Figures 4.101 and 4.102). An ultra-
sound before a cesarean delivery is recommended due
to the need to locate the placenta, which, when anterior,
is likely to be encountered during the hysterotomy. An
unstretched internal uterine segment in fact is “uninhab-
ited” by any fetal part.

If the placenta is cut during the incision, it will bleed
and may require version and fetal extraction maneuvers
to be carried out quickly [6]. Therefore, it is best for them
that the hand of the operator knows where to look for the
fetal parts that were previously shown with ultrasound. In
terms of fetal extraction, it is best to remember that the
transverse position is more difficult for the operator com-
pared to a cephalic and breech extraction (in all variant
forms). The reason is that the transverse position stretches
the longitudinal fibers of the myometrium in the trans-
verse direction and therefore results in hypertonia (which
in deliveries is generally referred to as “risk of uterine rup-
ture”) [7].

In the case of transverse position of the fetus, because
most cesarean deliveries are carried out under regional
anesthesia, it is important to determine with the anes-
thetist whether it is preferable and/or necessary to sedate
the pregnant woman or even to perform general anesthe-
sia [8].

Cesarean delivery for a fetus in transverse position
must, obviously, be indicated during labor or outside
of active labor when all preventive maneuvers for external
version have failed. However, external version maneuvers
may prove useful even during a cesarean delivery. These
maneuvers may be performed by the operator to assist
in the fetal version or by the assistant, in a coordinated
manner, so as to preventively determine, for example, the
movement of the cephalic extremity of the fetus [9,10].

If possible, before performing any traditional extrac-
tion maneuvers for the fetus in transverse position, the
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(a)

Figure 4.100 (a) Leopold maneuver in transverse pre-
sentation and inferior dorsum. (b) Anterior dorsum. (Modified
from Malvasi A, Di Renzo GC. Semeiotica Ostetrica, Rome, Italy:
CIC Edizioni Internazionali; 2012.)

position of the shoulder should be determined in order
to avoid mistakenly grabbing the hands (Figures 4.103
through 4.105).
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(a)

Figure 4.101 (a) Transverse presentation with head to the

left and anterior dorsum. (b) Transverse position with head

to the right and posterior dorsum. (Modified from Malvasi A, Figure 4.102 (a) Transverse presentation with head to the

Di Renzo GC. Ecografia intraparto ed il parto, Bari, Italy: Editori left and posterior dorsum. (b) Transverse position with head

Laterza; 2012.) to the right and anterior dorsum. (Modified from Malvasi A,
Di Renzo GC. Ecografia intraparto ed il parto, Bari, Italy: Editori
Laterza; 2012.)
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Figure 4.103 Transverse position with posterior dorsum and with head to the left (axillary space closed to the left). Through
palpation of the axillary space closed on the side of the head, the operator can direct his or her hand toward the breech, avoiding
the upper limb of the fetus.

Figure 4,104 Transverse position with posterior dorsum and head to the right (axillary space closed at right).
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Figure 4.105 Maneuvers for locating the fetal hand and foot: the operator can feel the long and flexible fingers of the hand,

whereas a foot is not as flexible and has short toes.

MANEUVERS FOR EXTRACTION OF THE FETUS IN
TRANSVERSE POSITION DURING CESAREAN DELIVERY

The extraction of the fetus in transverse presentation
requires a version maneuver that is more difficult, as the
fetus is in a transverse, inferior dorsum position. In fact,
it is necessary to reach back to the uterine fundus in order
to locate the foot (Figure 4.106), grab it, bring it toward the
uterine breach (Figure 4.107), and complete the extraction
with both feet (Figure 4.108).

The extraction maneuvers for fetus with anterior dor-
sum are the following:

® After the hand has been inserted into the uterine
breach and the feet have been located, carry out a
maneuver similar to that of Pinard [11,12] to lower the
lower fetal limb for an incomplete breech presentation,
buttocks-only variant (Figure 4.109). If the fetus to be
extracted is with the dorsum in an anterior position,
the maneuver is more complex in that to reach the
fetal feet a longer portion of the arm must be inserted.
If possible the operator should grab both feet, other-
wise he or she should grab the one foot that is easier
to reach [12].

® Firmly hold onto the foot with the entire hand or, bet-
ter yet, with the index and middle finger crossed on the

fetal malleolus. If possible, grab the other foot with the
third and fourth fingers. These maneuvers must be car-
ried out with caution and proper timing, while taking
into account that after the hysterotomy and rupture of
the membranes the uterus tends to retract [13].

After grabbing a foot or better yet both feet and bringing
them to the uterine breach, the fetus will move toward a
vertical position. If pulling on one foot is not concurrent
with the descent of the other foot, then this other limb
must be located. If there is difficulty in the version, the
fetal head must be pushed back (with hand inserted in
the uterus) in an attempt to bring the fetus to a verti-
cal position in breech presentation. This verticalization
maneuver [7-9] can be assisted by the second operator
who pushes the head back toward the uterine fundus
from the outside, while the operator extracts the fetus
from the breach (Figures 4.110 and 4.111).

Once the operator has grabbed the ankles of the fetus
symmetrically, he must complete the extraction of the
fetus in the same manner as in a complete breech pre-
sentation, foot variant (Figures 4.112 and 4.113).

In short, the operator must always perform the fetal

version, for a fetus in a longitudinal position, by pulling
in an external direction until the legs come out, and by
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Figure 4.106 Transverse fetus with posterior dorsum: once the operator has reached inside the uterine cavity, he or she must
search for the fetal foot and grab it.

Figure 4,107 Once the foot has been grabbed, the obstetrician can perform the fetal version.
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Figure 4.108 Once the version is performed, the operator
can complete the fetal extraction.

completing the extraction as in a breech presentation [14].
However, these maneuvers are not always easy and may
even prove to be especially difficult in cases of transverse
position with lower dorsum, ruptured membranes, and
wedged shoulder or, even worse, with “neglected shoulder”
(Figure 4.114). This is a rare occurrence as the transverse
position of the fetus can be evaluated and checked with
ultrasound monitoring.

However, in case of premature rupture of membranes,
for single or multiple births, with partial dilation of the
uterine cervix, a “neglected shoulder” situation may occur.
This anomalous presentation is a true obstetric emergency
to be resolved with an emergency cesarean delivery. Further
engagement of the shoulder would in fact make the fetal
extraction more difficult. After a hysterotomy, the operator
must use extreme skill and caution in disengaging the arm
prolapsed into the vagina. It must be moved back up and
reduced before the fetus can be extracted.

The entire maneuver is made more difficult due to uter-
ine hypertonia caused by the stretching of the longitudi-
nal muscles in the direction of the transverse fetus and by
the possibility of uterine tears in the transverse direction
(along the vessels).

It may become necessary to perform a “reverse T” uter-
ine incision or, preferably, a longitudinal body incision
(according to Singer) or on the lower uterine segment
(according to Kronig) [15].

Figure 4.109 (a) After inserting the hand in the uterine
breach and having located the feet, (b) perform a maneuver
similar to that of Pinard to lower the lower fetal limb for an
incomplete breech presentation, buttocks-only variant.

Figure 4.110 After inserting the hand in the uterine
breach, gravity lower a fetal foot through the uterine breach.
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Figure 4111 The operator moves the fetus toward a vertical position, pushes the head toward the uterine fundus, in mixed
maneuvers.

Figure 4.112 The operator grabs both ankles, judiciously moves the fetal axis to a vertical position before a breech extraction
from the feet.
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Figure 4113 The operator extracts the fetus by exerting a slight and gradual traction and pushing, through external maneu-
vers, the head of the fetus from its original position toward the uterine fundus.
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Figure 4114 sagittal section of full-term pregnant uterus during a cesarean delivery. The operator before the fetal extraction
pulls the fetus up in order to recover the right upper limb prolapsed in the vagina.
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Conclusions

Ultrasound is currently the gold standard in terms of diag-
nosis of transverse position of the fetus. Delivery is instead
carried out with an elective cesarean delivery when the
version of the fetus cannot be achieved through external
maneuvers.

However, traditional semiotics at the opening of the
uterine wall maintains its diagnostic validity. Palpation of
the axillary space and differential palpation of hand and
foot are of help for the subsequent extraction.

Fetal extraction in the transverse position is performed
with internal version maneuvers similar to those per-
formed vaginally.

The “neglected shoulder” is nowadays a rare occurrence,
as the transverse position is monitored via ultrasound.
However, when diagnosed it requires an emergency cesar-
ean delivery. Careful attention must be paid during the
reduction of the operator limb prolapsed into the vagina
in order to prevent fetal lesions.
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Placental removal and uterine

exteriorization techniques

ANTONIO MALVASI and GIAN CARLO DI RENZO

...Itisrare for the placenta to come off quickly
and be detached with fingers. When strips of
deciduous membranes remain adherent to
the uterine wall they can be detached with
fingers covered with sterile gauze...

(A. Ribemont-Dessaignes, Traité d’obstétrique, 1923)

PLACENTAL REMOVAL

Placental removal and exteriorization maneuvers belong
to the postpartum phase of a cesarean delivery (CD) and
are accompanied by auxiliary maneuvers aimed at improv-
ing the postpartum and postnatal periods and reducing
complications.

Placental removal (or the third stage of labor) is the
period of delivery that goes from fetal expulsion and/
or extraction to the delivery of placenta and membranes
[1-3].

Placental removal can be seen as the phase between the
second stage of labor and the stage of fetal separation from
the placenta, which is the moment when the umbilical
cord is cut (Figure 5.1).

Although placental removal in spontaneous delivery
has been thoroughly studied, the literature has dedicated
much less attention to placental removal in cesarean deliv-
eries. One reason is the “routine” practice of manually
removing the placenta in the course of a cesarean deliv-
ery. The placenta is manually extracted to reduce the third
stage of labor or, more frequently, for the operator’s conve-
nience (Figure 5.2).

Manual removal of the placenta performed in the course
of CD, however, does not have a clinical or scientific justi-
fication. In fact by examining the literature, including the
not-so-recent items, one can see that Stoekel wrote in 1925,
“wait until pain from manual placental removal appears
and then obtain the expression of the placenta through the
incision with the Credé’s maneuver” [4].

The reluctance of obstetricians in the past to carry out
manual placental removal during CD—as well as the
decision to wait for spontaneous placental removal, or to
squeeze the uterine fundus through the abdominal wall—
was born from the need to reduce surgical maneuvers and
therefore the likelihood of bacterial contamination of the
uterine and abdominal cavities (Figure 5.3).

For that matter, Khan and Rogers have also shown that
instrumental management of placental removal should
only proceed with a careful traction on the umbilical cord
after a prophylactic injection of oxytocin [5,6]. This same

conceptis confirmed by Merger who, in regard to the cesar-
ean delivery technique, notes: “Sixth stage: expression of
the placenta by squeezing the uterine fundus through the
abdominal field, or normal placental removal through the
uterine breach...” [7].

A more detailed description of placental removal
during cesarean deliveries was described by Racinet
and Favier, in their book titled La Cesariénne: “...if the
cord has not been cut according to the Dunn technique,
placenta detachment can be hastened by grasping the
uterine fundus and gently massaging it so as to provoke
uterine contractions: the placenta usually appears in the
hysterotomy opening with its fetal side....” [8]. The free
hand will then exercise a gentle traction on the cord to
extract the placental mass (Figure 5.4). The membranes
usually emerge from the uterine cavity without great dif-
ficulty, aided by the application of ring forceps to pre-
vent them from being lacerated: if the cord is cut there
is more time available for the spontaneous detachment
of the placenta.

Remember that excessive traction force on the cord may
cause a uterine inversion when the uterus is hypotonic.
Inversion is almost always associated with strong adher-
ence of the placenta to the decidua and, in such an event,
the placenta appears voluminous. The obstetrician’s exter-
nal hand can also notice the characteristic vial bottom—
shaped depression on the uterine fundus.

One should therefore proceed without haste (but with-
out stalling) with the manual disengagement of the pla-
centa, which can be favored by, usually uncomplicated,
artificial placental removal (Figure 5.5).

An additional maneuver during placental removal
is to extract the membranes with a “twisting maneu-
ver” (Figure 5.6). This maneuver is an attempt to com-
pletely detach the membranes when they do not adhere
to the underlying decidua. It should not be forgotten
that, unlike spontaneous delivery, membranes in a CD
are cut at the uterine segment level. The lower pole of
the amnion-chorion sac, therefore, generally tends to
remain in the lower part of the open uterine cavity. The
“twisting maneuver” almost always detaches the entire
amnion-chorion sac.

Therefore, despite the fact that “experience-based medi-
cine” indicates that placental removal should occur spon-
taneously in the course of CD, often placenta is removed
manually, without any real indication. (Note that patho-
logical placental removal is discussed in another chapter
of this book.)
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Figure 5.1 The umbilical cord is clamped with Kocher forceps and is cut off with straight Mayo scissors; this maneuver starts the

third stage of labor.

Figure 5.2 Manual removal of placenta in the third stage
of labor in the course of a cesarean delivery. The technique is
analogous to manual placental removal in spontaneous deliv-
ery: the hand is inserted through the lower uterine segment
into the uterine cavity and feels the upper margin of the pla-
cental plate; the maternal side is gradually detached with the
fingertips until the placenta with the membranes is extracted.

T AL VA4S

Figure 5.3 Manual placental removal in Sanger’s tradi-
tional conservative cesarean delivery (modified by Berkeley
and Bonney) was as follows: “fetal extraction must be followed
by placental removal which can sometimes be achieved spon-
taneously, but more often needs to be preceded by squeez-
ing with the Credé’s maneuver or manually, while making sure
that all membranes are detached from the inner surface of the
uterus” [76].
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Figure 5.4 Spontaneous placental removal during cesarean delivery with Credé’s technique and simultaneous careful traction

on the previously clamped umbilical cord.

The method used during spontaneous placental removal
in the course of CD, should not be different from the con-
trolled traction on the umbilical cord that occurs during
vaginal delivery. Spontaneous placental removal has, how-
ever, proven to be better than manual placental removal as
the latter does not provide myometrial cells with the time
necessary to contract and therefore determines an increased
blood loss, as proven by a study from 2007 by Pefia Marti
[58] and by two Cochrane studies in 2008 [59,60].

Not only “experience-based medicine” but even “evi-
dence-based medicine” has confirmed that spontaneous
placental removal is preferable, whenever possible, to
manual removal. In a review on active management of the
third stage of labor, Prendiville et al. noted that manual
placental removal is often associated with increased mater-
nal blood loss (weighted mean difference of 79.33 mL, 95%
confidence interval [CI], from 94.29 to 64.37) (Figure
5.7), postpartum hemorrhage of more than 500 mL (rela-
tive risk of 0.38, 95% CI, from 0.32 to 0.46) (Figure 5.8),

and extension of the third stage of labor (mean difference
measured in 9.77 minutes, 95% CI, from 10.00 to 9.53) [9].
Active management was also associated with maternal
nausea (relative risk of 1.83, 95% CI, from 1.51 to 2.23),
vomiting, and increased blood pressure, probably due to
the use of ergometrine. Conversely, no advantages or dis-
advantages were noted in terms of neonatal outcomes [9].

In another Cochrane review, Carroli and Bergel, after
confirming that manual placental removal represents an
invasive procedure in spontaneous delivery that can result
in bleeding, infections, and trauma of the maternal genital
tract, concluded that the injection of saline solution asso-
ciated with oxytocin could be the most suitable noninva-
sive method for favoring spontaneous placental removal in
case of retained placenta [10].

In a further review, Wilkinson and Enkin evaluated
several trials that compared manual placental removal
methods in 224 women who underwent elective or emer-
gency CD. The review showed how the manual removal
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Figure 5.5 Completion maneuver of manual placental removal: the operator grasps the placenta from the bottom edge using
both hands and completes the placental removal, without inserting the hands in the uterine cavity. (Modified from Di Renzo GC.
Trattato di Ostetricia e Ginecologia, Rome, Italy: Verduci Editore; 2009.)

Figure 5.6 The “twisting maneuver” of the amnion-chorion membranes during placental removal.
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Figure 5.7 Assessment of blood loss after spontane-
ous placental removal. (From Prendiville WJ, Elbourne D,
MacDonald, S: Active versus expectant management in the
third stage of labour. (Cochrane review). The Cochrane Library.
2004. Issue 3. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.
Reproduced with permission.)
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Figure 5.8 Evaluation of postpartum hemorrhage with
manual placental removal. (From Prendiville WJ, Elbourne D,
MacDonald, S: Active versus expectant management in the
third stage of labour. (Cochrane review). The Cochrane Library.
2004. Issue 3. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.
Reproduced with permission.)

of the placenta was associated in a statistically significant
manner with an increase in maternal blood loss (weighted
mean difference of 436.35 mL, 95% CI from 347.82 mL to
524.9 mL) and a higher incidence of postpartum endo-
metritis (odds ratio of 5.44, 95% CI, from 1.25 to 23.75)
(Figure 5.9). This procedure also seemed to be associated,
albeit in a manner that is not statistically significant, with
an increase in fetal-maternal hemorrhages (odds ratio
2.19, 95% CI from 0.69 to 6.93) [11].

An important problem related to manual placental
removal during a cesarean delivery is represented by an
increase in endometritis. Magann et al. reported a signifi-
cant increase in the rate of post-CD endometritis com-
pared to the absence of manual placental removal (with
only spontaneous placental removal, even with uterine
exteriorization), or without uterine exteriorization (even
with manual placental removal). The use of antibiotic pro-
phylaxis, now a standardized obstetric practice, had how-
ever not been considered by the study [12].
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Figure 5.9 Evaluation of the incidence of endometritis
after manual placental removal during a cesarean delivery.
(From Wilkinson C, Enkin MW: Uterine exteriorization versus
intraperitoneal repair at caesarean delivery (Cochrane review).
The Cochrane Library. 2004. Issue 3. Copyright Wiley-VCH Verlag
GmbH & Co. KGaA. Reproduced with permission.)

Antibiotic prophylaxis, on the contrary, has proven to be
a fundamental variable, as shown in the Cochrane review
of Smaill and Hofmeyer. The review claims that antibiotic
prophylaxis reduces endometritis by two-thirds to three-
quarters and also reduces infection of the abdominal wall,
to the point that antibiotic prophylaxis is recommended
for patients undergoing both elective and nonelective
CD [13].

McCurdy et al. also observed, in addition to a higher rate
of endometritis, increased blood loss when the placenta was
removed manually [14]. However, the incidence of endo-
metritis in the course of CD is linked to several variables,
including prolonged rupture of the membranes [15], num-
ber of intrapartum vaginal visits [16], prolonged labor [17],
and the use of antibiotic therapy for membrane rupture [18].

Yancey et al., in a study conducted to evaluate contami-
nation of surgical gloves during a CD, isolated staphylococci
bacteria from the gloves of the first operator, immediately
after extraction of the fetus, in 11 of 14 cases in which labor
had already started. This incidence dropped to 1 in 11 cases
when the woman was not in labor [19]. Starting from this
data, Atkinson et al. carried out a randomized study on
634 pregnant women divided into four subpopulations.
In the course of this study, a group of obstetricians manu-
ally removed the placenta without changing gloves after
extracting the fetus. In another group the surgeon and
the second assistant after extraction of the fetus wore new
gloves and waited for spontaneous placental removal.

This study showed that the changing of surgical gloves
could not be associated with a reduction in post-CD endo-
metritis, and confirmed that manual placental removal is
associated with an increased risk of endometritis in the
postoperative period. In fact, postoperative endometritis
was significantly more frequent in patients who under-
went manual removal of the placenta (31% versus 22%,
p =0.1) (Figure 5.10), while changing gloves did not cause
an increase in endometritis (relative risk of 1, with 95% CI,
0.79-1.3) [20].
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Figure 5.10 Evaluation of endometritis after manual
removal of the placenta. (From Atkinson MW. et al., Obstet
Gynecol 1996;87:99-102. With permission.)

Atkinson et al. thus commented their experience on the
contamination of surgical gloves:

[W]e assume that if contamination of the surgeon’s gloves
occurs due to direct contact with the cervical-vaginal flora
during elevation of the fetal head from the maternal pel-
vis, then continuing to use these gloves could lead to con-
tamination of the operative field and increase the risk of
endometritis... however, after processing this data and that
of other ambiguous elements regarding the entire popula-
tion, changing gloves could not be significantly associated
with the rate of endometritis. In those women with rupture
of membranes an explanation for the lack of effect due to
changing gloves could be the colonization that commonly
occurs before the glove is introduced in the lower uterine
tract. In this case changing gloves might not prevent bacte-
rial contamination, whereas the type of placental removal
would be the main factor of influence [20].

Cernadas et al. conducted an even more detailed study
in which four groups of patients were considered: group
A made up of 26 patients in which manual placental
removal was performed without changing gloves, group
B of 27 pregnant women in which placental removal was
performed by expression (or squeezing) without changing
gloves, group C of 27 women with the changing of gloves
after manual removal of the placenta, and group D of 28
patients with a changing of gloves but only after placental
expression.

Data were compared between groups that changed
gloves with those that did not (groups A and B versus
C and D) and between groups with manual placental
removal and expression (groups A and C versus B and D):
there were no statistically significant differences, respec-
tively, for febrile morbidity (relative risk of 0.7, 95% CI,
0.3-1.4 and relative risk of 1.4 with 95% CI, 0.6-3.5) and
endometritis (relative risk of 1.2, with 95% CI, 0.5-2.8 and
relative risk 1.5, 95% CI:0.6-3.6) [21].

WIPING AND DILATATION OF THE CERVICAL CANAL

A complementary maneuver during placental removal is
the inspection of the placenta and of the membranes. In
the course of a CD the surgeon or assistant must check the
morphology of the maternal side of the placenta to verify

its completeness and integrity and to therefore exclude
the presence of any remaining placental cotyledons in the
uterine cavity (Figures 5.11 and 5.12).

The exploration of the uterine cavity with gauze after
placental removal has been described since the beginnings
of CD, as described by De Lee and Greenhill: “gauze pads
are used to clean the uterine cavity, fragments of placenta
and membranes are moved away and a large swab is placed
in the open cavity which causes the uterus to rapidly con-
tract” (Figure 5.13) [22]. Such a procedure might increase
the risk of bacterial contamination and therefore the inci-
dence of endometritis.

Magann et al., however, conclude that the removal
of residues by wiping the uterine cavity versus not wip-
ing, does not determine a significant reduction in the
incidence of post-CD endometritis [23]. These authors
enrolled in their study 614 patients who were subjected to
wiping of the uterine cavity in the course of CD to remove
residual placental and chorionic membranes, while in 616
patients this procedure was not adopted. The two groups
shared the same demographic characteristics: mater-
nal age, type of anesthesia, time before CD of rupture of
membranes, use of intrauterine monitoring devices, type
of skin incision, placental removal technique, blood loss,
and operative times. The pregnant women received anti-
biotic prophylaxis consisting of 1 gram of first-generation
cephalosporin administered by intravenous bolus injec-
tion after having cut the umbilical cord. Endometritis was
determined on the basis of body temperature (38°C) mea-
sured on two occasions, 6 hours after the first 24 hours,
with doughy uterine, as well as from malodorous lochia
discharge.

The incidence of endometritis in this study is similar:
65 of 614 (10.5%) in the group with wiping versus 66 in the
group without wiping (10.7%) (Figure 5.14) [23]. It can be
speculated that the lower rate of endometritis after wip-
ing is due to poor inoculation of bacteria in myometrium
vessels “clipped” by the myometrial contraction follow-
ing placental removal, which effectively reduces access of
infectious agents.

Figure 5.11 Maneuver for the inspection of the placenta
and membranes after placental removal: the placentais placed
on the instrument nurse’s table to be examined.
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Figure 5.13 Wiping maneuver of the uterine cavity with gauze, performed to verify the complete removal of placenta and cho-
rioamniotic material.
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Figure 5.14 Incidence of endometritis with and without
wiping of the post-cesarean delivery uterine cavity. (From
Magann EF. et al., J Matern Fetal Med 2001;10:318-322. With
permission.)

Wiping can be carried out in different ways, depending
on the experience and convenience of the operator, with a
cloth or better yet with a swab mounted on a ring (Figure
5.15) or Faure forceps. Moreover, the operating field near
the hysterotomy can be cleaned with a suction cannula

Figure 5.15 wiping maneuver with a swab held by ring forceps.

(Figure 5.16) to remove hematic material and thus facili-
tate surgical maneuvers. Gauze or swabs used for cleaning
the uterine cavity can, however, be left inside. The same
can be said for residual parts that, as Kazahov et al. state,
can later be removed through hysteroscopy along with
suture threads near the uterine scar area [24]. It is always
recommended to use a pair of ring forceps to search for
any conspicuous fragments of membranes that should be
removed (Figure 5.17), while small residual pieces will be
spontaneously reabsorbed in the puerperal period.
Another important maneuver is to inspect the area
below the cesarean hysterotomy to verify the presence of
the lower pole of the amniotic sac that may have adhered
to the bottom of the uterine cavity. The persistence of a “cul
de sac” that clogs the internal uterine orifice was already
described by Proust and Charrierin: “depending on the
case it may be advisable to check if a portion of the mem-
branes has adhered to the lower uterine segment or to the
internal uterine orifice of the neck” [25]. The membranes
may be present due to the surgical incision of the anterior

1)
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Figure 5.16 Removal from the uterine cavity, after placental removal, of residual amnion—chorion and membranes by mono-use
aspirator cannula. These maneuvers reduce or avoid vaginal secretions with bacteria from the vagina to the uterine cavity.

wall of the amniotic sac, which can detach from the rest
and remain in situ. This can, however, also be caused by
particular adherences caused by a silent infection of the
lower amniotic pole, which makes even forced removal dif-
ficult. A sign of the persistence of this unrecognized “cul
de sac” is represented by an absence of lochia (Figure 5.18).

During iterative cesarean deliveries, or in patients
in which labor has not started and in which, therefore,
changes to the cervix have not yet occurred, some sur-
geons, after placental removal, choose to artificially
dilate the cervical canal to facilitate lochia discharge.
This maneuver can be performed digitally or instru-
mentally, with Hegar dilator [26] or forceps [27]. In fact
Racinet and Favier commented on this maneuver in the
following manner:

[Rlather than performing this maneuver digitally,
which constitutes a septic risk, we use a Hegar probe
[Figure 5.19] or long forceps, such as the Jean-Louis Faure

type, inserted along the entire length of the cervical canal
and then opened along several diameters in order to dilate
the canal...under exceptional circumstances we position
a Foley catheter in the upper path; the expansion of the
catheter balloon ensures lochia discharge in the first two
or three days of puerperium [8].

Cervical canal dilation with open uterus can be
achieved through the internal uterine orifice (Figure 5.20),
making sure to change gloves to avoid bacterial contami-
nation from the cervico-vaginal canal. It may be prefer-
able to achieve dilation vaginally after the intervention
(Figure 5.21), while checking, through the leaking of clots,
the patency of the cervical canal with respect to lochia
discharge.

Although no randomized studies support these maneu-
vers, they are commonly performed, even though they
may result in post-CD endometritis. The cervical divul-
sion maneuver can also help in locating the internal
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Figure 5.17 Removal from the uterine cavity, after placental removal, of residual amnion-chorion membranes by means of ring

forceps.

uterine orifice and in determining the surgical anatomy
of the area affected by hysterotomy. In fact, in the case of
a repeated CD, it is common to notice a significant dif-
ference in thickness between the thick upper edge and
the thin lower edge of the incision. The likelihood of this
occurring increases with the thinness of the uterine seg-
ment and with the closeness of the incision to the cesarean
scar. In such cases it is not uncommon for the operator to
look for the internal uterine orifice and use it as a land-
mark, before starting to suture the hysterotomy incision.

UTERINE EXTERIORIZATION

The exteriorization of the uterus is a maneuver tied to
the early history of CD and originates from the need, in
times of puerperal infections, to isolate as much as pos-
sible the uterine viscera from the rest of the abdominal
cavity. Uterine exteriorization was the fundamental sur-
gical stage in the Gottschalk-Portes cesarean delivery
technique, so named as it was created by Gottschalk in

1910 [28] and reintroduced by the Frenchman Portes [29]
in 1924. Although completely outdated, it is worth men-
tioning to highlight all the postoperative difficulties that
occurred in pre-sulfamide and pre-antibiotic times.

The intervention consisted of a CD with the Sanger
technique [30]. This involves the longitudinal incision of
the uterus in which the uterine viscera is exteriorized and
then cut to extract the fetus. After placental removal, the
exteriorized uterus is sutured together with the visceral
and parietal peritoneum, thereby leaving the uterus exte-
riorized. Since the goal was to isolate the uterine body, a
potential source of puerperal sepsis, after a week unless
complications occurred the uterus was repositioned in the
abdominal cavity.

Therefore, in the Sanger technique, in order to reduce
contamination of the abdominal cavity, exteriorization
came before fetal extraction: it was Leopold [31] who
suggested uterine exteriorization should come after fetal
extraction, which Sanger accepted (Figure 5.22).
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Figure 5.18 Removal with ring forceps of residual amnion-chorion membranes found at the bottom of the lower segment and

that form a “cul de sac” that obstructs the lochia.

Paneuf [32] supported the Gottschalk-Portes interven-
tion, at least in clearly infected cases in which exterior-
ization appeared at the time to be one of the few defenses
against puerperal infection.

With the advent of the Munro-Kerr technique, Doerffler
[33] suggested uterine exteriorization as a means to reduce
the risk of peritoneal infection and to protect the abdomi-
nal cavity with waterproof sheets. This surgical CD maneu-
ver was relegated to the past in the era of antibiotics, but has
re-emerged since Michael Stark proposed it in the Misgav
Ladach method [34]. However, as stated by Hershey and
Quilligan, “the origin of the popular contemporary tech-
nique of extra-abdominal exteriorization of the uterus after
childbirth and placental removal is not clear” [35].

The uterine exteriorization technique is simple and con-
sists of inserting the operator’s right hand through the lapa-
rotomy into the abdominal cavity and, with the same hand,
exploring the uterine wall to make sure that there are no
adherences to the omentum or intestine. The walls are also
checked for uterine myomas and for the presence of ovar-
ian cysts or formations that can increase the uterine vol-
ume and prevent exteriorization. Only then, in the absence
of complications, can the uterus be extracted (Figure 5.23).

It is recommended in the case of adherences to not
perform exteriorization to prevent lacerations, bleeding,

and hematoma, especially if there are adherences with the
uterine-ovarian plexus. In fact, in our experience there
have been in two cases of vascular plexus injuries with
hematoma, which required ovariosalpingectomy, while
in three cases lacerations of the mesosigma occurred that
required adequate hemostasis and surgical repair [36]. In
the presence of large uterine myomas, exteriorization is
not recommended because the increased volume of the
uterus would make repositioning in the abdominal cavity
difficult.

Uterine exteriorization has the immediate advantage
of allowing an inspection of the exterior uterine wall,
including the posterior surface of the uterus that is gen-
erally inaccessible in the traditional cesarean delivery
technique without uterine exteriorization (Figure 5.24).
In addition since the postpartum uterus “emerges” from
the abdominal walls, all surgical maneuvers are facili-
tated. This is true in particular for the suture of the hys-
terotomy, which is “raised” from the uterovesical cavity
which, at times, can be deep and narrow, especially in
overweight patients.

Once the hysterotomy conditions are determined, the
uterine corners are clamped and any substantial blood loss
is stopped, the appendages can then be observed (Figure
5.25). Hershey and Quilligan carried out one of the first


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-6&iName=master.img-013.jpg&w=282&h=335

134 Placental removal and uterine exteriorization techniques

Figure 5.19 Dilation maneuver of the cervical canal from the internal uterine orifice with Hegar dilators (dilation up to six is suf-
ficient), to ensure subsequent lochia discharge, in case of a particularly stenotic channel that cannot be dilated digitally.

evidence-based medicine studies on uterine exterioriza-
tion during a cesarean delivery [35]. The authors studied
two randomized groups of patients: a group of 159 patients
and another group of 149 patients. In the first group, the
surgeon exteriorized the uterus after extraction of the fetus
and placental removal and with a sterile cloth around the
fundus, assisted the traction exerted by the assistant and
facilitated the exposure of the lower uterine segment. In
patients of the second group the uterus was sutured inside
the peritoneum. y? analysis between group 1 and 2 does
not show a significant difference (p > 0.5), suggesting that
the compared groups were similar [35].

Magann et al. studied 234 women divided into four
groups: group I with spontaneous placental removal and
in situ repair of the uterus, group II with spontaneous pla-
cental removal and uterine exteriorization, group III with
manual removal of the placenta and no uterine exterior-
ization, and group I'V with manual removal of the placenta
and uterine exteriorization. The incidence of post-CD
endometritis reported by the authors was greatest in group
IV (32.45% of 71, p = 0.003) compared to group I (17.24%

of 71), group II (12.30% of 71), and group III (13.18% of
71). The authors concluded that the association of manual
placental removal and uterine exteriorization resulted in
an increase in morbidity, hospitalization, and antibiotic
consumption (Figure 5.26) [37].

Edi-Osage et al. in examining 194 women did not
observe statistically significant differences in blood pres-
sure, oxygen saturation, and hemoglobin concentration in
the group with exteriorization compared to the one with-
out exteriorization [38]. Vomiting developed in 10% of
cases and reflected proper preoperative preparation of the
patient. Pain, which reflected the adequacy of the type of
anesthesia, occurred in 57% of cases during skin incision
and significantly persisted in the exteriorized group up to
the third postoperative day [38].

Wahab et al. in another randomized and controlled
study carried out on 316 women found no statistically sig-
nificant differences with regard to postoperative wound
sepsis, hyperpyrexia, the need for blood transfusions, and
days of hospitalization. The authors concluded that exte-
riorization with effective anesthesia is not associated in a
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Figure 5.20 Dilation maneuvers of the cervical canal from above before uterine suture, to check adequate patency necessary
for lochia discharge.

Figure 5.21 Probing maneuver and dilation of the cervical canal, performed vaginally upon completion of cesarean delivery, in
order to verify patency or to improve patency in case of cervical tightness.
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Figure 5.22 suturing of the uterus after exteriorization with the traditional Sanger technique of Cesarean delivery, modified
by Leopold, and by Berkeley and Bonney: “advantages of the fundal method with systematic exteriorization of the uterus consist
of improved protection of the abdominal cavity from the possibility of contamination, as well as decreased blood loss during the
sectioning of the uterine walls” [76].

Figure 5.23 Extraction maneuver and uterine exteriorization after placental removal.
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Figure 5.24 Inspection of the uterine breach after exteriorization and uterine massage.

statistically significant manner with any complications,
but instead results in reduced intraoperative blood loss
(p <0.05) [39].

Wilkinson and Enkin in a Cochrane review [40] eval-
uated the effects of uterine exteriorization within the
abdominal cavity, for both emergency and elective CD
(n = 486). Inthisreview exteriorization did not significantly
reduce intraoperative blood loss [40]. On the contrary,
exteriorization was associated with fewer days of postop-
erative fever (fever > 3 days, odds ratio 0.4, 95% CI, from
0.17 to 0.94) and, in a manner that is not statistically sig-
nificant, with a reduction in infections [40]. Furthermore,
when exteriorization was performed under locoregional
anesthesia, there was an increased tendency toward nausea
and vomiting. However, such symptoms, even under these
conditions, were related to the type of anesthesia and, in
particular, to the metameric level achieved.

Uterine exteriorization may result in a higher incidence
of gas embolism, probably due to traction on the uterus
increasing the caliber of the venous sinuses, and to the

closeness of the hysterotomy to the heart, which increases
the hydrostatic gradient, thus increasing the likelihood of
gas embolism in the venous vessels [41]. The probability of
venous embolism increases along with the time of uterine
exteriorization. Therefore, if prolonged surgical times are
expected, it is recommended to place the uterine viscera in
axis and gently massage the plexuses so that the blood in the
uterine—ovarian plexuses can circulate (Figure 5.27) [42].

A positive aspect of uterine exteriorization, especially
in the case of hypotony or uterine atony, is the possibil-
ity of performing a “uterine massage” with both hands,
more effective than when performed in situ. This allows
for an improved view of uterine wall features, so that other
causes of atony can be examined. For example, it is pos-
sible to wipe the uterine cavity to search for succenturiate
or residual cotyledons, or myomas that might cause physi-
ological postpartum uterine contraction.

In addition, in case of tubal ligation, exteriorization
not only results in easier surgical maneuvers but also in
a better control of surgical instruments that are near the
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Figure 5.25 Inspection of the ovaries (top left) and tubes (bottom left) in the course of a cesarean delivery after uterine

exteriorization.

35 3245

30

25 A

20 17.24

154 1230 1318

Figure 5.26 Incidence of post-cesarean endometritis in
exteriorization and nonexteriorization and in replacement
and nonreplacement of surgical gloves. Column |, spontane-
ous placental removal and in situ repair of the uterus; column
2, spontaneous placental removal and uterine exteriorization;
column 3 manual removal of the placenta and no uterine exte-
riorization; and column 4, manual removal of the placenta and
uterine exteriorization. (From Magann EF. et al., J Matern Fetal
Med 2001;10:318-322. With permission.)

congested uterine-ovarian plexus, thus avoiding acciden-
tal and dangerous damage to the aforementioned vessels.

However, uterine exteriorization is not always useful
or practicable: in fact exteriorization in the presence of
uterine myomas that increase uterine volume can prove
to be difficult (Figure 5.28) or, in case of uterine—parietal
or intestinal adherences, can cause bleeding due to lacera-
tions in newly formed vessels.

Another maneuver that requires caution is the reposi-
tioning of the sutured uterus in the uterine cavity, to avoid
potentially traumatic maneuvers on the uterine-ovarian
venous plexuses.

Another interesting aspect of uterine exteriorization in
the course of CD is the reduced use of laparotomy gauze.
In addition, gauze that is used is more visible and control-
lable as it is found outside the abdominal cavity. On this
matter Stark writes:

[P]ads are not useful inside the abdomen, as they have
an abrasive effect on tissues and increase the risk of
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Figure 5.27 Congestion of the uterine-ovarian venous plexuses during uterine exteriorization in the course of cesarean
delivery: uterine repositioning in the abdominal cavity must be preceded by uterine-ovarian venous decongestion. The image at
top left shows pulmonary embolism, which fortunately has a low probability of occurring, resulting from uterine—-ovarian venous

congestion.

adherences, while reducing the beneficial effects of the
antibacterial properties of the amniotic fluid. In addi-
tion, if the laparotomy pads are not inserted, there is no
risk of leaving them insidel!.... The excessive and metic-
ulous removal of blood and amniotic fluid can cause
peritoneal irritation and later on disturb the intestinal
function [34].

Larsen et al. had in fact noted the antibacterial prop-
erties of human amniotic fluid [43], and Down et al.
had observed the abrasive effect of laparotomy gauze on
abdominal viscera [44].

The benefit of removing amniotic fluid, vernix caseosa,
and hematic material is, however, a controversial topic,
as demonstrated by the two cases of peritonitis from ver-
nix caseosa following a cesarean delivery, as described
by Davis et al. [45]. On the other hand, an ultrasound

investigation conducted by Antonelli et al. showed that the
persistence of fluids in the abdominal cavity after CD does
not result in increased morbidity compared to patients
without fluids. Therefore, a routine ultrasound examina-
tion of all patients who undergo a CD does not appear to be
justified, but should instead be reserved to those patients
who show signs of fever, the nature of which should be
determined in the postoperative period [46]. However, as a
result of the almost inevitable intraperitoneal collections,
consisting of intraperitoneal fluid, amniotic fluid, blood
clots, blood, and residual vernix caseosa, there is uncer-
tainty on whether to perform antibiotic therapies on puer-
peral women in order to prevent infections.

Ultimately, the present state of the art suggests, as
per Hofmeyer and Smaill [47], that penicillin or first-
generation cephalosporin be used especially for the
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Figure 5.28 Failure to exteriorize the uterus during a cesarean delivery due to the presence of a subserous intramural myomas
of the posterior wall (A) which blocks the uterus from emerging from the abdominal wall (B). The left fallopian tube and ipsilateral
round ligament are hyperextended as they are trapped between the uterus and the abdominal wall.

prophylaxis of endometritis, in the preoperative phase in
single dose or at the time of cord clamping. Smulian et al.
instead state that there is no evidence that justifies the
use of antibiotics in the postnatal period in the absence
of overt infections [48].

An important aspect of “obstetric malpractice” tied to
homeostasis control and cleansing of the lower abdomi-
nal cavity, is leaving surgical material, in particular lap-
arotomy gauze, in the abdomen after a CD. As stated by
Rajagopal and Martin [49], it is a ubiquitous and even
fairly frequent, though preventable, medical error, which
can be the cause of morbidity and, rarely, of mortality [50].
The materials found from previous cesarean deliveries and
reported in the literature are varied: gauze [49], surgical
sponges [51], fragments of gloves, or latex [52] accidentally
left behind after surgery.

Ultrasound, which is useful for the often unrecognized
diagnosis of these foreign bodies, achieves a sensitivity

of 92% according to Davae et al. These diagnostic data
are extremely important, considering the medicolegal
implications [53]. However, radiographic examinations
can unequivocally reveal the presence in the abdomen
of laparotomy gauze thanks to marker wire, usually con-
sisting of radiopaque material. Therefore, if unrecog-
nized laparotomy gauze is suspected upon closure of the
abdomen, an abdominal x-ray must be performed on the
patient, followed by an appropriate radiographic report in
case of medical-legal disputes involving the entire operat-
ing team.

This type of “medical malpractice” is especially rel-
evant when it occurs in Italy, as these events, unlike in
Anglo-Saxon countries, are criminally sanctioned (Art.
43 PC) [54].

The Misgav Ladach technique emphasizes simple and
rapid surgical maneuvers in the course of CD (the “quick
cesarean delivery”). However, the surgical times can be
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Figure 5.29 Sampling of placental blood from the umbilical cord, which is then sent to a transfusion center.

reasonably performed without unnecessary haste [34],
because, as reported in a Cochrane review by Jorgensen
et al,, the postoperative course is mainly influenced by the
type of analgesia rather used than by the surgical tech-
nique [55]. The authors, in fact, argue that the use of epi-
dural analgesia in laparotomies reduces gastrointestinal
paresis more than the systemic use of opioids.

In any case, all the problems associated with uterine exte-
riorization and repositioning have been analyzed in some
studies: Siddiqui in 2007 and Coutinho in 2008 confirm that
the exteriorization technique does not provide significant
advantages other than a shorter operating time [56,57].

Nausea, vomiting, and tachycardia during cesarean
delivery with spinal anesthesia and exteriorization, in
addition to persistent postoperative pain, should prompt
the surgeon to perform whenever possible an in situ uter-
ine suture [56,57].

CORD BLOOD COLLECTION AND STORAGE
TECHNIQUES

Immediately after birth the obstetrician will affix a clip
in the vicinity of the newborn child, sever the cord, and
deliver the baby to the neonatology team.

At this point the umbilical cord must be disinfected at
the point of sampling in a distal position to the mother
and, after removing the cap from the needle and clipping
the tube downstream of the one to be used, the needle
must be inserted into the cord.

Once the first part of the bag is filled, the obstetrician
must clip the needle tube and perform the second sam-
pling with another sterile needle near the maternal area
until the blood flow stops.

Once the sampling is completed, the second tube con-
nected to the needle will also be clamped and the bag
containing the blood must be shaken in order to mix the
anticoagulant inside. In addition, the preloaded vial in the

extra pouch of the bag connected to the tube will be bro-
ken and squeezed so that the blood inside the tube can be
retrieved.

At this point the bag tube can be definitively clamped,
the superfluous tube can be cut and the needles can be
removed following the disposal procedures. Two safety
knots will then be tied on the tube before inserting it into
the containers for transport to the Immunotransfusion
Centre (Figure 5.29).

CONCLUSIONS

The scientific literature has discussed for years the ben-
efits of spontaneous over manual placental removal in the
course of a cesarean delivery [58-63].

Uterine suture can be performed with the uterus in the
abdomen or with exteriorized uterus. Cochrane reviews
do not report any differences between the two methods,
although some authors report benefits with exteriorization,
that include a reduction in the number of sutures and of
surgery time [61-66]. Conversely, several important issues
surrounding uterine exteriorization have been reported,
among them pain and discomfort under locoregional anes-
thesia and in the postpartum period [67,68], which can be
connected to drug type and dosage [69].

Uterine exteriorization may cause or contribute to seri-
ous, though rare, complications including pulmonary
embolism [70].

Wiping the uterine cavity after placental removal is
common technique, but the scientific literature contains
little proof of validity of the method, with one author
reporting no significant difference between performing
and not performing wiping [23].

During placental removal, sampling of cord blood can
be carried out upon the request of the patient, which is
then sent to an immunotransfusion center for storage and
preservation [71-75].
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Suture of uterine incisions

ANTONIO MALVASI and GIAN CARLO DI RENZO

In 1769 Lebas from Mouilleron was appar-
ently the first to suture the uterine wound.
He was able to achieve this with only 3
sutures.

(Pietro Gall, The Abdominal Caesarean Delivery, 1922)

HISTORICAL NOTES AND EVOLUTION

A reliable history of the uterine suture is reported by Piero
Gall in The Abdominal Caesarean Delivery: “Suturing was
performed with silk thread until the American Frank
E. Polin (1852) began using silver thread to great effect.
The use of silver thread was later adopted by John Parker
(England) and Harris (United States). In 1872 Veit success-
fully applied in 2 cases catgut, which was already applied
in surgery. By contrast Martin had 4 lethal outcomes due
to faulty catgut preparation. This was therefore followed
by a return to silver thread” (Figure 6.1) [1].

Mangiagalli writes: “while Martino D’Avanzo had in
1860 closed the uterine wound using the D’Apolito or
‘mattress maker” suture, Lazzati in 1869 and Balocchi in
1872 made performed suture but with unfavourable out-
come. A new page in the history of uterine sutures was
written in 1873 by Olinto Grandesso-Silvestri, who suc-
cessfully used an elastic thread” [2].

In the nineteenth century the focus was on the type of
suture, as it was believed that complications derived from
the type of material used.

Gall wrote:

In general, the uterine incision, in women deliveryed a few
days after a Caesarean delivery, was open: sutures would
break, tearing the tissue and lochia discharge from the
uterine cavity would cause lethal peritonitis. The actual
cause of this was not due to a fault in the technique but
to the presence of germs: whatever the material used and
the method of preparation, the thread carried with it huge
amounts of all kinds of infectious germs which could eas-
ily proliferate in the stitches and adjacent areas. Our col-
leagues of the time could not have realized this. In fact in
their minds bacteriological infection did not exist and the
first remedy that would logically come to mind would be
to discourage the suture which was considered harmful
per se [1].

On this matter Cazeaux wrote in 1845: “The uterus wound
does not require precautions, other than it should be thor-
oughly cleansed. As to the wound of the abdominal walls
the margins must be united by two or three stitches of an
interlocking suture, while being careful to leave open space
on the lower part for the discharge of abdominal fluids” [3].

On the same topic Scanzoni wrote: “Lauverjat’s proposal
to stop or prevent bleeding by suturing the uterine wall is

needless and dangerous, since there evidently cannot be
an advantage in suturing the relaxed organ, while sutur-
ing performed with walls that are contracted will result in
the tearing of tissue as soon as relaxation occurs and the
volume of the uterus grows. This in fact happened before
my eyes to a patient I was operating in 1847. But even if
this does not occur, this type of suture is not capable of
stemming the bleeding in the uterine cavity” [4].

On the benefits of suturing the uterus, Vincenzo Balocchi
in 1871 reported the following clinical consideration:
“Should the uterine wound be sutured? In general when the
incision is correctly executed and the uterus regularly con-
tracts, the wound becomes so small that there is absolutely
no need to suture it. Therefore most do not concern them-
selves with this but only with the ventral walls” [5].

At the time, puerperal necropsies revealed dehiscence of
the uterine suture from infection and necrosis of the tis-
sue, whereas autopsies of women who had died sometime
after and not for reasons related to the cesarean delivery,
instead showed the formation of large uterine adhesions to
the abdominal wall.

These observations provided Pillore of Rouen (1854)
with the justification for a uterine-abdominal suture that
consisted of suturing the lower third of the uterine inci-
sion with the edges of the abdominal wall, while the upper
two-thirds were sutured in a conventional manner. In his
writings Gall came to these conclusions regarding uterine
suture: “The uterine wound must be kept open to prevent
blood and lochia discharge into the abdominal cavity and
in particular to allow removal of threads which for the
obstetricians of the time, were cause of serious concern
and the subject of extremely heated debates” [1].

Lestocquoy, a surgeon from Arras, sutured the edges of
the abdominal wall with the uterine wall even before it was
cut to extract the fetus. Despite support from Braxton-Hicks
and Martin, this uterine—parietal suture was soon disused in
the few cases of maternal survival, because, in spite of surgi-
cal precautions, the necessary antisepsis was still absent.

In those days the mortality rate in cesarean deliveries
from infections caused by suture materials was extremely
high: the casuistry by Kaiser in the period between 1750
and 1839 showed a mortality rate in 338 cases of 62% for
mothers and 30% for fetuses [6].

Gueniot reported a mortality rate that reached 100%
in 40 cases performed in Paris before 1870 [7]. Similarly,
Sparth reported that no cesarean delivery performed
before 1877 at the Institute of Maternity of Vienna was
successful [8]. It was this high mortality rate that led
Edoardo Porro, on May 21, 1876, to perform the “utero-
ovarian amputation” in addition to the cesarean delivery
(Figure 6.2). The rationale behind the Porro intervention
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Figure 6.1 Contamination of suture threads by pathogenic germs during a cesarean delivery was a cause of maternal morbidity
and mortality in the preantibiotic era.

Figure 6.2 Utero-ovarian amputation by Edoardo Porro. (Modified from Porro, E. Della amputazione utero-ovarica come com-
plemento di taglio cesareo. Ann Univ Med 1876;237.)
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was well summarized later by Mangiagalli: “to remove a
large fomite of infection, to ensure haemostasis, to make it
impossible for secretions to spill into the peritoneal cavity,
to benefit from monitoring and treating the surface of the
remaining uterine stump, to sterilise the woman” [2].

Truzzi [9] reported that Porro after extracting the fetus
and the placenta, exteriorized the uterus by applying a
large iron wire mounted on a sturdy Cintrat snare at the
level of the internal uterine orifice and after placing the
constricting wire on the left ovary performed the ampu-
tation of the uterus 2 cm above the blocking noose. This
was followed by vaginal-abdominal drainage through the
Pouch of Douglas, the securing of the stump to the lower
corner of the wound, the twisted suture of the abdominal
walls with four stitches of silver thread, and the brush-
ing of the stump with iron perchloride. The snare was left
in situ, with the end between the legs of the woman who
healed after a stormy puerperium.

Another historic date in the development of the cesar-
ean delivery is the year 1882 when the German gynecolo-
gist Max Sanger (1853-1903) had the brilliant intuition to
systematically close the uterine wall. Up until then it had
been left open to overcome the two major dangers of the
time: uterine hemorrhage and septic infection due to the
passage of lochia in the abdominal cavity. This maneuver
drastically reduced maternal mortality [10,11].

To distinguish it from Porro’s “ablative” intervention
that surgically induced sterility (as well as inducing a
clinical, hormonal, and psychological condition typical
of menopause), Sanger defined his cesarean delivery as
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“classical conservative” and it would become the typical
intervention performed whenever childbirth by natural
means was impossible.

Sanger was strongly in favor of a longitudinal incision
along the anterior wall of the uterine body and suggested
that the uterine breach be sutured in two layers. The first
deeper layer brought the musculature closer without
including the deciduous, with 8 or 10 silver thread stitches;
the second more superficial layer, joined the edges of the
serosa with 20-25 stitches using silk thread in a Lembert
suture pattern (Figure 6.3).

Sanger’s method found many supporters, such as
Mangiagalli in Italy, but especially abroad with Porak and
Daucourt in France, Eustache in Belgium, and Harris and
Garrigues in the United States.

The suturing of the uterine wall, which was so heav-
ily criticized and even opposed, became over time more
important than the operation, as is evident from the words
of the German Bumm (1924):

Detach and extract the placenta and membranes. At
this point the most important stage of the operation can
start: the suturing of the uterine wall. One with experi-
ence will choose the intersecting suture and will prefer
silver thread and silk over catgut, as it can be more safely
sterilised, more easily handling and provides a final
result that is not inferior. Even more important than
the suture material is however the suturing technique.
The stitches must be close to one another and cross the
entire thickness of the wall, so that the two halves of the
wound are brought into contact with each other. The
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Figure 6.3 The corporeal longitudinal incision according to Sanger was followed by a double-layer suture: first layer with silver

thread, second layer with silk thread.
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needle penetrates near the edge of the peritoneum, exits
from the decidua and continues in the reverse direction
along the wall on the opposite side. ... Instead of using
the intersecting suture, a more complete and accurate
alignment can be achieved with a continuous suture,
in layers, using catgut. One can start from the deepest
layer of the wound, a second layer of suture is applied on
the middle highly vascularised muscular layer. Lastly,
the most superficial layer is aligned. Once the suture of
the muscles is completed, it is recommended to add a
continuous Lembert suture (seroserous) with thin silk,
as done in intestinal sutures. It covers the knots of the
interrupted stitches and achieves rapid adhesion of the
aligned serous surfaces, which guarantees a good out-
come. The sutured uterus is cleaned with sterile sodium
chloride solution, and once the suture line is sprinkled
with a solution of sublimate, the viscera is pushed deep
into the cavity [12].

Table 6.1 presents various types of material used in hyster-
orrhaphy at the beginning of the last century.

During the same period, (1922) Proust and Charrier in
France reaffirmed the hemostatic function of the uterine
suture, which they also performed out in double layer. The
deep layer was in silk (no. 2) with interrupted stitches,
about 1.5 cm apart, which crossed the entire muscle and
mucosa. The superficial layer was in catgut (no. 1), again
with interrupted stitches, in which the needles passed
through the intervals of the previous stitches, and ended
with a peritoneal Lembert suture [13].

Walter Stoeckel, with regard to the “intraperitoneal”
cesarean delivery, also carried out in 1925 a double-layer
suture with a continuous superficial layer followed by the
suture of the vesicouterine fold [14].

Some years later, De Lee and Greenhill in 1954 also
emphasized that the suturing of the uterus represented
the most important part of the intervention: starting from
the upper end of the longitudinal incision they laid a first
simple overlock layer that involved the thin layer of the
musculature without including the mucosa (Figure 6.4).
The second layer was of interrupted stitches, again in cat-
gut (no. 1) and involved the muscle layer along its entire
thickness (Figure 6.5).

The third layer, with interrupted stitches, included the
peritoneum and the underlying musculature (Figure 6.6).
The fourth layer included only the peritoneal prevesical
surface with a simple continuous overlock suture [15].

Table 6.1 various types of material used in hysterorrhaphy
at the beginning of the last century

Thread used in the past in uterine sutures
Silk

Silver

Elastic thread

Iron wire?

Catgut

2 Iron wire was employed by Porro on a Canard snare to close the uter-
ine stump.

Figure 6.4 Cross section of the first layer of the longitudi-
nal incision of the uterus according to De Lee and Greenbhill:
interrupted catgut stitches (no. 1) 1 cm apart without including
the uterine mucosa.

Figure 6.5 The second layer was always in catgut (no. 1),
spacing the interrupted stitches about 1 cm apart, while being
careful to not include in the suture the uterine wadding previ-
ously crammed into the cavity.


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-7&iName=master.img-003.jpg&w=222&h=256
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-7&iName=master.img-004.jpg&w=222&h=292

Figure 6.6 The third layer was done with stitches in catgut
(no. 1), 0.5 cm apart and by juxtaposing the superficial layer
of the muscle and the visceral peritoneum (which the authors
called “fascia”).

Potter and Elton, just as Johnson and Ober, used a single
layer of interrupted silk stitches.

As time passed the incision in the longitudinal direc-
tion of the anterior wall of the uterus was performed less
often compared to the low transverse incision on the lower
uterine segment.

Martius performed a double-layer suture once the cor-
ners of the incision were sutured. The first layer consisted
of interrupted catgut stitches (usually no. 1) 1.5 cm apart,
excluding the mucosa; the second instead covered the first
suture in a zig-zag pattern [16].

CURRENT SUTURING TECHNIQUES
General information

Some surgeons prefer exteriorizing the uterus when per-
forming a cesarean delivery in order to facilitate the expo-
sure and to quicken the suturing process.

This is particularly useful when there is major bleeding
coming from one side of the incision, which is due to par-
tial rupture of the uterine wall. This facilitates hemostasis
as the maneuver decreases the loss of blood by stretching
the uterine vessels.

Exteriorization appears to increase maternal discomfort
and nausea, especially when the operation is performed in
locoregional anesthesia. Exteriorization, however, seems to
decrease the risk of infection [17] although a meta-analysis
does not show which method is preferable (Figure 6.7) [18].
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Figure 6.7 Suture of the cesarean hysterotomy with exteri-
orized uterus in which the corners have been sutured.

Usually uterine vessels lacerated at the corners of the
uterine incision are sutured after placental extraction. It
is always preferable to identify, clamp, and tie the bleeding
vessels rather than to blindly perform a suture (Figures 6.8
and 6.9).

Some prefer to individually tie the corners of the hyster-
otomy with a single or double stitch, even when the hys-
terotomy is regular and has not spread laterally toward the
uterine vessels.

Figure 6.8 Individual suturing of the left corner of the
uterine breach after placental removal.

Figure 6.9 Suture of the right corner of the uterine breach.
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Figure 6.10 Transfixation of the lower right edge of the hysterotomy corner, while the apex is secured by an anatomical clamp
and the curvature of the needle is directed outside the clamp prehension area.

The single suture of the corners is obligatory, in the pres-
ence of venous or arterial vessels with lateral lacerations,
to better control the loss of blood and prevent hematomas
that may appear in the parametrium. However, Stark con-
siders this procedure unnecessary for the Misgav Ladach
method. He starts with a 90-cm thread from the surgeon’s
side and performs a continuous suture ending on the side
of the second operator.

Regardless of how the operator decides to carry out the
uterine suture, corners should always be inspected to make
sure that the entire uterine thickness is included in the
suture stitch and that there are no areas without sutures
[19]. Suturing the corners of a cesarean delivery hyster-
otomy is particularly important in terms of hemostasis. It
is therefore recommended that the needle first enter one
side and then the opposite side to make sure that the entire
corner has been included in the stitch and that no bleeding
areas were left outside the knot (Figure 6.10).

In this regard some obstetricians prefer to make sure
that the corner is included in the suture by performing
a double pass before knotting by means of interlocking
threads. In particular, when the corner is “undermined,”

namely, the superficial part is less laterally extended than
the inner or deep part of the corner, the stitch must come
before the incision of the hysterotomy. In fact, in this case
the suture stitch of the uterine corner must be applied
more laterally, so as to include the apex of the corner that
extends in depth with a beveled shape, and from which the
bleeding can continue (Figure 6.11).

In cases such as these the suture-tying method is an
important technique. It is performed behind the corner,
which is stretched contralaterally with a ring forceps in
order to include more tissue unaffected by the hysterot-
omy (Figure 6.12).

In order to achieve an anatomically correct closure of
the margins of the wound, proper healing of the wound
itself and good cicatrization for future pregnancies, as well
as to not include the uterine mucosa in the suture (Figure
6.13), it is also important that the margins of the suture be
firmly pushed together and that there is proper hemostasis
by placing the stitches sufficiently far from the edge of the
wound.

To correctly perform a hysterorrhaphy when sutur-
ing a uterine incision, various types of single-layer or
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Figure 6.11 Inspection of the postcesarean hysterotomy with uterine exteriorization: the right corner extends laterally (at bot-
tom) and the surgeon performs a maneuver to verify that the suture stitch has included the corner. The laceration of the corner has a
beveled shape: at top left is the incorrect position (a) and at top right is the correct position (b) of the suture stitch, in which the stitch

is applied further back and includes the apex of the corner.

multiple-layer sutures can be used, with continuous or
interrupted sutures, as described in various studies in the
literature (Figure 6.14).

The use of knotted stitches or numerous single or eight-
pattern stitches does not represent a good technique. In
rare cases it can be used to achieve hemostasis or, in cer-
tain cases, to tie large vessels laterally. Continuous sutures,
instead, are widely used.

In 1992 Hauth performed a randomized study on the
closure of the uterine breach in 906 women. Closure was
achieved using a continuous single interlocking layer with
chromic gut (no. 1) and CTX needle, as well as a double
layer using the same thread, both continuous with inter-
locking first layer. In the conclusions the author recom-
mended a continuous suture with single interlocking
layer of the uterine breach in that, technically, it required
less operative time and, from an outcome point of view,
improved hemostasis, though with similar infectious
complications [20].

The continuous suture in single layer does not preclude
the possibility of subsequent labor of childbirth, as shown

in a study on 292 women who underwent a previous cesar-
ean delivery [21].

In 1993 Jelsema et al. tested the safety of closure of a
continuous single nonlocking layer in 100 women (Figures
6.15 and 6.16) in comparison with a double layer with con-
tinuous first interlocking suture and continuous second
inverted suture in 100 other women (Figures 6.17 and
6.18). It was also assumed that the nonlocking single layer
could reduce ischemic vascular tissue damage and might,
in theory, strengthen the uterine wall in the subsequent
labor [22].

A current problem is represented by the suture of the
hysterotomy, in a single or double simple layer, necessary
to achieve a uterine scar with good structural characteris-
tics. This allows for vaginal birth after cesarean (VBAC)
delivery in a second pregnancy whenever indications
make it viable (Figure 6.19).

Some years later Chapman et al. evaluated 164 women
who had previously undergone a cesarean delivery, 83
with single-layer closure and 81 with double-layer closure
with chromic catgut (no. 1). Of these, 19 had undergone
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Figure 6.12 The connection can be perfected by suturing and tying the right uterine corner with a knot at the end while the

assistant contralaterally stretches the corner.

Figure 6.13 The suture of the uterine breach must respect
the uterine mucosa, which should not be included in the
suture. The needle should go through healthy tissue to ensure
hemostasis and proper healing.

an elective cesarean delivery, while the other 145 under-
went the labor of birth. In the conclusions the study authors
asserted that the type of closure did not in any way affect
the pregnancy that followed a cesarean delivery, and that no
conclusions could be drawn on the incidence of dehiscence,
given the limited number of cases. They hypothesized that

Interrupted
stitches

Simple
single
interlocking
layer

Uterine
suture

Continuous

Simple
double
interlocking
layer

Figure 6.14 Chart showing the different uterine suturing
methods during a cesarean section.
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Figure 6.17 Continuous interlocking suture of the uterine
Figure 6.15 Simple continuous suture of the uterine breach with the uterus placed in the abdominal cavity.
breach, with uterus in situ (basically in the abdominal cavity).

Figure 6.18 Interlocking uterine suture with exteriorized
uterus.

Figure 6.16 Simple continuous suture of the uterine inci- over 2300 patients would have to be studied in order to
sion with exteriorized uterus, (a) starting from the side of the obtain a statistical power of 80% (Figure 6.20) [23].

assistant and excluding the uterine mucosa from the suture; In 2004 Enkin and Wilkinson in evaluating the effects
(b) detail of the monolayer of the uterus that excludes the of the single-layer closure compared to the double-layer

decidua. closure, considered only two trials that included 1006
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Figure 6.19 (a) Cross section that shows the double-
layer suture, for both continuous and interrupted stitches. (b)
Continuous double-layer suture of uterine breach.

women. They came to the conclusion that, except for a
lower operative time, there were no substantial differences
between the two types of closures with regard to the use of
additional sutures, the incidence of subsequent puerperal
endometritis, the decrease in hematocrit, and blood trans-
fusions [24].

The same authors in 2008 confirmed their previous
findings, stating that the only benefit of the single-layer
suture compared to the double layer is the shorter operat-
ing time [25].

Ferrari et al. reached the same conclusions in a randomized
study of 158 women in 2001. The continuous single interlock-
ing suture with monocryl VS was compared to the continu-
ous double-layer suture with catgut (no. 1) in 83 women with
innovative cesarean and 75 with classic cesarean [26].

With regard to uterine rupture, Bujold et al. in 2002
observed 1980 women in labor after a previous cesarean
delivery. They reported that a single-layer closure of the
uterine breach increases the risk of uterine rupture by four
times when compared with double-layer closure. In this
study, chromic catgut had been used in 98% of cases and
Vicryl in 2%; the suture was made with a single continu-
ous interlocking layer; the single layer was used in 480
women, while in 1491 cases the hysterotomy was closed
with a double layer.

According to data from a multivariate statistical analy-
sis of risk factors, a time interval of less than 24 months
between labor and a previous cesarean delivery was asso-
ciated with an increased risk of uterine rupture (Table
6.2). The definition of uterine rupture included any type of
dehiscence with extrusion of uterine content that resulted
in surgical intervention [27].

In contrast to the above, a retrospective study by
Durnwald and Mercer in 2003 evaluated the subsequent
pregnancy of 768 women with previous cesarean delivery,
267 with single-layer suture and 501 with double-layer
suture with Vicryl. The authors stated that the single-layer
suture of the uterine breach did not increase the risk of
uterine rupture in the subsequent pregnancy.

However, the authors reported a higher frequency of
asymptomatic uterine dehiscence—that is, a defect of
the myometrium with intact peritoneum in the group of
women with a single layer, for whom dehiscence was 3.5%
versus 0.7% [28].

Currently, there is no unanimous consensus in the sci-
entific community as to which is the best way to close the
uterine breach. Therefore, it would be appropriate to inves-
tigate the factors that affect the strength of the suture, in
particular, the choice of materials, the technique, and the
presence of postoperative infections.

After suturing the uterine incision, it is always neces-
sary to provide hemostasis: any bleeding from superficial
areas of the wound or from areas of application of the
stitches is simply controlled with gauze or, when that is
not sufficient, with an electric scalpel or by applying usu-
ally one or more 8 stitches.

Various suturing materials are employed in a hysteror-
rhaphy suture, and the most frequently used are summa-
rized in Table 6.3. Some obstetricians consider the use of
catgut appropriate especially in hemostatic sutures, due to
its flexibility, though this material is no longer in use in
Italy. New synthetic materials (e.g., polyglycolic acid such
as Dexon and polyglactin such as Vycril) have, dimensions
being equal, considerable advantages, as they are more
resistant. This allows the surgeon to use thinner threads
that are apparently stable even in the presence of infec-
tious processes. Thin threads are an additional advantage
in that larger suture threads can more actively stimulate
phagocyte activity and may not be able to maintain their
tension for a longer period of time than smaller-sized
threads.

Braided polyglycolic acid threads or poliglecap-
rone sutures (Monocryl type) retain much of their
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Figure 6.20 Percentage of vaginal births and hemorrhagic complications after a cesarean delivery with closure of the hyster-
otomy in single or double layer. (From Chapman SJ, Owen J, Hauth JC, Obstet Gynecol 1997;89:16-18. With permission.)

Table 6.2 Risk factors for uterine rupture

Odds ratio 95% Cl p value

Single-layer closure 3.95 1.35-11.49 0.012

Interval between 2.31 0.97-5.52 0.59
births <24

Weight at birth 2.10 0.76-5.84 0.154
>4000 g

Use of epidural 2.10 0.76-5.84 0.247
anesthesia

Previous vaginal 0.42 0.05-3.17 0.719
childbirth

Source: From Bujold E et al., Am J Obstet Gynecol 2002;186:1326-30.
With permission.

tensile strength for more than a month after surgery.
New longer-lasting absorbable sutures (e.g., the new PDS
polydioxanone or Maxon polyglyconate filaments) seem
to be able to resist for periods up to 3 months. Because
these sutures are able to remain in the tissue for a long
time, the hysterotomy heals before they are absorbed,
with less tissue reaction and consequently a more solid
residual scar.

If the surgeon uses synthetic material, care should
be taken to not damage the outer surface of the thread
with forceps, needles, or loops, so that its resistance is
not altered. In fact, special attention must be paid in
continuous sutures, especially when hemostasis is per-
formed with an electric scalpel, to not alter suture thread
continuity, which could compromise the integrity of
the suture. The synthetic threads must also be knotted

several times, in general with a surgical knot followed by
three successive knots.

After completion of the uterine suture the visceral
peritoneum, whether it is sutured or not, should be
inspected to verify hemostasis: in the presence of bleed-
ing areas it is recommended to add one or more suture
stitches for hemostatic purposes. Generally, these addi-
tional stitches are interrupted, single or double, and are
placed transversely to the vessel in need of hemosta-
sis. These stitches are particularly important in case of
repeated cesarean delivery. In this case the thinness of
the uterine breach needs needles and suture threads that
are small in order to prevent tearing of the tissue in the
suture (Figure 6.21).

The visceral peritoneum is left open but, at times, can be
closed using a continuous suture (Figure 6.22) with a 3-0
absorbable monofilament (PDS or Maxon) that includes
the uterine fascia in the peritoneal suture. Some surgeons
include in a single layer the uterine muscle and the visceral
peritoneum, in the single layer as well as in the double layer
(Figure 6.23). There is no evidence on whether this suture
is beneficial in terms of reduction of infections, morbidity,
request for analgesia, or recovery of intestinal function-
ality [29-31]. The effect on the formation of adhesions is
unclear, and conflicting data have been reported [29,32].
Another important aspect is the possible effects suturing
the visceral peritoneum has on the quality of the uterine
suture and therefore on its healing, so that the scarring
area of the lower uterine segment in the event of a VBAC
delivery can properly heal [33].

Once this phase of the intervention is completed and
hemostasis is achieved, the adnexa are inspected and
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Table 6.3 Summary of the most used suture materials in hysterorrhaphy during a cesarean delivery

Suture threads used in a cesarean delivery

Loss of tensile  Complete
Name Origin Biology Chemical structure Morphology strength absorption
Catgut Natural Absorbable Protein Twisted multifilament 8 days 30 days
Chromic catgut  Natural Absorbable Protein Twisted multifilament 18 days 30 days
Vicryl Synthetic  Absorbable Glycolic or lactic acid Braided multifilament 20 days 90 days
(polyglactin)

Prolene Synthetic  Not absorbable  Polypropylene Monofilament — —

Dexon, Sorbifil  Synthetic Absorbable Polyglycolic acid Braided multifilament 14 days 90-119 days
Monocryl Synthetic  Absorbable Poliglecaprone Monofilament 14 days 90 days
PDS Synthetic  Absorbable Polydioxanone Monofilament 40 days 180 days
Maxon Synthetic  Absorbable Polyglyconate Monofilament 40 days 240 days
Nylon, Nyfil Synthetic  Not Absorbable Polyhexamethylene- Braided multifilament — —

adipamide

Figure 6.21 Electrocoagulation control of hemostasis by
electric scalpel in the area of the simple continuous uterine
suture.

blood and amniotic fluid are removed from the abdominal
cavity with a vacuum or with damp swabs. Irrigation for
cleansing purposes of the abdominal cavity with physio-
logical solution does not reduce maternal morbidity more
than antibiotic prophylaxis [34].

At the end of the intervention, before proceeding to
systematically close the abdominal wall, the laparotomy
gauze and the surgical instruments in the operating field
must be carefully counted.

If the uterus has been exteriorized, care must be taken
when repositioning it in the abdominal cavity, being care-
tul to avoid damaging the uterine-ovarian venous plex-
uses against the abdominal walls (Figure 6.24).

Figure 6.22 Simple continuous suture starting from the
top by the assistant surgeon of the visceral peritoneum.

CONCLUSIONS

Uterine sutures have undergone several changes over the
years with respect to the suture material and to the type of
uterine incisions performed.

A hysterorrhaphy in the course of a cesarean delivery
can be performed in double or single layer, even though
the scientific literature leans toward a simple continuous
suture in single layer [35,36], which has also been tested in
experimental studies on animal models [37,38].

Some authors maintain the equivalence of the single-
and double-layer techniques [38]. Others advocate the use
of the double layer, especially when the pregnant women
must be subjected to VBAC delivery, in order to reduce the
risk of uterine rupture [39].
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Figure 6.23 suture of the myometrium and, simultane-
ously, of the visceral peritoneum “mass closure cesarean deliv-
ery technique” in cross-delivery.

Figure 6.24 Repositioning the exteriorized uterus in
the abdominal cavity, while paying attention to the uterine-
ovarian plexus (the hand on the left laterally widens the lapa-
rotomy breach in order to introduce the adnexum and the
uterine—ovarian plexus).

An important aspect concerns sutures performed
with continuous rather than interrupted stitches, in
which generally benefits are reported for the first tech-
nique [40].

A hysterorrhaphy can also be performed with particular
materials, such as staples or clips, although the literature
does not report any difference in perinatal morbidity with
the use of devices or sutures [41-43].
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A comparison between autosutures and traditional
sutures does not show differences in intraoperative blood
loss but does show an increase in surgical time [44].

A subject that remains open to debate (but which most
authors are in favor of) is the nonsuturing of the visceral
peritoneum. This is done to prevent the formation of a sur-
gical pocket in which hematic residues, edema clots, and,
at times, puruloid material can gather, which can then
cause puerperal complications [45-49].

On the contrary, during a repeated cesarean delivery, in
the presence of an adherent vesicouterine fold and a thin
lower uterine segment, a direct incision of the lower uter-
ine segment, without detaching the peritoneum, followed
by a suturing of the visceral peritoneum together with the
myometrium is advantageous [50,51] This technique is
called MCM (mass closure method) [52], and is a modifi-
cation of the Misgav Ladach method [53].
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Optimal cesarean delivery of the 7

twenty-first century

MICHAEL STARK

INTRODUCTION

Many surgeons tend to adhere to traditions. Most of them
will follow methods taught to them by their teachers, who
learned them from their own teachers.

The first successful cesarean delivery as described in
the modern era was performed by Ferdinand Kehrer on
September 25, 1881, in Meckelsheim, Germany [1]. He per-
formed the operation in the house of the patient, while the
abdomen was illuminated by an oil lamp. He used a mid-
line incision, and in the following years, along with the
development of anesthesia, hygiene, and sterility, many
surgeons followed a similar technique until 1897, when
Johannes Pfannenstiel introduced the transverse incision
as an alternative [2].

For many years both the transverse and the longitu-
dinal incisions were used for cesarean deliveries, and
as each department adhered to its own traditions, no
comparative studies were published until 1971, when
Mowat and Bonnar showed that there is significantly
less wound dehiscence when a transverse incision is per-
formed [3].

Similar to the abdominal incision, many other steps in
cesarean delivery are also the outcome of local traditions,
and very few of these steps have been examined by com-
parative studies.

Cesarean delivery seems to be a unique operation not
just because of its role in obstetrics but also because,
while endoscopic alternatives exist for most of the other
abdominal operations, it seems that except for very few
conditions—like emergencies—the cesarean delivery will
be the only indicated laparotomy remaining in the future.
Therefore, it is very important that each step used in cesar-
ean delivery is examined for its necessity, and if it is found
essential, the optimal way of performing this step should
be defined.

When in 1983 I became the Medical Director and
Head of Obstetrics and Gynecology of the Misgav Ladach
General Hospital in Jerusalem I noticed that cesarean
deliveries were performed by different obstetricians, all of
them experienced surgeons, in different ways. Each one
used different steps and instruments, and even the posi-
tioning of the patient was different. As I already used to
evaluate other operations for their way of performance,
I decided to analyze the cesarean delivery together with
the culture around it by examining every step for its neces-
sity and for its optimal way of performance. This was a pro-
cess that was carried out not without resistance as many of
the emerged ideas happened to be in contradiction to the

existing local traditions. However, when the process was
completed and the results of the first studies were intro-
duced at the International Federation of Gynecology and
Obstetrics (FIGO) conference in Montreal in 1994 [4], the
method was taken as an example for a structured opera-
tion by the Mother and Child Unit of the University of
Uppsala in Sweden, and they distributed the way it was
described in more than 100 countries through written
information, workshops, and videos.

The distribution of information by a well-known uni-
versity hospital was probably meant as a provocative act,
and it gave many obstetricians all over the world the
opportunity to initiate comparative studies. However,
all these studies showed the benefits of this method over
traditional methods, although different studies showed
different benefits for reasons that will be explained later.

PLACING THE PARTURIENT

These days, it is usual to encourage the partner of the
parturient to accompany her during birth and also dur-
ing cesarean delivery. The cesarean delivery should be
perceived by the partner as nontraumatic as possible. For
many years I made it a habit to have a playback of classical
music inside the operation room and to reduce the noise of
the monitors to the necessary minimum. I found this habit
to create a relaxed atmosphere for the family and also for
the medical staff, which sometimes works under pressure.
As we seek to promote a healthy bonding between mother
and baby, it is advised to leave one hand of the mother free,
so she will be able to touch or hold the baby after the deliv-
ery and even during the closure of the abdomen, given
there is no medical reason to treat the baby.

A Trendelenburg position is helpful because the intes-
tines do not enter the operation field and the access to the
lower segment of the uterus is easier, but it should not be
too steep as it can become uncomfortable to the mother.
The legs of the parturient should be parallel to each other;
if they are extended, the suturing of the fascia becomes
difficult. It is advised to remove the curtain between the
mother’s head and the abdominal wall [5]. Thus, she can
see the baby while it is born. It is impossible for her to see
the inside of the abdomen anyhow. The department of
obstetrics at the Charité university hospital in Berlin has
started using this method with a lot of enthusiasm on the
side of the parturients. However, this has generated much
criticism, again probably to prevailing traditions.

The surgeon should relate to the mother during the
surgery, and reassure her in order to help her keep her
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confidence. Unless there is a clinical indication, the baby
should be left in the operation room with the mother and
be taken with her when she leaves. It is advised that the
examination by the pediatrician be carried out in the pres-
ence of the parents.

ANESTHESIA

In the past, most cesarean deliveries were carried out
under general anesthesia. Today general anesthesia is
still used in case of an emergency. However, the state of
the art these days is to perform cesarean deliveries under
epidural or spinal anesthesia or a combination of both
(Figure 7.1). The use of local anesthesia assists the bond-
ing as the mother is aware of the delivery process. Leaving
the epidural catheter for the first hours after the delivery
enables top-ups preferably with 2% lidocaine 20 mL plus
epinephrine 100 mug and fentanyl 100 mug [6] to relieve
the postoperative pain. It was found that when using this
method, due to its short duration, 2% Mepivacaine is opti-
mal and enough when local anesthesia is given [7].

ABDOMINAL INCISION

The prevailing methods are the longitudinal and trans-
verse incisions. The transverse incision seems superior
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Figure 7.1 (a and b) Combined spinal epidural in cesarean
delivery. (From Di Renzo GC. Trattato di Ginecologia e Ostetricia.
Rome, Italy: Verduci Editore, 2009. With permission.)

over the longitudinal one concerning wound dehiscence
[3]; however, handling the uterus, abdominal inspection,
and delivering the baby seemed to be easier when the
longitudinal one was used compared to the Pfannenstiel
incision.

The Pfannenstiel incision was challenged by Joel Cohen.
He was convinced that the transverse incision is superior
over the longitudinal incision when performing abdomi-
nal hysterectomy, and even safer. He suggested a different,
innovative way for transverse laparotomy.

In 1972, I met Joel Cohen for the first time on the stairs
of the second Gynecological Department in Vienna.
I already knew who he was, and I plucked up courage
and approached him to introduce myself, and so our con-
tact started, which would later, in 1976, lead to me being
accepted to work in his department. Originally South
African, and an extremely talented surgeon, he had origi-
nal ideas in any aspect of surgical technique, mainly in
oncological surgery. He had his own way to follow the
ureter and open the ureteric canal when performing
Wertheim operation, which he did with very few instru-
ments using stretched peritoneum sutured to the skin
rather than metal retractors. He also had very original and
interesting ergonomic ideas using a steep Trendelenburg
position and placing the instrument tray over the head
of the patient, which enabled the surgeon to pick up the
instruments himself.

In the year we met he published his first book Abdominal
and Vaginal Hysterectomy [8], in which he suggested an
innovative and original way of laparotomy by cutting the
fascia above the linea arcuata.

At this anatomical level the fascia moves freely over the
recti muscles. Before being exposed to Joel Cohen’s ideas,
I used to open the abdomen using the Pfannenstiel inci-
sion. Doing so, I had to bluntly separate the fascia from the
muscles. Reading Joel Cohen’s book I assumed that open-
ing the fascia above the linea arcuata and stretching the
muscles without necessity to separate them from the fascia
would be less traumatic than opening the fascia below this
line. As it happened before, Joel Cohen’s idea to open the
abdomen at this level was used by him and his disciples but
at that time it was not subjected to any comparative study.
We took the challenge, and indeed, we could show that
opening the fascia above the linea arcuata reduced febrile
morbidity dramatically [9].

The longitudinal structures of the abdomen, like blood
vessels and the straight muscles, have a lateral sway, like
strings on a musical instrument. One can easily stretch
them laterally given it is done far away from their inser-
tion through their tendons to the pubic bone. The inner-
vation is segmental anyhow, and when one estimates the
location of the blood vessels, hemostasis can be superflu-
ous. [ have been using the modified Joel Cohen incision for
over 35 years for nearly every indicated laparotomy and
rarely used any kind of hemostasis.

It is important to plan the first incision parallel to
the Langer skin lines, which are easy to show up if one
stretches the estimated planned lateral incision point to
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Figure 7.2 skin incision made in a straight line about 3 cm
below an imaginary line between spinae iliacae anterior and
superior.

the side, and to mark the site of the planned incision. The
first cut is made in a straight line about 3 cm below an
imaginary line connecting both spinae iliacae anteriores
superiores (Figure 7.2). Here is the place to say that the
optimal position for a right-handed surgeon is on the right
side of the parturient. It is easier to deliver the head of the
baby with your more sensitive hand, avoiding unnecessary
extensions and bleedings. When you stand on the right
side of the parturient while suturing the uterus after the
delivery, the tip of the needle points away from the blad-
der, which helps avoid injuries. Of course, left-handed sur-
geons should stand on the parturient’s left side.

The first incision should only cut the cutis until the fat
tissue becomes visible. There are no major blood vessels
in the cutis itself, and the superficial epigastric vessels are
embedded in the fat tissue but never in the central line
(Figure 7.3). Therefore, the incision of the fat tissue can be

Figure 7.4 Therefore, the incision of the fat tissue can be
deepened in the midline without causing any bleeding fol-
lowed by a small transverse incision to the fascia (5-7 mm)
until the underlying muscle becomes visible. (Modified from
Malvasi A et al., Rome, Italy: CIC Edizioni Internazionali; 1997.)

deepened in the midline without causing any bleeding fol-
lowed by a small transverse incision to the fascia (5-7 mm)
until the underlying muscle becomes visible (Figure 7.4).
Straight blade scissors with round tips are now inserted
into the opening, one blade below the fascia and the other
above. The scissors’ blades are opened 3-4 mm while
they are pushed laterally above the muscle and below the
blood vessels once to the left and once to the right until
the desired opening size of the fascia is achieved (Figure
7.5). Once the fascia is open the surgeon inserts two fingers
between the recti muscles and stretches the fascia caudally
and cranially (Figure 7.6). This enables the assistant and
later the surgeon to insert the index and middle fingers
below the recti muscles and stretch the muscles together
with the blood vessels as lateral as necessary (Figure 7.7).

Figure 7.3 Central inclusion of the fat tissues because of
superficial epigastric vessels embedded in the fat tissue in the
central line.

Figure 7.5 The scissors’ blades are opened 3-4 mm while
they are pushed laterally above the muscle and below the
blood vessels once to the left and once to the right until the
desired opening size of the fascia is achieved.
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Figure 7.6 Once the fascia is open the surgeon inserts two
fingers between the recti muscles and stretches the fascia cau-
dally and cranially.

Many cesarean deliveries are performed as an emer-
gency. When you are in a hurry and using sharp instru-
ments to open the peritoneum, you might unintentionally
damage the urine bladder or other underlying structures.
Therefore, the more optimal way is to open the peritoneum
by gently stretching it repeatedly until a hole appears, and

Figure 7.8 Many cesarean deliveries are performed as an
emergency. When you are in a hurry and using sharp instru-
ments to open the peritoneum, you might unintentionally
damage the urine bladder or other underlying structures.
Therefore, the more optimal way is to open the peritoneum by
gently stretching it repeatedly until a hole appears, and then
by stretching the opening up and down, the peritoneum will
open transversely.

then by stretching the opening up and down, the perito-
neum will open transversely [10] (Figure 7.8).

For many years, I avoided with very few exceptions the
usage of abdominal towels, and not just because they can
be forgotten in the cavity. It was shown that the usage of
abdominal packs causes adhesions [11].

Figure 7.7 This enables the assistant and later the surgeon to insert the index and middle fingers below the recti muscles and
stretch the muscles together with the blood vessels as lateral as necessary. (Modified from Malvasi A et al., Rome, Italy: CIC Edizioni

Internazionali; 1997.)
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Whatever the reasons for postoperative adhesions may
be, certainly the abdominal bags play a big role here, even
if just for their abrasive effect [12]. The deep Trendelenburg
position is not popular among anesthesiologists but usually
makes the usage of abdominal packs unnecessary. Blood
clots can and should be removed with the surgeon’s palm,
fluid blood if not contaminated should be left intraperito-
neal as it will be absorbed back into the system within a
couple of hours as happens in hemodialysis [13].

REPEATED CESAREAN DELIVERY

After any laparotomy the tissue can react with fibrosis and
adhesions. The described method is not different in this
respect, and although fewer adhesions were reported when
leaving the peritoneum open, there are cases where fibrotic
tissue might cause difficulties when entering the abdomen,
even though adhesions after cesarean deliveries seem to
be a unique group, as in a prospective study no correla-
tion was found between the severity of the adhesions and
the postoperative clinical symptoms. Adhesions resulting
from previous operations usually do not have any clinical
significance [14].

In a study the described method was successful in
100%, 80%, and 65.6% of patients with no, one, and mul-
tiple previous cesarean deliveries, respectively [15]. In this
study no information is given concerning the standardiza-
tion of this method, and maybe different surgeons used
different variations. However, I completely agree that with
increased numbers of cesarean deliveries the difficulties
might increase, and it is highly suggested that only expe-
rienced surgeons should be present in repeated operation.

There is no reason to change the technique in repeated
operations. Trying to avoid difficulties by returning to the
Pfannenstiel incision will not solve the problem because
the fibrosis can be extended all the way to the os pubis.

Due to the fibrosis more traction power is needed to
achieve the optimal opening of the abdominal wall.

To achieve it, I recommend doing the traction with
four fingers rather than two. The index and middle fin-
gers of the right hand of both the surgeon and the assistant

Figure 7.9 To achieve it, | recommend doing the traction
with four fingers rather than two. The index and middle fingers
of the right hands of both the surgeon and the assistant should
be placed below the recti muscles. The index and middle fin-
gers of their left hands should be placed over the two fingers
of the right hand. Now, traction can be undertaken.
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should be placed below the recti muscles. The index and
middle fingers of their left hands should be placed over
the two fingers of the right hand. Now, traction can be
done (Figure 7.9). The reason is that if two hands make the
traction side by side, the surgeon tends to separate them
from each other while pulling. The blood vessels have a
lateral sway, but they do not have length elasticity. You can
remove them to the side but traction will tear them. As a
result unnecessary bleeding will occur.

THE DELIVERY

In 1924 John Martin Munro Kerr (1868-1960) described
the transverse lower incision of the uterus in contrast to
the prevailing longitudinal incisions [16].

Histologically, in the upper part of the uterus muscle
tissue prevails, whereas in the lower segment fibrous tissue
does. Opening the uterus in the lower segment will cause
less damage to the uterine wall, and therefore it makes
sense to open the plica, push it down, and open the uterus
transversely in the lower segment. The plica can be opened
using a transverse incision by scalpel above the bladder
and pushing the plica down with two fingers (Figure 7.10).
It is a good practice to use a nontraumatic hand retrac-
tor to facilitate access to the lower segment. The lower
segment is opened in the midline first superficially with
the scalpel, and usually the anterior wall of the lower seg-
ment can be penetrated with pressure of the inserted index
finger (Figure 7.11). Now, the thumb of the right hand of
the surgeon is inserted into the uterus, pushing to the left,
and the left index finger to the right. In the last weeks of a
pregnancy the lower segment of the uterus is evolved. The
direction of the fibers becomes transverse, and therefore
doing extensions using both fingers separates the lower

Figure 7.10 The plica can be opened using a transverse
incision by scalpel above the bladder and pushing the plica
down with two fingers.
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Figure 7.11 (a) The lower segment is opened in the midline
first superficially with the scalpel; (b) usually the anterior wall
of the lower segment can be penetrated with pressure of the
inserted index finger.

segment in a minimally traumatic way, thus causing very
little bleeding.

Comparing my own experiences using the Pfannenstiel
incision and the modified Joel Cohen incision, I find the
delivery of the baby much easier with the latter. Usually it
is easy to deliver the baby in a spontaneous delivery with
the assistance of the palm of the right hand exerting slight
pressure on the fundus. When I was using the Pfannenstiel
incision forceps were often needed, and in breech delivery
often a further extension of the incision—sometimes with
sharp instruments—became necessary. The location of the

Figure 7.12 Spontaneous assisted delivery of the placenta.

high transverse incision enables a more extended opening
due to the free movement of the muscles under the fas-
cia. In other gynecological operations the same incision
enables an optimal access to the lateral site of the pelvis
as needed for lymphadenectomy, and it is even easier than
when using longitudinal incision of the abdomen using
retractors.

Except for a Fritsch or a similar retractor no other
retractor was ever necessary when using this abdomi-
nal incision, also for other indications like oncological
operations.

Spontaneous assisted delivery of the placenta is the opti-
mal way. It was shown that manual removal of the placenta
increases significantly the blood loss [17] (Figure 7.12).

A towel should only be used if remaining cotyledons or
membranes are suspected.

Exteriorization of the uterus enables better vision
and the manual contraction of the uterus, facilitates its
suturing, and makes the inspection of the ovaries easier.
Exteriorization of the uterus involves less bleeding than
when sutured inside the abdomen [18] (Figure 7.13).

Despite occasional intra-operative pain due to inade-
quacy of the anesthesia, exteriorizing the uterus during CS
is considered a valid option [19]. It is important to examine
the ovaries before closing the abdomen in order to make
sure that ovarian pathologies like dermoid cysts are not
left behind.

CLOSURE OF THE UTERUS

Many ways to close the uterus have been described.
Traditionally, it has been done with two layers, sometimes
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Figure 7.13 Uterine and adnexal examination.

continuously, sometimes with single knots, or with combi-
nations of both. Some are placing hemostatic sutures on the
lateral aspects of the opening, all following local traditions.

In 1973 Cstcs recommended for the first time a single-
layer closure [20]. When he performed hysterosalpingog-
raphies a few weeks after surgery, less sacculations were
demonstrated, and therefore it was assumed that the scars
would be stronger when using one layer.

Believing it is so, I have used only single-layer closure
for many years. My own reasoning is that the uterus con-
tracts immediately after birth, even in the first hours. After
6 weeks the uterus usually returns to its size as it was before
the pregnancy. The lower segment contracts together with
the uterus. The sutures cannot follow the diminishing in
size of the uterus and therefore probably disturb the natu-
ral healing. The more sutures are placed, the more foreign-
body reaction and therefore theoretically weaker scars will
be the result. In order to avoid extra sutures I developed the
habit of using huge needles—80 mm in diameter—which
enable closure of the uterus with very few stitches and
therefore a minimum of suturing material is left behind.

There are studies supporting single-layer suturing that
maintain there are stronger scars and less ruptures in the
following pregnancies [21], while others claim the opposite
[22]. A Cochrane study could not show any disadvantage
in using single-layer suturing and confirmed a shorter
operation time [23] (Figure 7.14).

Figure 7.14 Uterine single-layer suture.

After a detailed examination of the articles I am cer-
tain that only standardized methods enable comparative
studies and not just for cesarean deliveries [24]. Very often
we come across meta-analyses that do not include detailed
descriptions of the methods used in the different hospi-
tals. Of course, I will again start suturing the uterus with
a double layer should a standardized method prove the
superiority of double-layer over single-layer suturing.

ABDOMINAL CLOSURE

A similar situation can be found concerning the ques-
tion of closure versus nonclosure of the peritoneal lay-
ers. In 1980 Harold Ellis from the Westminster Hospital
in London published his data showing the closure of the
peritoneum during laparotomy is not necessary. His rea-
soning was that, unlike the skin, the peritoneum cannot
be sutured end to end, that sutures cause adhesions, and
that if the peritoneum is left open a new one will emerge
from the coelom cells within days [25].

As I was convinced of these ideas I started leaving the
peritoneum open as early as in 1980, and I have done so
until today, and in any abdominal operation including
laparoscopies. I was able to show that in repeat cesarean
deliveries significantly less adhesions were found [26].
A similar discussion emerged in the literature among
those who believe that leaving the peritoneum open causes
more [27] or less adhesions [28]. My reasoning for con-
tinuing leaving the peritoneum open can be found in the
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literature [24], and again, only standardized methods can
be compared to each other. If it is unknown which meth-
ods were used, what were the indications for the cesarean
delivery, whether or not abdominal packs were used, etc.,
it is impossible to reach a reasonable conclusion.

Because towels are not used, blood clots can be removed
manually. Fluid blood does not have to be suctioned
because in short time it will be completely absorbed, as
happens with peritoneal dialysis [29].

As both peritoneal layers are left open, the next step is
the closure of the fascia (Figure 7.15). It is done with con-
tinuous suturing, starting from the surgeon toward his
assistant. Thus the surgeon’s hand will not cross the hands
of the assistant, and the surgeon is responsible for keeping
the tension of the suturing material. The first knot should
be placed below the fascia, and to do so the needle is
inserted first from inside the lower part of the fascia, tak-
ing both layers with it, then going from outside the upper
part inside, and knotting the suture below the fascia. This
will prevent a subcutaneous knot, a focus for reaction and
pain. The skin can be closed in various ways, and there
is no convincing study comparing intracuticular to single
knots, although staples were preferred by women over
single knots [30]. The studies relate to the Pfannenstiel
incision and not to the modified Joel Cohen incision [31].
Usually, no hemostasis in the abdominal wall is needed.
However, once in a while a small collection might occur.
Therefore it is important to enable spontaneous drainage
in the first hours after the operation. If just a few stitches
are placed, it is more likely that no seromas or hemato-
mas collect under the skin due to the possibility for free
drainage between the stitches. The more experienced the
surgeon is, the less stitches are needed. The optimal way

Figure 7.15 Continuous suture of the fascia.

is placing one stitch in the middle and two laterally. With
experience one learns where to put the lateral ones in order
to get a good adaptation. It is recommended to use the
largest skin needle and to go through the subcutis in order
to avoid free open spaces.

Most mothers experience pain at the suture level in the
days after surgery. The reason is that the skin reacts to the
trauma by swelling. The suture material is nonelastic, and
therefore the skin is pinched. After 48 hours the lateral
stitches can be removed, which is followed by immediate
pain relief. Some surgeons find it helpful to place Heaney
clamps between the stitches for 5 minutes in order to
receive a good adaptation. Once in a while, due to specific
circumstances or the surgeon’s lack of experience more
stitches are needed. Even in these cases the lateral stitches
can and should be removed after 48 hours.

AFTER THE OPERATION

Recovery after surgery is individual. Early mobilization
is of advantage mainly in overweight women [32]. The
main reason for the possibility for early mobilization as
compared to the Pfannenstiel method is the nontraumatic
separation of the fascia from the recti muscles, as was
shown also by the significantly lower febrile morbidity
rate as documented in one of our first studies [33]. It is not
unusual that mothers undergoing this method a couple of
hours after surgery can move freely, bend down, and look
after their babies, which makes this operation as similar as
possible to a normal birth. As no towels are used and due
to the size of the uterus there is nearly no exposure of the
intestines, there is no reason for abstinence of fluids after
surgery, and the mother can drink freely as long as she
was operated on with epidural anesthesia or when she is
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completely awake after general anesthesia [34,35]. A birth
is a happy family event, and therefore, if the physical con-
ditions allow it, the partner and the baby should stay in the
same room with the mother.

SCIENTIFIC EVALUATION OF THE DESCRIBED METHOD

This method was presented for the first time during the
FIGO conference in Montreal, Canada, in 1994 [36]. It was
scientifically evaluated again in the University Hospital of
Uppsala, Sweden, which showed significant benefits over
traditional methods [37]. As mentioned before, the mother
and child unit of the University of Uppsala distributed films
and written descriptions to more than 100 countries. The
acceptance was overwhelming, and soon peer-reviewed
publications appeared. Only standardized surgical meth-
ods give us the opportunity to compare outcomes of
operations carried out in different hospitals and by differ-
ent surge