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1Epidemiologic trends internationally
Maternal and perinatal morbidity and mortality
ANA PILAR BETRÁN 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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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 

Table 1.1 Cesarean delivery rates by region and subregion and coverage of the estimates

Region/subregiona

Births by 
cesarean 

delivery (%)

Range, 
minimum to 

maximum (%)
Coverage of 

estimatesb (%)

World total 15.0 0.4–40.5 89 (74)c

More developed regions 21.1 6.2–36.0 90
Less-developed countries 14.3 0.4–40.5 89 (72)c

Least-developed countries 2.0 0.4–6.0 74
Africa 3.5 0.4–15.4 83
 Eastern Africa 2.3 0.6–7.4 93
 Middle Africa 1.8 0.4–6.0 26
 Northern Africa 7.6 3.5–11.4 84
 Southern Africa 14.5 6.9–15.4 93
 Western Africa 1.9 0.6–6.0 95
Asia 15.9 1.0–40.5 89 (65)c

 Eastern Asia 40.5 27.4–40.5 90 (0.31)c

 South-Central Asia 5.8 1.0–10.8 93
 South-Eastern Asia 6.8 1.0–17.4 83
 Western Asia 11.7 1.5–23.3 75
Europe 19.0 6.2–36.0 99
 Eastern Europe 15.2 6.2–24.7 100
 Northern Europe 20.1 14.9–23.3 100
 Southern Europe 24.0 8.0–36.0 97
 Western Europe 20.2 13.5–24.3 100
Latin America and the Caribbean 29.2 1.7–39.1 92
 Caribbean 18.1 1.7–31.3 78
 Central America 31.0 7.9–39.1 98
 South America 29.3 12.9–36.7 90
Northern America 24.3 22.5–24.4 100
Oceania 14.9 4.7–21.9 92
 Australia/New Zealand 21.6 20.4–21.9 100
 Melanesia 4.9 4.7–7.1 87
 Micronesia nad na 0
 Polynesia na na 0

a 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.
c Figures within parentheses represent coverage excluding data from China.
d na = data not available.

 



Cesarean delivery and maternal and perinatal outcomes 3

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].

CESAREAN DELIVERY AND MATERNAL 
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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OR 10.6, CI 9.3–12.0; intrapartum without indication OR 
14.2, CI 9.8–20.7; 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 
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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, 

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, ≥37 
weeks’ gestation in spontaneous labor

2 Nulliparous with single cephalic pregnancy, ≥37 
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, ≥37 weeks’ gestation 
in spontaneous labor

4 Multiparous without a previous uterine scar, with 
single cephalic pregnancy, ≥37 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, ≥37 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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2Laparotomies and cesarean delivery
GIAN CARLO DI RENZO, SHILPA NAMBIAR BALAKRISHNAN, 
and ANTONIO MALVASI

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 c).

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. 
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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 

(b)

(a)

1
2
3

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.)
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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 

(b) (c)

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.
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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).

(a)

(b)

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.
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A variant of the Mackenrodt–Maylard technique was 
described by Cherney in 1941 [11]. The Cherney lapa-
rotomy involves the resectioning of the rectus muscles at 
the pubic insertion: after the fascia is cut transversely, the 
lower layer is detached up to the pubis. Once the muscular 

plane is displayed, the pyramidal muscles are separated 
from the rectus muscles up to the base and the quadri-
lateral tendons of the latter are cut at the pubic inser-
tion located between the iliac spines and the symphysis 
(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.)

(a)

(b) (c)

Figure 2.4 (a) 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.
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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 2.6 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.
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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 

(a)

(b)

Figure 2.7 (a) 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.
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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 c). 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 

(a)

(b)

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.)
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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 

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

 

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.
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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: 
skin incision and fat fissure incision at central laparotomy area.
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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.)

Figure 2.13 Stretching of subcutaneous tissue in the inci-
sion area with fingers index up and down.
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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.

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].

Figure 2.14 Section of the anterior fascia layer with Mayo 
scissors.

Figure 2.16 Stretching of abdominal muscles at cesarean 
delivery.

Figure 2.15 Caudocranial stretching of the fascia to make 
the next maneuver easier.
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An important phase of the modified laparotomy is 
the preparation of the fascia, as accurately described by 
F. 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 12–15 cm 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.)

Figure 2.17 Bimanual stretching with the handsoverlapped, by surgeon and assistant, during laparotomy.
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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 2.33) and then “tunnel” up with the index finger 
until reaching the medial edges of the rectus muscles.

• The surgeon then performs a slight “stretching” in the 
caudal cranial direction, pulling slightly more in the 
cranial direction and performing a blunt detachment of 
the pyramidal muscles (Figure 2.34).

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

(a)

(b)

(c)

Figure 2.19 (a) Longitudinal skin incision at longitudi-
nal laparotomy during cesarean delivery, extended 15 cm 
from pubic symphysis. (b) Incision of skin scar in longitudinal 
laparotomy during repeat cesarean delivery. (c) Excision and 
removal of the skin scar longitudinally during repeat cesarean 
delivery.
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• 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.

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 

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

v.p. v.p.

P

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.)

(a)

(b)

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.
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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 2.24 Incision with scalpel of the parietal perito-
neum scarred in repeat cesarean delivery.

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

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.

 

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-3&iName=master.img-045.jpg&w=268&h=341


Closure of the abdominal wall 27

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 

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.)

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.)
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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.

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 2.29 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.)
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Figure 2.35 Joel-Cohen modified laparotomy: medial- 
lateral combined stretching between the operator and the 
assistant, as indicated by Joel-Cohen, the combination of verti-
cal and horizontal stretching is called “cross stretching.”

Figure 2.33 Joel-Cohen modified laparotomy: resection 
with scissors of the fibrous bridge.

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.
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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 

Figure 2.36 Joel-Cohen modified laparotomy: “cross 
stretching” combined with the opening of the peritoneum by 
finger fracture.

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

2-cm incision
1994

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 
in Pfannenstiel

1977

Mouchel [33] Transverse incision of all layers, including the rectus muscles 
immediately above the pyramidal muscles

1981

Racinet and Favier [34] “Inverted cone” incision: fascia opened laterally 3 cm beyond the 
cutaneous incision

1984
Chow [35] 1983
Ferrari [36] Lower Joel-Cohen cutaneous incision 1996
Malvasi and colleagues [37,38] Cross stretching (Figure 2.36) 1997
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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.

Figure 2.37 Suture in the transverse laparotomy for closing the abdominal wall: suture of the fascia.
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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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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 

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.
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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 
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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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…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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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.

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.

Figure 3.1 Traditional vertical incision of the uterus at full-
term pregnancy.
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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 

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.
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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 et al. [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 fact in the case of anomalous bleeding, which requires 
more free space, it is preferable to push the fold down away 

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).

(a)

(b)

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]).

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).
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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 

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 3.6 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.

Figure 3.8 The vesicouterine plica adheres to the lower 
uterine segment, due to a previous cesarean delivery, and is 
detached with Mayo scissors.

Figure 3.9 Forceps are used on the vesicouterine plica to 
locate the best detachment area.
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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 

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.

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.
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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 

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, 

Figure 3.14 Downward detachment of the vesicouterine 
plica that adheres to the lower uterine segment, using a swab 
mounted on ring forceps.

Figure 3.15 Exposure of the lower uterine segment.

Figure 3.16 A transabdominal convex ultrasound probe is 
used to locate the placenta in relation to the lower uterine seg-
ment before the cesarean delivery is performed.
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presence of fibrous tumors, and development of the lower 
uterine segment.

In light of the above, an important consideration is the 
wideness (width) of the hysterotomy so that the fetus can 
be extracted without trauma.

Iffy and Pantages describe two cases in New Jersey of 
Erb’s palsy that occurred during a cesarean delivery: one 
occurred after the manual repositioning of the head after 
the forceps and ventouse failed, the other occurred during 
an elective cesarean delivery with numerous adherences 

(a)

(b)

Figure 3.18 (a and b) Opening of the uterine breach: the index finger penetrates to the last layer of the myometrium and reaches 
the amniochorial membranes.

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.
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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). 

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.

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.
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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 

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 

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

Figure 3.22 Incision of the uterus with exposed lower con-
vexity and sagittal section.

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 

developed uterine segment
6

Shoulder presentation 5
Vertex and arm composite presentation 3
Second twin shoulder presentation 2
Shoulder presentation, premature rupture 

of membranes (PROM), oligohydramnios
2

Transverse/transverse twin 1
Vertex-foot composite presentation 

second twin
1

Breech second twin 1
Breech presentation with arm at incision 

level
1

Total 56
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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.

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 

(a)

(b)

Figure 3.24 Low vertical incision: (a) intraoperative photograph and (b) schematic diagram in relation to the fetus.

(b)(a)

Figure 3.25 (a) High (complete) longitudinal incision and 
(b) upside-down T incision. The arrows indicate the uterine 
incisions in cesarean section.
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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.

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 3.26 Percentage of maternal morbidity in the 
Patterson study.

Figure 3.27 “J” 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.

X1
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Figure 3.29 Blunt blade scalpel proposed by Ishii in 1999.
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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].

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).

Figure 3.31 Blunt widening of the breach with digital 
traction.

Figure 3.32 Latero-lateral digital widening of the uterine 
breach in the cesarean delivery hysterotomy.

Figure 3.33 Latero-lateral digital widening of the uterine 
breach with a careful caudal cranial pull.
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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 

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.

0
Extreme

blood loss
Surgery

complication 
Hospitalization

2

4

6

8

10

N
um

be
r o

f p
at

ie
nt

s

12

14

Low transverse incision 
16

18

20

Extension incision

Figure 3.35 Number of patients with complications and 
average hospitalization period resulting from the incision 
extension technique versus a control group.

Figure 3.34 Latero-lateral extension of the uterine breach using the index and middle fingers of both hands.

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

Complication
Scissor cut (in 
470 patients)

Blunt cut (in 
475 patients)

Average blood loss (mL) 886 843
Transfusions (number of 

patients)
9 2

Extension of uterine scar
 1–3 cm 57 20
  >3 cm 69 24
Wide ligament lacerations 

(number of patients)
16 7

Cervical lacerations 
(number of patients)

15 8

Postpartum endometritis 
(number of patients)

66 51
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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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4Fetal extraction during cesarean delivery
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)

• Positioning 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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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 4.1 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.

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 Progression, guided by the surgeon, of the presenting part toward the uterine breach.
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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 

(a)

(b)

s

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).
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(a)

(c)
s

(b)

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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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 

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.

(a)

S
(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).

(a)

(b)

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).
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(b)

(a)

SS

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.

(a)

(b)

SS

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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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).

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 

(a)

(b)

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.

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).
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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 
medico legal 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.

Figure 4.13 Posture of the operator’s hand ready for the extraction of the fetal head.
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  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.
• 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 

Figure 4.14 The surgeon’s hand, assisted by the push on the uterine fundus, is like an inclined plane on which slides the fetal 
head.
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(a)

(b)

Figure 4.15 (a) Insertion and positioning of the hand in the uterus; (b) holding and lifting the fetal head.
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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.”

• 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 

(a)

(b)

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.
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Figure 4.17 Posterior flexion of the head, which the opera-
tor must align before the extraction.

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 
assistant slides on the hand of the surgeon (above) preventing 
any further flexion.

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

Figure 4.20 Fetal extraction with association of the upper 
left limb, which must be pushed up and back to facilitate 
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 4.22 Extraction of the presenting part in posterior 
asynclitism: the hand of the operator must penetrate deeply 
into the birth canal in order to carry out the extraction, in 
advanced second-labor stage.

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 4.24 Fetal head deeply engaged in the pelvic cav-
ity extraction: with hand inserted in the vagina the assistant 
pushes the fetal head so that the operator can insert his or her 
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.

Figure 4.26 The operator’s hand locates the fetal rima oris 
before appropriately inserting the fingers in the buccal cavity.

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, 
directed toward the fetal palate in order to perform the extrac-
tion maneuver.
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(Figure 4.32). The shoulders must emerge, as during vagi-
nal extraction, by positioning the bisacromial diameter 
transversely, along the main axis of the hysterotomy and 
laparotomy. If the shoulder extraction is perpendicular to 
the laparotomy and hysterotomy incisions, the operator 

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 4.29 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 4.30 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 4.31 The surgeon uses his hands to perform an 
anchoring maneuver of the fetal cheeks in order to extract 
the head. He must feel which of the two fetal shoulders can be 
more easily extracted (sagittal section at top).
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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].

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
• Penetration 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

(a)

(b)

Figure 4.32 (a and b) Tilting 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.)

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

• Incomplete: 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 foot and 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 

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:

• Posterior transverse sacroiliac (Figure 4.41)
• Posterior 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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(a)
(b)

(c)
(d)

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.)
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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 4.37 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.)

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 4.41 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.

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

(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).
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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 
right sacroiliac): the operator hooks the right fetal foot.

Figure 4.49 Fetal hooking maneuver (initial phase) in 
incomplete breech presentation, buttocks variant (anterior 
right sacroiliac): the operator hooks the left foot (posterior), 
which is the easiest fetal part to hold.

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.
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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 

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.
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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.

(a)

(b)

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.
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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.

 

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-115.jpg&w=374&h=264
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-5&iName=master.img-116.jpg&w=374&h=260


88 Fetal extraction during cesarean delivery

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, 

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: 

(a)

(b)

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.

(a)

(b)

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

(a)

(b)

Figure 4.57 Complete presentation feet variant, (a) posterior transverse sacroiliac; (b) anterior transverse sacroiliac.
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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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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.

Figure 4.64 By pulling the fetus downward, the shoul-
ders will engage and the axillary cavity and anterior arm will 
emerge.

Figure 4.65 Disengagement maneuver of the anterior 
shoulder.

Figure 4.66 Disengagement maneuver of the posterior 
shoulder after the fetal body has been rotated by 90°.
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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 
“freed” so that the funicle loops can be extracted to prevent 
them (to the extent possible) from being compressed by the 
fetal body against the uterine breach.

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 4.70 Second phase of the Mauriceau maneuver: 
the surgeon simultaneously pulls up with his or her left hand 
on the neck, while the right hand placed in the fetal mouth 
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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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 

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 recommended to never exert 
too much force during the version [22].

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.

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.

Figure 4.75 External cephalic version of fetus in breech 
presentation with left anterior fetal dorsum.
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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:
• The fetal head is too high, meaning it cannot be 

firmly held and maneuvered—even with fundal 
pressure.

• 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).

• Cross the 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).
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• 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.

(a)

(b)
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).

Figure 4.78 Deep positioning, from top to bottom, of the 
left branch.
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Figure 4.79 The operator positions the left branch of the forceps, slides it around the fetal cheek, and lowers the branch handle.

Figure 4.80 The operator inserts the right branch of the forceps.
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Figure 4.81 The operator maneuvers the forceps branches.

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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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.

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.
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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 Sagittal 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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• 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 

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.
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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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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 

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.
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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 
bar inserted 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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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].

Figure 4.98 The operator exerts pressure and pulls by modulating the intensity.

Figure 4.99 The operator employs a single-use vacuum extractor to disengage the fetal head from the uterine breach.
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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 
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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 

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

(a)

(b)

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.)
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(a)

(b)

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, 
Di Renzo GC. Ecografia intraparto ed il parto, Bari, Italy: Editori 
Laterza; 2012.)

(a)

Figure 4.102 (a) Transverse presentation with head to the 
left and posterior dorsum. (b) Transverse position with head 
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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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 

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.
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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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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 Sänger) or on the lower uterine segment 
(according to Krönig) [15].

(a)

(b)

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.

Figure 4.108 Once the version is performed, the operator 
can complete the fetal extraction.
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Figure 4.111 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 4.113 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.

Figure 4.114 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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5Placental removal and uterine 
exteriorization techniques
ANTONIO MALVASI and GIAN CARLO DI RENZO

…It is rare 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 

concept is 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 Cesariènne: “…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 5.2 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.

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].

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.
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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 Peña 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 

Figure 5.4 Spontaneous placental removal during cesarean delivery with Credé’s technique and simultaneous careful traction 
on the previously clamped umbilical cord.
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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.

 

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-6&iName=master.img-004.jpg&w=287&h=342
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-6&iName=master.img-005.jpg&w=299&h=216


Placental removal 127

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].

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 5.7 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.)
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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.)
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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.
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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.)

Figure 5.11 Maneuver for the inspection of the placenta 
and membranes after placental removal: the placenta is placed 
on the instrument nurse’s table to be examined.
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(a) (b)

Figure 5.12 Examination of the (a) maternal side and of the (b) fetal side of the placenta after placental removal.

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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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 5.16) 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 
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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.)

Figure 5.15 Wiping maneuver with a swab held by ring forceps.
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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:

[R]ather 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 

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.
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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).

Figure 5.17 Removal from the uterine cavity, after placental removal, of residual amnion–chorion membranes by means of ring 
forceps.
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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 

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.
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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. χ2 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 IV 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 

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.
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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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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). In this review 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 

Figure 5.24 Inspection of the uterine breach after exteriorization and uterine massage.
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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 5.26 Incidence of post-cesarean endometritis in 
exteriorization and nonexteriorization and in replacement 
and nonreplacement of surgical gloves. Column I, 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.)

Figure 5.25 Inspection of the ovaries (top left) and tubes (bottom left) in the course of a cesarean delivery after uterine 
exteriorization.
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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 inside!…. 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 

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.
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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 

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.
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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].

Figure 5.29 Sampling of placental blood from the umbilical cord, which is then sent to a transfusion center.
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6Suture 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 



146 Suture of uterine incisions

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.)

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.
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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 

“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 

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].

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.

Figure 6.4 Cross section of the first layer of the longitudi-
nal incision of the uterus according to De Lee and Greenhill: 
interrupted catgut stitches (no. 1) 1 cm apart without including 
the uterine mucosa.

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 wirea

Catgut
a Iron wire was employed by Porro on a Canard snare to close the uter-

ine stump.
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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].

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 6.6 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”).

Figure 6.7 Suture of the cesarean hysterotomy with exteri-
orized uterus in which the corners have been sutured.

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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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 

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.
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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 

(a) (b)

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.
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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 

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.

Uterine
suture

Simple
double

interlocking
layer

Simple
single

interlocking
layer

Continuous

Interrupted
stitches

Figure 6.14 Chart showing the different uterine suturing 
methods during a cesarean section.
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over 2300 patients would have to be studied in order to 
obtain a statistical power of 80% (Figure 6.20) [23].

In 2004 Enkin and Wilkinson in evaluating the effects 
of the single-layer closure compared to the double-layer 
closure, considered only two trials that included 1006 

Figure 6.18 Interlocking uterine suture with exteriorized 
uterus.

(a)

(b)

Figure 6.16 Simple continuous suture of the uterine inci-
sion with exteriorized uterus, (a) starting from the side of the 
assistant and excluding the uterine mucosa from the suture; 
(b) detail of the monolayer of the uterus that excludes the 
decidua.

Figure 6.15 Simple continuous suture of the uterine 
breach, with uterus in situ (basically in the abdominal cavity).

Figure 6.17 Continuous interlocking suture of the uterine 
breach with the uterus placed in the abdominal cavity.
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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 

(a)

(b)

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.
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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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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% CI p value

Single-layer closure 3.95 1.35–11.49 0.012
Interval between 

births ≤24
2.31 0.97–5.52 0.59

Weight at birth 
>4000 g

2.10 0.76–5.84 0.154

Use of epidural 
anesthesia

2.10 0.76–5.84 0.247

Previous vaginal 
childbirth

0.42 0.05–3.17 0.719

Source: From Bujold E et al., Am J Obstet Gynecol 2002;186:1326–30. 
With permission.
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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-
ful to avoid damaging the uterine–ovarian venous plex-
uses against the abdominal walls (Figure 6.24).

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].

Table 6.3 Summary of the most used suture materials in hysterorrhaphy during a cesarean delivery

Suture threads used in a cesarean delivery

Name Origin Biology Chemical structure Morphology
Loss of tensile 

strength
Complete 

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 

(polyglactin)
Braided multifilament 20 days 90 days

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-

adipamide
Braided multifilament — —

Figure 6.21 Electrocoagulation control of hemostasis by 
electric scalpel in the area of the simple continuous uterine 
suture.

Figure 6.22 Simple continuous suture starting from the 
top by the assistant surgeon of the visceral peritoneum.
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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].

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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7Optimal cesarean delivery of the 
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 mμg and fentanyl 100 mμg [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 

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. I 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 

(a)

(b)

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.)
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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 

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).

P

Figure 7.2 Skin incision made in a straight line about 3 cm 
below an imaginary line between spinae iliacae anterior and 
superior.

Figure 7.3 Central inclusion of the fat tissues because of 
superficial epigastric vessels embedded in the fat tissue in the 
central line.

Figure 7.4 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.)

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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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 

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 7.6 Once the fascia is open the surgeon inserts two 
fingers between the recti muscles and stretches the fascia cau-
dally and cranially.

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.)

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.
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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 

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 7.9 To achieve it, I 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.

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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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 

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 

(a)

(b)

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.

Figure 7.12 Spontaneous assisted delivery of the placenta.
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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 Csúcs 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).

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 

Figure 7.13 Uterine and adnexal examination.

Figure 7.14 Uterine single-layer suture.
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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 

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 

Figure 7.15 Continuous suture of the fascia.
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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 surgeons. This is true in all departments as well as in 
meta-analyses [24]. This explains why in the evaluation of 
this method very often different outcomes are documented. 
Generally, all the publications until now have shown ben-
efits over any kind of traditional cesarean deliveries. There 
is one publication reporting eventuation after the operation 
[38]. However, as far as we know eventuation happens after 
any kind of laparotomy, but they are not usually reported 
in the literature. Probably because of the differences and 
variations it is interesting to see that while all publications 
report benefits over traditional methods, each publication 
highlights other benefits. Examples are benefits concerning 
costs [39], the need for pain killers [40], the duration of the 
operation [41], the time until the beginning of mobiliza-
tion [42], and the amount of blood loss [43]. It seems that 
not only the described method but also the method used 
for control groups vary due to local differences. Therefore, 
it will be necessary to conduct future comparative studies 
using standardized surgical methods for both our described 
method and the control groups.

This method is now in use in many countries around 
the globe. The reasons are not just the improved outcome, 
early mobilization, and early hydration, but also the fact 
that only 10 instruments and usually only three stitching 
materials are necessary. This is important everywhere but 
definitely in countries with limited resources. Our group 
conducted surgical courses in countries like Burkina Faso 
and Senegal, and we could see the immediate and enthu-
siastic application. The principles of minimalism work for 
any surgery, as for example, the vaginal hysterectomy [44].

THE DANGERS OF OVERUSED CESAREAN DELIVERIES
In the last decade there has been a tendency all over the 
world to increase the rate of cesarean deliveries. It rose 
from 2.1% in 1931 in Germany [45] to more than 30% in 
the United States [46].

There are many reasons for this dramatic increase: The 
fear of court cases, the misinterpretation of the monitor-
ing or missing knowledge of the physiological birth, the 
acceptance of cesarean delivery on demand through sci-
entific publications [47], and certainly also the availability 

of easier and modified surgical methods like the one 
described here.

Homo sapiens is the only species that developed meth-
ods to assist the physiological birth process. We know that 
more than 4000 years ago midwifery was a recognized 
profession. The main reason for the need of birth assis-
tance is the relatively big size of the human head compared 
to the pelvic size [48]. This similarity of diameters is due 
to the bipedalism of the Homo sapiens, which results in a 
narrow pelvis and the evolution of a big brain.

In the past, in case of disproportion between the size of 
the head and the pelvis, the result was the death of both 
mother and baby. Evolution arranged delivery that is con-
ducted and initiated by the newborn itself [49] in such a way 
that vaginal birth is possible. However, as a result human 
babies are dependent. In comparison to most mammals, 
which very shortly after birth are able to find themselves 
the mother’s nipples and are able to walk instantly, the 
human baby needs months and years until independency. 
In these days, where a dramatic rise in the rate of cesarean 
deliveries is occurring, the question arises: What will be the 
future of generations born by cesarean delivery [50]?

When the size of the head and pelvis are no longer a lim-
iting factor, the normal evolution of our species concern-
ing the timing of a physiological birth might change. The 
genetic message will get lost, and it is not improbable that 
in the future, physiological characteristics of Homo sapi-
ens might change. The changes happen much faster than 
we believe. The average height of adults has increased [51]. 
This could be due to nutrition and environmental as well as 
other factors. Blue eyes and lactose tolerance are features of 
the human species that did not exist 10,000 years ago [52]. 
If the size of the head or the diameter of the pelvis, due to 
repeated cesarean deliveries along the generations, will not 
be an evolutionary factor, there will not be any reason for 
restricted pregnancy time. It is possible that the longevity of 
the placenta will change. Longer pregnancies will become 
possible and as a result babies will be born more mature.

Even the shape of the head might change. The shape of 
the head is a result of the need during labor. The relatively 
long neck enables the movements and rotation during the 
passage through the different levels of the pelvis. The nar-
row pelvis serves as the optimal bipedal gate of our species. 
The female pelvis is wider than the male pelvis because 
it also functions as the birth channel. If this function is 
no longer used, the female pelvis might become narrow 
over the generations. It is not improbable that the shape of 
the neck will change as well. The shape of the baby’s neck 
enables the rotations in the birth channel which are fol-
lowed by the shoulders. The result of generations born by 
cesarean delivery might be therefore longer pregnancies, a 
larger head, a shorter neck, and a narrow pelvis.

I strongly support the idea that any intervention should 
be based on a correct indication. In order to prevent an 
excessive use of cesarean deliveries I worked with a system 
in the hospital that prescribed that every cesarean delivery 
should be reported to the senior gynecologist, who was able 
to contact his senior, present the case, and get permission 
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to perform the operation. With this system only the indi-
cated cesarean deliveries were performed. There is no jus-
tification for any operation, even if its method is optimal, 
if the indication was not correct.

REFERENCES
 1. Lurie S, Glezerman M. The history of cesarean tech-

nique. Am J Obstet Gynecol 2003;189(6):1803–6.
 2. Pfannenstiel J. Über die Vorteile des suprasym-

physären Faszienquerschnitts für die gynäkolo-
gische Koliotomien, zugleich ein Beitrag zu der 
Indikationsstellung der Operationswege. Samml Klin 
Vortr Gynäkol 1897;68–98 (Klin Vortr NF Gynäk 
1900; 97:268).

 3. Mowat J, Bonnar J. Abdominal wound dehiscence 
after caesarean section. Br Med J 1971;2(5756):256–7.

 4. Stark M. Technique of caesarean section: Misgav 
Ladach method. In: Popkin DR, Peddle IJ, eds. 
Women’s Health Today. Perspectives on Current 
Research and Clinical Practice. Proceedings of the 
XIV World Congress of Gynecology and Obstetrics, 
Montreal. New York, NY: Parthenon; 1994:81–5.

 5. Smith J, Plaat F, Fisk NM. The natural cae-
sarean: A woman-centred technique. BJOG 
2008;115(8):1037–42.

 6. Balaji P, Dhillon P, Russell IF. Low-dose epidural 
top up for emergency caesarean delivery: A ran-
domised comparison of levobupivacaine versus 
lidocaine/epinephrine/fentanyl. Int J Obstet Anesth 
2009;18(4):335–41.

 7. Meininger D, Byhahn C, Kessler P et al. Intrathecal 
fentanyl, sufentanil, or placebo combined with 
hyperbaric mepivacaine 2% for parturients under-
going elective cesarean delivery. Anesth Analg 
2003;96(3):852–8.

 8. Joel Cohen SJ. Abdominal and Vaginal Hysterectomy. 
New Techniques Based on Time and Motion Studies. 
London, UK: William Heinemann Medical Books; 
1972.

 9. Stark M, Finkel AR. Comparison between the 
Joel-Cohen and Pfannenstiel incisions in cesar-
ean delivery. Eur J Obstet Gynecol Reprod Biol 
1994;53(2):121–2.

 10. Stark M. In the era of “non-closure of the perito-
neum,” how to open it? (Not every simple method is 
optimal, but every optimal method is simple). Acta 
Obstet Gynecol Scand 2009;88(1):119.

 11. Schwemmle K. Causes for adhesions in the abdo-
men. Langenbecks Arch Chir Suppl II Verh Dtsch Ges 
Chir 1990:1017–21.

 12. Down RH, Whitehead R, Watts JM. Why do surgi-
cal packs cause peritoneal adhesions? Aust N Z J Surg 
1980;50(1):83–85.

 13. Almeida PB, Pinheiro da Costa BE, Figueiredo AE 
et  al. Erythrocyte L-arginine uptake in peritoneal 
dialysis patients changes over time. Adv Perit Dial 
2007;23:48–50.

 14. Stark M, Hoyme UB, Stubert B et al. Post-cesarean 
adhesions—Are they a unique entity? J Matern Fetal 
Neonatal Med 2008;21(8):513–6.

 15. Bolze PA, Massoud M, Gaucherand P et  al. What 
about the Misgav-Ladach surgical technique in 
patients with previous cesarean deliveries? Am J 
Perinatol 2013;30(3):197–200.

 16. Dunn PM. Professor Munro Kerr (1868–1960) of 
Glasgow and caesarean delivery. Arch Dis Child Fetal 
Neonatal Ed 2008;93(2):F167–9.

 17. Wilkinson C, Enkin MW. Manual removal of pla-
centa at caesarean section. Cochrane Database Syst 
Rev 2007;3:CD000130.

 18. Wahab MA, Karantzis P, Eccersley PS et al. A ran-
domised, controlled study of uterine exteriorisation 
and repair at caesarean section. Br J Obstet Gynaecol 
1999;106(9):913–6.

 19. Edi-Osagie ECO, Hopkins RE, Ogbo et al. Uterine 
exteriorisation at caesarean section: Influence on 
maternal morbidity. BJOG 1998;105:1070–8.

 20. Csúcs L, Kött I, Solt I. Mono-layer sutures of uterine 
incision in cesarean delivery based on clinical expe-
rience and animal experiments. Zentralbl Gynakol 
1972;94(34):1121–6.

 21. Ghahiry A, Rezaei F, Karimi Khouzani R et  al. 
Comparative analysis of long-term outcomes of 
Misgav Ladach technique cesarean delivery and tra-
ditional cesarean delivery. J Obstet Gynaecol Res 2012; 
38(10):1235–9.

 22. Hudic I, Bujold E, Fatusic Z et al. Risk of uterine rup-
ture following locked vs unlocked single-layer clo-
sure. Med Arh 2012;66(6):412–4.

 23. Enkin MW, Wilkinson C. Single versus two 
layer suturing for closing the uterine incision at 
Caesarean section. Cochrane Database Syst Rev 
2007;3:CD000192.

 24. Stark M. Optimised meta-analysis should be based 
on standardised methods. BJOG 2011;118(6):765–6; 
author reply 766.

 25. Ellis H. Internal overhealing: The problem of intra-
peritoneal adhesions. World J Surg 1980; 4(3):303–6.

 26. Stark M. Clinical evidence that suturing the perito-
neum after laparotomy is unnecessary for healing. 
World J Surg 1993;17(3):419.

 27. Shi Z, Ma L, Yang Y et al. Adhesion formation after 
previous caesarean section—A meta-analysis and 
systematic review. BJOG 2011;118(4):410–22.

 28. Nabhan AF. Long-term outcomes of two differ-
ent surgical techniques for cesarean. Int J Gynaecol 
Obstet 2008;100(1):69–75.

 29. Kang GW, Jang MH, Hwang EA et  al. Comparison 
of peritoneal dialysis and hemodialysis after kidney 
transplant failure. Transplant Proc 2013; 45(8):2946–8.

 30. Aabakke AJ, Krebs L, Pipper CB et al. Subcuticular 
suture compared with staples for skin closure after 
cesarean delivery: A randomized controlled trial. 
Obstet Gynecol 2013;122(4):878–84.

 



References 171

 31. Feese CA, Johnson S, Jones E et  al. A randomized 
trial comparing metallic and absorbable staples for 
closure of a Pfannenstiel incision for cesarean deliv-
ery. Am J Obstet Gynecol 2013;209(6):556.e1–556.e5.

 32. Loubert C, Fernando R. Cesarean delivery in the 
obese parturient: Anesthetic considerations. Womens 
Health (Lond Engl) 2011;7(2):163–79.

 33. Stark M, Chavkin Y, Kupfersztain C et al. Evaluation 
of combinations of procedures in cesarean delivery. 
Int J Gynaecol Obstet 1995;48(3):273–6.

 34. Mulayim B, Celik NY, Kaya S et al. Early oral hydra-
tion after cesarean delivery performed under regional 
anesthesia. Int J Gynaecol Obstet 2008;101(3):273–6.

 35. Guedj P, Eldor J, Stark M. Immediate postoperative 
oral hydration after caesarean section. Asia Oceania 
J Obstet Gynaecol 1991;17(2):125–9.

 36. Stark M. Technique of caesarean section: Misgav 
Ladach method. In: Popkin DR, Peddle IJ, eds. 
Women’s Health Today. Perspectives on Current 
Research and Clinical Practice. Proceedings of the 
XIV World Congress of Gynecology and Obstetrics, 
Montreal. New York, NY: Parthenon; 1994:81–85.

 37. Darj E, Nordström ML. The Misgav Ladach method 
for cesarean delivery compared to the Pfannenstiel 
method. Acta Obstet Gynecol Scand 1999;78(1): 
37–41.

 38. Fournié A, Madzou S, Sentilhes L et al. Two obser-
vations of evisceration after caesarean section per-
formed according the so-called Stark procedure. 
Gynecol Obstet Fertil 2008;36(12):1211–3.

 39. Moreira P, Moreau JC, Faye ME et  al. Comparison 
of two cesarean techniques: Classic versus Misgav 
Ladach cesarean. J Gynecol Obstet Biol Reprod (Paris) 
2002;31(6):572–6.

 40. Fatušić Z, Hudić I, Sinanović O et al. Short-term post-
natal quality of life in women with previous Misgav 
Ladach caesarean section compared to Pfannenstiel-
Dorffler caesarean section method. J Matern Fetal 
Neonatal Med 2011;24(9):1138–42.

 41. Naki MM, Api O, Celik H et al. Comparative study 
of Misgav-Ladach and Pfannenstiel-Kerr cesarean 

techniques: A randomized controlled trial. J Matern 
Fetal Neonatal Med 2011;24(2):239–44.

 42. Belci D, Kos M, Zoricić D et al. Comparative study 
of the “Misgav Ladach” and traditional Pfannenstiel 
surgical techniques for cesarean delivery. Minerva 
Ginecol 2007;59(3):231–40.

 43. Hofmeyr JG, Novikova N, Mathai M et  al. 
Techniques for cesarean delivery. Am J Obstet 
Gynecol 2009;201(5):431–44.

 44. Stark M, Gerli S, Di Renzo GC. The importance 
of analyzing and standardizing surgical methods. 
J Minim Invasive Gynecol 2009;16(2):122–5.

 45. Stark L. Auswertung von 1000 Anstaltsgeburten. 
Monatsschrift für Geburtshilfe und Gynäkologie 
1931:LXXXIX. Heft 3.

 46. Osterman MJ, Martin JA. Changes in cesarean deliv-
ery rates by gestational age: United States, 1996–2011. 
NCHS Data Brief 2013;124:1–8.

 47. Schindl M, Birner P, Reingrabner M et  al. Elective 
cesarean delivery vs. spontaneous delivery: A com-
parative study of birth experience. Acta Obstet 
Gynecol Scand 2003;82(9):834–40.

 48. Fathalla MF. How evolution of the human brain 
shaped women’s sexual and reproductive health. 
Reproductive Biology Insights2013;6:11–18.

 49. Marton IS. Foetal adrenal steroids—Initiation 
of human parturition. Acta Physiol Hung 1988; 
71(4):557–9.

 50. Odent M. Wie steht es um die Zukunft einer durch 
Kaiserschnitt entbundenen Zivilisation. In: Stark M, 
ed. Der Kaiserschnitt S. Munich, Germany: Elsevier; 
2009:396–411.

 51. Wurm H. History of the determination body height 
from skeletal findings (body height determination 
for men). The proposed methods of body height 
determination from skeletal findings since the mid-
dle of the 20th century. Gegenbaurs Morphol Jahrb 
1985;131(3):383–432.

 52. Cochran G, Harpending H. The 10,000 year explo-
sion. How civilization accelerated human evolution. 
New York, NY: Basic Books, 2009.

 



 

http://www.taylorandfrancis.com
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-8&iName=master.img-017.jpg&w=351&h=112


173

8Fibroids and myomectomy in cesarean 
delivery
ANDREA TINELLI and ANTONIO MALVASI

INTRODUCTION
Uterine fibroids or myomas are the most common pelvic 
tumors in women. The occurrence of these tumors in the 
reproductive age group is 25%–40% [1].

Uterine myomas are observed more frequently in preg-
nancy with an estimated incidence of 2%–4%, because 
many women are delaying childbearing to their late thir-
ties or early forties, the time of greatest risk for myoma 
growth [2]. Uterine myomas are commonly encountered 
in women older than 30 years [1,2], and their growth 
is related to exposure to circulating estrogens levels. 
The  prevalence of leiomyomas among pregnant women 
ranges from 0.1% to 3.9% [3–7]. The effective rate of uter-
ine myomas in pregnancy is unknown; however, they are 
associated with numerous pregnancy-related maternal 
and fetal complications, including spontaneous abortion, 
preterm labor, placental abruption, postpartum hemor-
rhage, and high rate of cesarean deliveries [8].

Complications in pregnancy, labor, and delivery occur 
almost twice as frequently among women diagnosed with 
uterine myomas than in those without [3–6]. Literature 
suggest high rate of cesarean delivery in women with 
 myomas up to 58.3% [9].

In fact, in a population-based series of women who 
delivered singleton, live infants in Washington, Coronado 
et al. [9] observed from 1987 to 1993 an independent asso-
ciation between uterine leiomyomas and abruptio placen-
tae, fetal malpresentation, dysfunctional labor, and breech 
presentation. The authors found an increased risk of 58% 
for cesarean delivery (CD) among 2065 women with uter-
ine myomas, compared to 17% in 4243 women without 
myomas (odds ratio [OR] 6.39, 95% confidence interval 
[CI] 5.46–7.5). Some of the excess risk may be related to 
biased detection of myomas during CD. Conversely, the 
aforementioned complications of abruption,  dysfunctional 
labor, and breech presentation are usually managed by 
CD, indicating that the increased risk is probably related 
to the leiomyomas.

And, if CD is the worldwide most common obstetric 
operation [10], it is mandatory to consider the possibil-
ity of being faced with the necessity of having to remove, 
necessarily and properly, a myoma during CD or, in 
other cases, to delivery by an iterative CD on a previous 
myomectomy.

CONSEQUENCES OF MYOMAS IN PREGNANCY
The medical literature has reported an increasing rate of 
myomectomies during CD in the past decade, even for 

the use of ultrasonography that has improved diagnostic 
 capability of detecting myomas in pregnancy (Figure 8.1) 
[11]. In view of these, it is mandatory to frequently use 
ultrasonography to detect either fetal well-being or myoma 
growth and dislocation. Myomas can be asymptomatic or 
associated with serious complications, and the overall risk 
of major complications can reach 71% [2,3].

Less common complications of myoma in pregnancy 
are disseminate intravascular coagulation, cervical preg-
nancy, spontaneous hemoperitoneum, uterine inversion, 
and urinary retention in the first trimester. According 
to the literature, fetal complications related to myoma 
in pregnancy included limb reduction anomalies and 
head and body deformities related to fetal compression 
[1,5–7,9].

Operations on the uterus during the CD, except 
for excision of pedunculated myomas, are tradition-
ally discouraged for the aforementioned reasons, as 
uncontrolled and profuse bleeding that may lead to 
severe anemia, puerperal infection, and an unwanted 
hysterectomy.

Uterine fibroids, a part of the risk of spontaneous abor-
tion, preterm labor, placental abruption, and postpar-
tum hemorrhage, have been associated with a 10%–40% 
obstetric complication rate pre-labor, and adverse obstet-
ric  outcomes during and after delivery [4,5,9,12].

The greatest risks of cesarean myomectomy fre-
quently result from lack of knowledge of uterine myoma 
presence during unexpected or scheduled CD, or from a 
wrong knowledge of myoma dislocation. Myomas lead 
to dystocia as tumor previa or, when located in the lower 
uterine segment (LUS), they cause extreme difficulty 
during closure of the hysterotomy while leaving the 
fibroid in situ.

Also, for the above reasons, myomectomy performed 
during pregnancy still remains a risky operation.

Later, with the accumulated experience and lack of major 
complications, coupled with the fact that no evidence-based 
contraindications could be found in the literature, we were 
inspired to develop our own technique and to use it also for 
large fibroids that were located remotely from the LUS.

UTERINE-MODIFIED ANATOMY AND PHYSIOLOGY 
WITH MYOMAS IN PREGNANCY
Pregnancy induces profound anatomical and physiological 
changes to uterus and vascularization, all factors to con-
sider before starting an operation in pregnancy. So, once 
diagnosis of myoma is confirmed by ultrasonography, 
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management of myoma encountered during CD poses a 
therapeutic dilemma: how can myomas be better man-
aged during pregnancy, labor, and delivery? For example, 
consider myomas located near the LUS. In such cases, and 
in order to deliver the baby, the obstetrician is faced with 
the emergency decision of making the incision through 
or near the myoma, removing it, or choosing the classical 
incision to deliver the baby while avoiding cutting through 
or near the myoma.

The surgeon has to make decisions if myomectomy is 
really needed during CD or should be delayed until some 
months have passed from delivery.

During pregnancy, uterine enlargement involves 
marked hypertrophy of the muscle cells and a progres-
sive increase in the uteroplacental blood flow ranging 
from approximately 450 to 650 mL/min near term [12,13]. 
This increased blood flow is mediated primarily by means 
of vasodilatation. The uterine artery diameter doubles 
by 20 weeks’ gestation, and concomitant mean Doppler 
 velocimetry is increased eightfold [14]. Thus, any surgi-
cal procedure performed on or around the uterus has 

the potential of causing severe hemorrhage, and for this 
reason, uterine myomectomy during CD has consistently 
been discouraged, in the past years, as a risky procedure.

In cases of a small pedunculated subserous fibroid 
attached to the uterus with a small pedicle (Figure  8.2), 
myomectomy is relatively easy, with forcipressure (Figure 
8.2a), cut (Figure 8.2b), and suturing of the myoma pedicle 
(Figure 8.2c).

On the contrary, resection of an intramural myoma 
is inadvisable and contraindicated during CD by some 
obstetric textbooks [15,16], for the risk of profuse uncon-
trolled bleeding that could lead to hysterectomy. Authors 
remark that myomas often undergo a  remarkable invo-
lution after delivery, and they may even become pedun-
culated, making myomectomy (if necessary) easier and 
safer as a postpartum intervention than at the time of 
CD  [16,17]. Furthermore, because of bizarre nuclear 
changes at pathologists’ examination, myomas enucleated 
during pregnancy or delivery can often be confused with 
 leiomyosarcoma, thus leading to unnecessary anxiety 
and fear.

(a) (b)

(d) (c)

Figure 8.1 Ultrasonographic scan of myomas during pregnancy: (a) a pedunculated myoma of 10 cm in a pregnant woman 
at 6 weeks of pregnancy, with the echo Doppler enhancing peripheral myoma vascularization; (b) a posterior subserous corporal 
myoma of 3 cm of diameter at 5 weeks of pregnancy; (c) an anterior fundal intracorporeal myoma in patient at 5 weeks of pregnancy; 
and (d) a myoma previo at 22 weeks of pregnancy.
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(a)

(b)

Figure 8.2 The figures represent a cesarean myomectomy in a pregnant woman 38 weeks after hysterorraphy. The myoma is 
fundal and pedunculated: (a) forcipressure of myoma pedicle; (b) cut of myoma pedicle. (Continued)
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In the scientific literature data and recent, larger stud-
ies indicate myomectomy during CD or even during 
pregnancy is probably a safer procedure than previously 
believed.

LITERATURE ON CESAREAN MYOMECTOMY
In 1989, Burton et al. [6] were probably the first to report 
the procedure of a myomectomy during pregnancy and 
CD. They reviewed an 8-year experience with surgi-
cal management of leiomyomata during pregnancy at 
the Los Angeles County Women’s Hospital, California. 
Five women underwent exploratory laparotomy only, six 
had a myomectomy during pregnancy, and three had a 
 hysterectomy; one patient aborted after surgery. Thirteen 
other women had incidental myomectomies at cesarean 
 delivery; one of these had an intraoperative hemorrhage. 
No other complications occurred.

During 1997–2001, Ben Rafael et al. [18] prospectively 
evaluated the surgical outcome of a planned myomec-
tomy during CD in cases where the fibroids were known 
to be large enough to require surgery at a later stage, or 
when the fibroid led to malpresentation. Investigated 
parameters at the outcome were type of anesthesia, type 
of incision,  intraoperative blood loss, need for blood 

transfusion, intra- or postoperative complications, and 
length of hospital stay. Thirty-nine myomas were removed 
from 32 patients in 15 elective and 17 emergency proce-
dures. Indications for CD were obstetrical (breech pre-
sentation, more than one previous CD, among others) 
in most cases. Indications in the other women included 
three cases of myomas causing dystocia as tumor previa, 
one suffering from a degenerative myoma and intractable 
pain, and two who had undergone previous myomecto-
mies with uterine cavity penetration. Ninety percent of 
the myomas were subserous or  intramural, and 10% were 
submucous. The  average size (largest dimension) was 
6 cm (1.5–20), with 26 myomas measuring >3 cm, and 11 
>6 cm. Four CDs (12.5%) were classical, and the rest were 
low segmental. Most of the  operations were performed 
under regional anesthesia (spinal block). The differences 
in hemoglobin and hematocrit levels before and 12 hours 
after the operation were significantly lower in patients who 
underwent cesarean myomectomies, compared to women 
who  underwent CD  without a myomectomy (p < 0.05), 
yet only four patients required a blood transfusion. Two 
patients underwent repeated surgery: one with two large 
myomas and excessive bleeding, and the other because of a 
subcutaneous hematoma. No hysterectomy was required. 

(c)

Figure 8.2 (Continued) The figures represent a cesarean myomectomy in a pregnant woman 38 weeks after hysterorraphy. 
The myoma is fundal and pedunculated: (c) suturing of myoma base.
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Six patients had postpartum fever (18.7%). The average 
duration of hospitalization was 5.7 days, with five patients 
requiring more than 6 days of hospitalization. There was 
no correlation between complications or duration of 
 hospital stay and patient age, gravidity, parity, or indica-
tion for CD [18].

Michalas et  al. [19] performed a myomectomy on a 
31-year-old primigravida during the 15th week of preg-
nancy due to a large, 23 cm diameter myoma. At the 39th 
week of pregnancy, during the CD, eight fibroids obstruct-
ing the lower part of the uterus were removed. There were 
no maternal or fetal complications.

Celik et  al. [20], in his study conclusions, reported 
that myomectomy could also be safe if performed during 
pregnancy. Five pregnant women with myomas requiring 
surgical removal because of severe pain underwent a myo-
mectomy at a median gestational age of 17.8 ± 3.4 weeks. 
The mean size of the myomas was 14 ± 3.8 cm. No major 
surgical and postoperative complications were observed, 
and all pregnancies continued to term.

Reporting surgical experiences of the last century, other 
authors reported their experience with cesarean myomec-
tomies, as did Hsieh et al. [21] who retrospectively reviewed 
47 incidental cesarean myomectomies. The   procedure 
added only 11 minutes to the operating time, 112 mL to 
the operative blood loss, and extended the hospital stay by 
about 1.5 days. There was no wound  infection or serious 
morbidity.

Dimitrov et  al. [22] conducted a prospective study 
in Bulgaria to evaluate a myomectomy during CD as “a 
 routine method.” Their study group included 21 cases that 
underwent myomectomies during CD, and were com-
pared to a control group of 162 consecutive CDs with-
out having undergone myomectomies. They found that a 
myomectomy during CD increased hemorrhage by 10%. 
Analysis of the cases with severe hemorrhage showed 
that they were related to other placental disorders (abrup-
tio placentae and placenta previa) as the main cause of 
the increased blood loss. There were no postoperative 
complications.

Omar et  al. [23] reported two cases with large, uter-
ine myomas, situated in the anterior aspect of the lower 
 segment, complicating pregnancy at term. A myomectomy 
in both instances facilitated delivery of the fetus through 
the lower segment, making vaginal delivery in subsequent 
pregnancies possible.

Brown et al. [24] from Jamaica retrospectively analyzed 
the records of 32 women: 16 underwent cesarean myo-
mectomy and were compared to 16 cases of CD chosen as 
the first normal CD occurring after each cesarean myo-
mectomy. The myomectomy was always performed after 
delivery of the fetus and after administration of oxytocin. 
Diluted oxytocin was also injected into the capsule over-
lying the myoma to help achieve hemostasis. The results 
indicated that the patients who underwent a cesarean 
myomectomy were significantly older (p < 0.0001), but 
there was no statistical difference in parity between the 
two groups. The median number of myomas found was 

two (range: 1–6). The mean blood loss was similar between 
the two groups: 403 ± 196 mL in the myomectomy group 
versus 356 ± 173 mL in the regular CD. No significant 
difference between the groups was observed in relation 
to hemoglobin levels, need for blood transfusion, febrile 
morbidity, or hospital stay.

Ehigiegba et  al. [25] prospectively assessed the intra- 
and postoperative complications of cesarean myomecto-
mies in 25 pregnancies. Patients with known fibroids were 
required to provide their consent for a possible cesarean 
myomectomy. Leiomyomas in the anterior uterine wall 
(cervical, body, or fundal) were removed through the CD 
incision when possible, otherwise other incision(s) were 
performed. Nineteen patients (76%) underwent emer-
gency CD after trial of labor, and six (24%) had elective 
CD. A total of 84 fibroids were removed. In most women 
there were only one to two leiomyomas, but in one patient 
22 myomas were extracted; 57% of the myomas were 
 intramural, 35.7% subserous of which only 1% was pedun-
culated. Anemia was apparent in 60% of patients, but only 
five patients (20%) required blood transfusion. No case 
necessitated hysterectomy. Three patients (12%) had sub-
sequent pregnancies, two of whom had normal vaginal 
deliveries and one underwent a repeat CD.

The largest report by Roman and Tabsh [26] compared 
the results of cesarean myomectomies to “no touch” CD. 
They retrospectively evaluated 111 women who under-
went a cesarean myomectomy and 257 women with 
 documented fibroids who underwent CD alone. The two 
groups were similar with respect to median age, median 
parity, median gestational age, and median size of the 
fibroids. Most patients in both groups underwent low 
transverse incision CD. In 86% of the patients the fibroids 
were incidental findings, while in the rest symptoms such 
as pain, dystocia, and unusual appearance of the myoma 
dictated its removal. The incidence of hemorrhage in the 
study group was 12.6%, compared with 12.8% in the con-
trol group (p = 0.95). There was also no statistically sig-
nificant increase in the incidence of postpartum fever, 
operating time, and length of postpartum stay. The size 
of fibroid did not appear to affect the incidence of hemor-
rhage. After stratifying the procedures by type of fibroid 
removed, intramural myomectomy was found to be 
 associated with a 21.2% incidence of hemorrhage, com-
pared with 12.8% in the control group, but this difference 
was not statistically significant (p = 0.08). No patient in 
either group required hysterectomy or embolization fol-
lowing the operation. A  similar study by Kaymak et  al. 
[27] on 40 patients undergoing a cesarean myomectomy 
compared to 80 patients with untouched myomas during 
CD also showed that performing a myomectomy during 
CD does not increase the surgical and postoperative com-
plication rate [26].

Although all these above-mentioned studies and reports 
indicate a good outcome after a cesarean myomectomy, or 
even after performing a myomectomy during pregnancy, 
one should remember that hemorrhage can still occur and 
lead to grave consequences.
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Exacoustos et al. [4] reported nine myomectomies per-
formed during cesarean delivery. Of these, three were com-
plicated by severe hemorrhage, necessitating hysterectomy. 
The authors emphasized the role of various ultrasound 
findings in identifying women at risk for myoma-related 
complications: the size of the myoma, its position, location, 
relationship to the placenta, and echogenic structure.

Several studies have described techniques that can 
 minimize blood loss at cesarean myomectomy, including 
uterine tourniquet [28], bilateral uterine artery ligation 
[29], and electrocautery [30].

However, the majority of the mentioned literature 
 indicates that a myomectomy performed at the time of CD 
should not increase the risk of hemorrhage and postopera-
tive fever or should not prolong hospital stay. In fact, cesar-
ean myomectomy was stated as a feasible and safe procedure 
when performed by an experienced surgeon [24–27].

Pedunculated subserous myomas can be safely removed 
even if of large size (Figure 8.3). Subserous and intramu-
ral myomas that are located at the LUS can and probably 
should be removed and not bypassed by performing a 
 classical incision (Figures 8.4 and 8.5).

Performing an elective myomectomy from other uterine 
locations should be considered with caution, because most of 
these myomas will nevertheless involute to an insignificant 
size during puerperium. Meticulous attention to hemostasis, enucleation using sharp dissection with Metzenbaum scis-

sors, and adequate approximation of the myometrium and 
all dead spaces to prevent  hematoma formation can increase 
the safety of the procedure. Despite the lack of prospective 
and randomized studies, the retrospective investigations 
clearly show that the old dictum that discouraged cesarean 
myomectomy should be reassessed. Women with known 
myomas undergoing elective or emergency CD should be 
properly informed in order to obtain their consent for the 
option of performing a cesarean myomectomy.

TRADITIONAL TECHNIQUE OF CESAREAN 
MYOMECTOMY
The operation should be performed, at least at the outset, 
by a gynecologist who is proficient in myomectomies on 
nongravid uteri [31]. After newborn delivery, the hyster-
otomy is chosen to allow the maximal myoma exposure 
for its removal and the minimal myometrial damage 
for  hysterorrhaphy. Myomectomies could be performed 
through a transversal or vertical incision, depending on 
attitude and preferences of the surgeon.

In case of myomas located near hysterotomy, an inter-
locked suture is temporarily placed on the edge of the 
cesarean uterine incision without closure. In such cases, 
myomectomies are preferably performed from the edge of 
the CD incision (for myomas located near the lower  uterine 
segment). This also facilitates working from within the 
uterine cavity or from the outer part of the uterus without 
significant bleeding from the cesarean incision. In case of 
fibroids located far from the CD incision, myomectomies 
are preferably performed by making new incisions above 
the myomas, in instances where they are located in a site 
remote from the CD incision.

Figure 8.4  Incision of the uterine wall overlying the 
myoma, in the upper portion of the lower uterine segment.

Pedunculated
giant
myoma

Pregnant
uterus

Figure 8.3  Myomectomy during cesarean delivery in a 
pregnant woman of 37 weeks with preterm rupture of mem-
branes and preterm labor, with a left cornual pedunculated 
myoma of 16 cm diameter.
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Surgeons always perform the myoma dissection from 
myometrium using a sharp Metzenbaum scissor. Intra-
venous oxytocin drip is generally given after enucleation 
of the fibroid (some surgeons prefer also during myomec-
tomy). No tourniquet is used by many surgeons as routine; 
however, this may be used to control unexpected bleeding. 
Suturing of the fibroid base is traditionally performed by 
using two layers of interrupted sutures, and a baseball-
type suture is used for the serosa as a third layer [31,32].

One important issue with myomectomy is controlling 
blood loss from the raw myoma beds after they have been 
excised. Blood loss is generally estimated from suction 
aspiration, and from weighing mops, swabs, and drapes 
used during surgery. Several techniques to reduce blood 
loss have been studied and reported. A randomized trial 
comparing vasopressin and saline injected into the serosa 
prior to the uterine incision showed that vasopressin is 
extremely effective for decreasing blood loss. In this study, 
50% of patients receiving saline required transfusion, while 
none of those in the vasopressin group required transfu-
sion (13% versus 5% decrease in hematocrit values) [33].

To reduce bleeding after cesarean myomectomy, some 
surgeons sometimes place tourniquets around the uterus. 

This is usually performed, especially in the case of placenta 
accreta [34,35], by making a window in the broad ligament 
at the level of the internal cervical os bilaterally and pass-
ing a Foley catheter or red rubber catheter through the 
windows and around the cervix and then tightening it 
with a clamp to constrict the uterine vessels. In combina-
tion with this, vascular clamps are generally placed on the 
utero-ovarian ligaments [36].

Two randomized trials compared vasopressin and 
 tourniquet use after myomectomy.

In 1996, Fletcher et  al. showed that vasopressin was 
associated with less blood loss and lower risk of either 
transfusion or blood loss of more than 1 L [37].

In 1993, Ginsberg et  al. [38] noted no statistically 
 significant difference between the groups, although their 
study was much smaller. Study results very clearly sug-
gest that vasopressin (usually 20 U in 50–100 mL normal 
saline) should be injected routinely prior to making the 
incision in the wall of the uterus. Whether additional 
use of a tourniquet further decreases blood loss remains 
unclear. After dilute vasopressin has been injected, an inci-
sion is made through the wall of the uterus into the myoma. 
Once the plane between the myometrium and myoma has 

Figure 8.5 Cautious dissection, by Metzenbaum scissors, of myometrial fibers overlying the myoma.
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been defined, it is dissected bluntly and sharply until the 
entire fibroid is removed. As many fibroids as possible are 
removed through a single incision. Once the fibroids have 
been removed, the defect is closed in layers with delayed 
absorbable suture [38].

Proper placement of the incision side is frequently over-
looked but is important.

Tulandi et al. [39] studied 26 women with uteri larger 
than 6–8 weeks’ size in 1993. Abdominal myomectomies 
were performed, followed by a second-look laparoscopy 
6 weeks later. Patients with incisions in the posterior wall 
of the uterus had a much higher likelihood of significant 
adhesions as measured by percentage with adhesions or 
American Fertility Society (AFS) adhesion score  compared 
with patients with incisions in the fundus or anterior wall 
of the uterus [39].

INTRACAPSULAR CESAREAN MYOMECTOMY
Myoma pseudocapsule is a neurovascular bundle or fibro-
vascular network attached the fibroids, which separates the 
fibroids from the normal myometrium. At ultrasonographic 
exam, myoma pseudocapsule appears as a white ring around 
the fibroid, and at echo Doppler check, it appears as a “ring 
of fire” (Figure 8.6), even in pregnancy (Figure 8.7).

It has been shown that the pseudocapsule not only 
has similar architecture to the normal myometrium, 
but also contains different neurofibers and neuropep-
tides. Consequently, a pseudocapsule damage during 
 myomectomy surely negatively impacts successive on 
myometrial healing, although a variety of factors may 

affect the postoperative healing. Therefore, the exci-
sion of a fibroid in daily clinical practice should be done 
inside the pseudocapsule separating this vascular network 
(Figure 8.8) [40,41].

After the development of well-detailed technique, 
the intracapsular myomectomy, successfully performed 
 during laparoscopy in nonpregnant women with single 
or multiple fibroids [42,43], authors decided to study their 
methods of myomas removal during CD, exploring its 
outcomes.

During the years 2005–2011, my international research 
group and I [44] prospectively evaluated the surgical out-
come of intracapsular myomectomy during CD, in uni-
versity-affiliated hospitals, by a prospective case- control 
study on 68 patients who underwent intracapsular cesar-
ean myomectomy, compared with a control group of 72 
patients with myomatous pregnant uterus who underwent 
cesarean delivery without myomectomy.

All operations were performed by gynecologists profi-
cient in intracapsular myomectomies on nongravid uteri, 
and by CD by Stark’s method, under regional anesthesia.

A routine intracapsular cesarean myomectomy was then 
done for all anterior fibroids—cervical, body, or fundal— 
using the same cesarean incision where possible, or utiliz-
ing other incisions, when necessary.

Each intracapsular cesarean myomectomy was per-
formed after LUS closuring. A linear incision was made 
over the uterine serosa direct to the myoma by a scalpel or a 
monopolar electro-scalpel at low wattage (≤30 watt), grad-
ually until the opening of the pseudocapsule (Figure 8.9), 

Figure 8.6 Ultrasonographic scan of myomas, by echo Doppler shows the pseudocapsule surrounding myoma, appearing as a 
“ring of fire.”
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enabling the relatively bloodless plane between the pseu-
docapsule and its myoma to be entered (Figure 8.10). Once 
the surface of the myoma was reached and its fiber bridges 
freed, the myoma was hooked (Figure 8.11) and extracted 
from its capsule (Figure 8.12), also by traction and push-
ing down the capsule using sharp Metzenbaum scissors. 
The  hemostasis during intracapsular cesarean myomec-
tomy was always reached by gentle low wattage coagula-
tion (≤30 watt) of pseudocapsule vessels, with minimal 
blood loss. Then, 10 units of intravenous  oxytocin drip 
was given as standard to all patients to control bleeding, 
after enucleating the fibroid.

For myomas located near LUS, we temporarily changed 
the operational steps: after completion of the CD, an 
interlocked suture is temporarily placed on the edge of 
the cesarean uterine incision without closure. Then we 
 performed intracapsular cesarean myomectomies from 
the edge of the cesarean incision. This also facilitates 
working from within the uterine cavity or from the outer 
part of the uterus without significant bleeding from the 
CD incision. After that, in case of other myomas far from 
LUS, surgeons make a new incision above the myoma in 
instances where they were located in a site remote from 
the CD incision.

Figure 8.8 A myoma removal by intracapsular cesarean 
myomectomy; the image highlights the gentle dissection of 
pseudocapsule surrounding myoma during its enucleating. (The 
arrows indicate the myoma pseudocapsule.) (From Tinelli A et al. 
J Matern Fetal Neonatal Med 2014;27(1):66–71. With permission.)

Figure 8.7 Ultrasonographic scan of myomas in pregnancy shows myoma pseudocapsule as a “ring of fire,” by echo Doppler scan.
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Suturing of the fibroid base was routinely performed 
by using two layers of interrupted absorbable sutures (1-0 
caliber Vicryl) and a baseball-type suture was used for 
the serosa, using a continuous absorbable suture (2-0 or 
3-0 caliber Vicryl), as a third layer (Figures 8.13 through 
8.16). Pelvic irrigation was done with saline solution. 
Postoperatively, oxytocin infusion was continued for 
12–24 hours in parallel with normal saline infusion.

Seventy-two control subjects were randomly selected 
among pregnant women with myomas undergoing CD 
without myomectomy, at the same institutions and  during 
the same period, and CD indications were breech presen-
tation, more than one previous CD, and CD on demand. 
These women did not receive cesarean  myomectomy 
because they refused this operation, and both myomec-
tomy and control groups were similar in terms of charac-
teristics without statistical differences.

Removed myomas were generally subserous or intramu-
ral: 48 subserous, 14 intramural, and six pedunculated. Of 
these, 12 had multiple sites myomas (17.6%), but we tried 
to use the same hysterotomy for neighboring fibroids.

Sites of myoma removal were fundal in 37 women 
(54.4%), corporal in 22 (32.3%), and peri-low uterine 
segment in nine women (18.7%), where we temporarily 

changed the steps of the operation in five women. The aver-
age myoma size was 8 cm (1.5–20), in 40 women, with 
eight myomas measuring 4–6 cm, 14 myomas between 10 
and 12 cm, and >13 cm in six patients.

The difference in blood chemical and surgical outcome 
in intracapsular cesarean myomectomy was nonstatisti-
cally significant (p > 0.05) (Table 8.1).

During the postoperative course, five patients had post-
partum fever of 38.8°C, on average, for two consecutive 
days after surgery (7.3%); the blood culture did not show 
any bacteria, and patients were treated by broad-spectrum 
antibiotics. The average duration of hospitalization of 
intracapsular cesarean myomectomies was 5 days, with 
six patients requiring more than 5 days of hospitalization 
(8.8%); these five patients felt too weak to be discharged, so 
they preferred to stay in the hospital an extra day.

There was no correlation between complications or 
duration of hospital stay and patient age, gravidity, parity, 
or indication for CD.

None of the patients underwent repeated surgery after 
intracapsular cesarean myomectomy and no hysterectomy 
was required after intracapsular cesarean myomectomy.

Authors’ data show no difference between the intracap-
sular cesarean myomectomy group and the control group, 

Figure 8.9 A linear incision is made over the uterine serosa direct to the myoma by a scalpel or a monopolar electro-scalpel at 
low wattage, gradually until opening the myoma pseudocapsule.
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in terms of pre- and postoperative hemoglobin values, 
mean change in hemoglobin values, incidence of intraop-
erative hemorrhage, frequency of blood transfusion, and 
of postoperative fever. The only two parameters that affect 
negatively the group submitted to intracapsular cesarean 
myomectomy are the duration of the operation and the 
length of hospital stay.

Because obstetricians are often confronted with fibroids 
while performing CD and face the dilemma of how they 
should be managed, considering the cost–benefit of our 
study, the authors affirm that the intracapsular cesarean 
myomectomy procedure can be performed with some 
confidence, without affecting adversely the postoperative 
course and clinical outcomes.

CONCLUSION
In conclusion, performing additional surgical procedures 
on the uterus, such as cesarean myomectomy, was relatively 
considered contraindicated for many years. Nevertheless, 
this dictum was not based on evidence, but rather on 
 conjectural experience, which discouraged cesarean myo-
mectomies with the exception of small pedunculated 
fibroids. Some medical literature, however, indicates that 
cesarean myomectomies are probably safe if performed 

for justified indications, by experienced surgeons, and by 
using meticulous tissue-handling techniques in order to 
avoid serious or life-threatening complications. There is 
the benefit of one surgery rather than two operations, as 
only one scar is produced. These situations are a challenge 
to the obstetrician and carry a legal dilemma because the 
patients need to be adequately informed, prior to surgery, 
in regard to size and location of the myoma during CD, 
and the possible complications to which a concomitant 
enucleation may lead. To be successful any operation 
always needs adequate patient preparation, careful surgi-
cal planning, and correct intra- and postoperative man-
agement of complications.
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Figure 8.10 The electro-scalpel proceeds in cutting, helped by myoma contra traction, enabling entrance to the relatively 
bloodless plane between the pseudocapsule and its myoma.
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Figure 8.12 Clamping of the vessels supplying blood to the myoma, while running a cautious but firm traction on the myoma.

Figure 8.11 Traction on the myoma with Collins forceps, while the operator cuts the pseudocapsule bridges anchoring the 
uterine myoma to the myometrium.
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Figure 8.13  Deep hysterorrhaphy where the myoma was enucleated (the myoma bed): needle insertion into the deep myome-
trial layer.

Figure 8.14 Technique of longitudinal hysterorrhaphy: closure of the uterine serosa overlying the myoma bed.
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Figure 8.16 Synthesis of uterine serosa: safety knotting of the wire tips, in the center of the longitudinal uterine incision.

Figure 8.15  Synthesis of uterine serosa: needle piling, by separate stitches, into the suture midline.

 

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-9&iName=master.img-016.jpg&w=257&h=307
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-9&iName=master.img-017.jpg&w=230&h=307


References 187

REFERENCES
 1. Novak ER, Woodruff JD. Myoma and Other Benign 

Tumours of the Uterus, Novaks’ Gynecologic and 
Obstetric Pathology with Clinical and Endocrine 
Relations. Philadelphia, PA: W.B. Saunders; 1979: 
795–801.

 2. Ouyang DW. Obstetric complications of fibroids. 
Obstet Gynecol Clin North Am 2006;33:153–69.

 3. Rice JP, Kay HH, Mahony BS. The clinical signifi-
cance of uterine leiomyomas in pregnancy. Am J 
Obstet Gynecol 1989;160:1212–6.

 4. Exacoustos C, Rosati P. Ultrasound diagnosis of 
uterine myomas and complications in pregnancy. 
Obstet Gynecol 1993;82:97–101.

 5. Katz VL, Dotters DJ, Droegemueller W. Compli-
cations of uterine leiomyomas in pregnancy. Obstet 
Gynecol 1989;73:593–6.

 6. Burton CA, Grimes DA, March CM. Surgical man-
agement of leiomyomata during pregnancy. Obstet 
Gynecol 1989;74:707–9.

 7. Hasan F, Arumugam K, Sivanesaratnam V. Uterine 
leiomyomata in pregnancy. Int J Gynaecol Obstet 
1991;34:45–48.

 8. Vergani P, Locatelli A, Ghidini A, Andreani M, Sala 
F, Pezzullo JC. Large uterine leiomyomata and risk of 
cesarean delivery. Obstet Gynecol 2007;109:410–4.

 9. Coronado GD, Marshall LM, Schwartz SM. 
Complications in pregnancy, labor, and delivery 
with uterine leiomyomas: A population-based study. 
Obstet Gynecol 2000;95:764–9.

 10. Zizza A, Tinelli A, Malvasi A, Barbone E, Stark M, 
De Donno A, Guido M. Caesarean section in the 
world: A new ecological approach. J Prev Med Hyg 
2011;52(4):161–73.

 11. Pei-Chun M, Yin-Chen J, I-De W, Chien-Han C, 
Wei-Min L, Cherng-Jye J. A huge leiomyoma sub-
jected to a myomectomy during a cesarean delivery. 
Taiwan J Obstet Gynecol 2010;49(2):220–2.

 12. Edman CD, Toofanian A, MacDonald PC, Gant 
NF. Placental clearance rate of maternal plasma 

androstenedione through placental estradiol forma-
tion: An indirect method of assessing uteroplacental 
blood flow. Am J Obstet Gynecol 1981;141:1029–37.

 13. Kauppila A, Koskinen M, Puolakka J, Tuimala R, 
Kuikka J. Decreased intervillous and unchanged 
myometrial blood flow in supine recumbency. Obstet 
Gynecol 1980;55:203–5.

 14. Palmer SK, Zamudio S, Coffin C, Parker S, Stamm 
E, Moore LG. Quantitative estimation of human 
uterine artery blood flow and pelvic blood flow 
redistribution in pregnancy. Obstet Gynecol 1992;80: 
1000–6.

 15. Cunningham FG, Leveno KL, Bloom SL, Hauth JC, 
Gilstrap LC III, Wenstrom KD, eds. Abnormalities 
of the reproductive tract. In: Williams Obstetrics. 
22nd ed. New York, NY:McGraw-Hill Medical; 2005.

 16. Ludmir J, Stubblefield PG. Surgical procedures in 
pregnancy. In: Gabbe SG, Niebyl JR, Simpson JL, eds. 
Gabbe: Obstetrics: Normal and Problem Pregnancies. 
4th ed. Philadelphia, PA: Churchill Livingstone; 
2002:613.

 17. Haskins RD, Haskins CJ, Gilmore R, Borel MA, 
Mancuso P. Intramural leiomyoma during preg-
nancy becoming pedunculated postpartally. A case 
report. J Reprod Med 2001;46:253–5.

 18. Ben-Rafael Z, Perri T, Krissi H, Dekel A, Dicker D. 
Myomectomy during cesarean delivery-time to recon-
sider. In: Ben-Rafael Z, Diedrich K, Dudenhausen 
J-W, Mettler L, Schnider HPG, Shoham Z, eds. 
Controversies in Obstetrics, Gynecology, and Infertility. 
Berlin: Oren Publisher; 2003:352–6.

 19. Michalas SP, Oreopoulou FV, Papageorgiou JS. 
Myomectomy during pregnancy and caesarean sec-
tion. Hum Reprod 1995;10:1869–70.

 20. Çelik C, Acar A, Çiçek N, Gezginc K, Akyürek C. 
Can myomectomy be performed during pregnancy? 
Gynecol Obstet Inv 2002;53:79–83.

 21. Hsieh TT, Cheng BJ, Liou JD, Chiu TH. Incidental 
myomectomy in cesarean delivery. Changgeng Yi 
Xue Za Zhi 1989;12:13–20.

Table 8.1 Blood tests and outcome differences among intracapsular cesarean myomectomy (ICM) and cesarean deliveries, 
as control group

Cesarean myomectomy 
(CM): 68 patients

Control group (CS): 
72 patients p value

Preoperative hemoglobin values (g/dL) (mean ± S.D.) 12.1 ± 1.5 11.8 ± 1.3 NS
Postoperative hemoglobin values (g/dL) (mean ± S.D.) 10.6 ± 1.8 10.2 ± 1.4 NS
Mean change in hemoglobin values (g/dL) 1.5 ± 0.3 1.6 ± 0.1 NS
Incidence of intraoperative hemorrhage (>1 L of blood) 3 (4.4%) 4 (5.5%) NS
Frequency of blood transfusion 4 (5.8%) 4 (5.5%) NS
Frequency of postoperative fever 5 (7.3%) 3 (4.1%) NS
Duration of operation (minutes) (mean ± S.D.) 50.5 ± 19.2 41.6 ± 8.2 >0.05
Length of hospital stay (days) (mean ± S.D.) 5.0 ± 1.4 4.4 ± 0.7 >0.05

Source: From Tinelli A et al. J Matern Fetal Neonatal Med 2014;27(1):66–71. With permission.
Note: S.D.: standard deviation; NS: nonsignificant.

 



188 Fibroids and myomectomy in cesarean delivery

 22. Dimitrov A, Nikolov A, Stamenov G. Myomectomy 
during cesarean delivery. Akush Ginekol (Sofia) 
1999;38:7–9.

 23. Omar SZ, Sivanesaratnam V, Damodaran P. Large 
lower segment myoma. Myomectomy at lower seg-
ment cesarean delivery. A report of tow cases. 
Singapore Med J 1999;40:109–10.

 24. Brown D, Fletcher HM, Myrie MO, Reid M. 
Caesarean myomectomy—A safe procedure. A ret-
rospective case controlled study. J Obstet Gynaecol 
1999;19(2):139–41.

 25. Ehigiegba AE, Ande AB, Ojobo SI. Myomectomy 
during cesarean delivery. Int J Gynecol Obstet 
2001;75:21–35.

 26. Roman AS, Tabsh KM. Myomectomy at time of 
cesarean delivery: A retrospective cohort study. BMC 
Pregnancy Childbirth 2004;4:14–17.

 27. Kaymak O, Ustunyurt E, Okyay RE, Kalyoncu S, 
Mollamahmutoglu L. Myomectomy during cesarean 
delivery. Int J Gynecol Obstet 2005;89:90–93.

 28. Kwawukume EY. Cesarean myomectomy. Afr J 
Reprod Health 2002;6:38–43.

 29. Sapmaz E, Celik H, Altungul A. Bilateral ascending 
uterine artery ligation vs. tourniquet use for hemo-
stasis in cesarean myomectomy. A comparison. 
J Reprod Med 2003;48:950–4.

 30. Cobellis L, Florio P, Stradella L, Lucia ED, Messalli 
EM, Petraglia F, Cobellis G. Electro-cautery of myo-
mas during caesarean section—Two case reports. 
Eur J Obstet Gynecol Reprod Biol 2002;102:98–99.

 31. Wallach EE. Myomectomy. In: Thompson JD, Rock 
JA, eds. Te Linde’s Operative Gynaecology. New York, 
NY: JB Lippincott; 1992:647–62.

 32. Song D, Zhang W, Chames MC, Guo J. Myomectomy 
during cesarean delivery. Int J Gynaecol Obstet 
2013;121(3):208–13.

 33. Frederick J, Fletcher H, Simeon D et  al. Intra-
myometrial vasopressin as a haemostatic agent 
during myomectomy. Br J Obstet Gynaecol 1994; 
101(5):435–7.

 34. Huijgen QC, Gijsen AF, Hink E, Van Kesteren PJ. 
Cervical tourniquet in case of uncontrollable haem-
orrhage during caesarean section owing to a placenta 
accreta. BMJ Case Rep 2013 April 22;2013.

 35. Ikeda T, Sameshima H, Kawaguchi H, Yamauchi N, 
Ikenoue T. Tourniquet technique prevents profuse 

blood loss in placenta accreta cesarean delivery. 
J Obstet Gynaecol Res 2005;31(1):27–31.

 36. DeLancey JO. A modified technique for hemo-
stasis during myomectomy. Surg Gynecol Obstet 
1992;174(2):153–4.

 37. Fletcher H, Frederick J, Hardie M, Simeon D. A ran-
domized comparison of vasopressin and tourniquet 
as hemostatic agents during myomectomy. Obstet 
Gynecol 1996;87(6):1014–8.

 38. Ginsburg ES, Benson CB, Garfield JM et al. The effect 
of operative technique and uterine size on blood loss 
during myomectomy: A prospective randomized 
study. Fertil Steril 1993;60(6):956–62.

 39. Tulandi T, Murray C, Guralnick M. Adhesion for-
mation and reproductive outcome after myomec-
tomy and second-look laparoscopy. Obstet Gynecol 
1993;82(2):213–5.

 40. Tinelli A, Malvasi A, Hurst BS et al. Surgical man-
agement of neurovascular bundle in uterine fibroid 
pseudocapsule. JSLS 2012;16:119–29.

 41. Malvasi A, Cavallotti C, Morroni M et  al. Uterine 
fibroid pseudocapsule studied by transmission elec-
tron microscopy. Eur J Obstet Gynecol Reprod Biol 
2012;162:187–91.

 42. Tinelli A, Hurst BS, Hudelist G et al. Laparoscopic 
myomectomy focusing on the myoma pseudocap-
sule: Technical and outcome reports. Hum Reprod 
2012;27:427–35.

 43. Tinelli A, Malvasi A, Hudelist G, Cavallotti C, Tsin 
DA, Schollmeyer T, Bojahr B, Mettler L. Laparoscopic 
intracapsular myomectomy: Comparison of single 
versus multiple fibroids removal. An institutional 
experience. J Laparoendosc Adv Surg Tech A 2010; 
20(8):705–11.

 44. Tinelli A, Malvasi A, Mynbaev OA, Barbera A, 
Perrone E, Guido M, Kosmas I, Stark M. The surgi-
cal outcome of intracapsular cesarean myomectomy. 
A match control study. J Matern Fetal Neonatal Med 
2014;27(1):66–71.

FURTHER READING
Shavell VI, Thakur M, Sawant A, Kruger ML, Jones TB, 

Singh M, Puscheck EE, Diamond MP. Adverse 
obstetric outcomes associated with sonographically 
identified large uterine fibroids. Fertil Steril 2012; 
97(1):107–10.

 



189

9Management of placenta previa 
and/or accreta
GRAZIANO CLERICI and LAURA DI FABRIZIO

Abnormal placentation is one of the major causes of 
 maternal and fetal morbidity and mortality [1,2]. This con-
dition is associated with high demands on health resources 
[2], and it can be a cause of life-threatening antepartum 
and/or postpartum hemorrhage [3].

Placental abnormalities can be diagnosed by ultrasound 
and often necessitate cesarean delivery. These abnormali-
ties can be divided into two groups:

• Placental morphological and placental insertion site 
abnormalities

• Abnormalities of the placental parenchyma

Abnormalities of placental morphology are found in 
about 15% of physiological at term pregnancies, and in the 
majority of cases they are the consequence of a defect of 
placental implantation or of a malfunction of the placental 
localization.

The main anatomical and clinical frameworks are

• Placenta previa
• Placenta accreta

PLACENTA PREVIA
Placenta previa is a disorder of implantation, in which the 
placenta is inserted partially or wholly in the lower uterine 
segment. This condition is commonly associated with dif-
ferent degree of accretism in the myometrium.

From a clinical point of view, it can be the cause of a 
sudden and painless bleeding in the third trimester, as 
a result of small detachments. Other complications may 
include premature rupture of membranes and prolapsed 
umbilical cord, placental abruption, acute and chronic 
fetal anemia, and prematurity.

According to the last guideline of the Royal College of 
Obstetricians and Gynecologists (RCOG), placenta previa 
can be classified as major previa if the placenta lies over 
the internal cervical os, or minor or partial previa if the 
leading edge of the placenta is in the lower uterine segment 
but not covering the cervical os (Figure 9.1).

However, a recent “Executive Summary Report” of the 
Ultrasound Fetal Imaging Workshop in 2014 [4] suggests 
to simplify the traditional classification considered very 
confusing. So the panel agreed to a revised classification 
eliminating the classical terms “partial” and “marginal” 
and only retaining the terms “placenta previa” and “low-
lying placenta.” In particular they suggest that if the 
placental edge is 2 cm or more from the internal os, the 
placental location should be reported as normal. If the pla-
cental edge is less than 2 cm from the internal os but not 

covering it, the placenta should be labeled as low-lying and 
a follow-up ultrasonography is recommended at 32 and 
36 weeks of gestation. Only if the placental edge covers 
completely the internal cervical os, the placenta should be 
labeled as “placenta previa” that requires the same trans-
vaginal ultrasonographic follow-up at 32 and 36 weeks of 
gestation as suggested for the low-lying placenta.

The increasing incidence of cesarean deliveries com-
bined with the increasing maternal age represent impor-
tant risk factors for placenta previa and/or accreta [2], as 
well as smoking, grand multiparity, recurrent miscarriage, 
low social class, and infertility treatment [3,5].

Taipale et al. [6] reported an incidence of placenta pre-
via at term varying from 0.2% to 1.2%, depending on the 
diagnostic method used.

Diagnosis of placenta previa

The ultrasound has substantially changed the semiotics 
of placenta previa. According to the RCOG guidelines, 
routine ultrasound of the second trimester should include 
placental localization.

As noted by Becker et  al. [7], in fact, viewing placen-
tal insertion in early gestational ages allows to plan the 
correct timing of delivery and to limit the complications 
related to this disease.

Transvaginal ultrasound is currently the “gold standard” 
for the diagnosis of the localization of the placenta (Figure 
9.2). It has been demonstrated that it is an accurate and safe 
diagnostic tool to confirm the suspected diagnosis of pla-
centa previa by transabdominal scan [7] (Figure 9.3).

Oppenheimer et  al. [8] showed that 90% of low-lying 
placentas diagnosed by ultrasound during the second tri-
mester will “migrate” in a normal location at term of preg-
nancy, but it has been demonstrated that if the placenta is 
posterior or if there has been a previous cesarean delivery, 
this is less likely [9].

It is well known that placental pathologies can simulta-
neously present both anomalies of the placental insertion 
(placenta previa) and of placental implantation (placenta 
accreta); women with a history of previous cesarean deliv-
ery have a higher risk of both these conditions. In these 
cases it is recommended to perform antenatal sonographic 
imaging complemented by magnetic resonance imag-
ing (MRI) to individuate women at real risk of placenta 
accreta.

The antenatal sonographic imaging includes associated 
techniques such as grayscale, color Doppler, and three-
dimensional power Doppler (which are able to highlight 
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the vascularization not only in relation to the internal uter-
ine orifice, but also in the context of the myometrium) [2].

Management of placenta previa

The RCOG guidelines in the management of placenta 
previa recommend in the third trimester to counsel the 
woman about the risks of preterm delivery, obstetric hem-
orrhage and the possible indication for blood transfusion 
and hysterectomy [2].

About half of the cases of placenta previa will not have 
antepartum bleeding, but in the cases of women with ante-
partum bleeding/hemorrhage, management will depend 
on the degree of bleeding and gestational age [3].

Tocolysis, for treatment of bleeding in these patients, 
may be useful in selected cases, but the use of prophylactic 

Figure 9.1 Longitudinal transabdominal two-dimensional 
sonographic section in uterus at term of placenta previa.

Figure 9.2 Transvaginal longitudinal ultrasonographic section in uterus at term of central placenta previa. (Modified from 
Malvasi A, Di Renzo GC. Semeiotica Ostetrica, Rome, Italy: CIC Edizioni Internazionali; 2012.)

Figure 9.3 Placenta previa sonographic transabdominal 
view.
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tocolytics to prevent bleeding has not been demonstrated 
to have benefits. Conservative management is possible in 
case of low bleeding and if the fetus is not mature.

Mode of delivery

In accordance with the Italian Guidelines (Italian National 
Institute of Heath–National System of Guidelines [SNLG-
ISS]) on cesarean delivery (January 2012), placenta previa 
represents an indication for cesarean delivery and must be 
performed in a tertiary-level hospital to manage possible 
fetal–maternal emergencies, in order to reduce perinatal/
maternal mortality and morbidity [10] (Figure 9.4).

However, it is demonstrated that a trial of vaginal deliv-
ery is appropriate if the placental edge is at least 2 cm away 
from the internal os (Figure 9.5) and, moreover, accord-
ing to the most recent scientific literature [11], more than 
two-third of women with the placenta edge to cervical os 
distance of >10 mm deliver vaginally without increased 
risk of hemorrhage [11]. So the distance of ≥11 mm from 
the placental edge to the cervical os can be considered a 
new cutoff for safely admitting a patient to a trial of labor 
[11]. According to the relationship of placental edge and 
the internal cervical os and to the degree of the eventually 
present/previous bleeding, the time of cesarean delivery 
can be modulated prior to 38 weeks, taking into account 
the possibility of inducing fetal lung maturity by the 
administration of corticosteroids.

Also, RCOG guidelines recommend cesarean delivery 
if the placental edge is less than 2 cm from the internal 
os in the third trimester. Moreover, in the case of previ-
ous cesarean delivery, the risk of massive hemorrhage and 
hysterectomy is higher, and cesarean delivery should be 
performed in a unit with a blood bank and facilities for 
high-dependency care [2].

A cesarean delivery in the case of placenta previa needs 
an expert team of obstetricians and anesthetists.

In patients with placenta previa maneuvers of dissec-
tion of the visceral peritoneum require care and atten-
tion because of the presence of dilated blood vessels that, 
if discontinued, can be a cause of bleeding, so that the 

subsequent incision of the lower uterine segment can be 
compromised (Figure 9.6).

If the incision of the uterus is transverse, it is important 
to know if the placenta is anterior or posterior. If anterior, 
it may be possible to go through the placenta or to define 

Figure 9.4 Anatomic longitudinal section of the uterus at 
term with posterior placenta previa during cesarean delivery 
after birth delivery.

Figure 9.5 Doppler of the chorionic plate vessels in central 
placenta previa. In these cases, cesarean delivery at 38 weeks 
is recommended.

Figure 9.6 Incision of visceral peritoneum with Mayo scis-
sors at cesarean delivery to avoid placental vessels of the lower 
uterine segment.
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the placental edge going through the membranes above or 
below the placenta [3,12].

In the case of anterior low-lying placenta, in fact, there 
is a variable risk of bleeding at the moment of the incision 
of the lower uterine segment. In these cases, the placenta 
is between the uterine incision and the fetal presenting 
part. When the operator reaches the maternal side of the 
placenta inserted on the lower uterine segment, the loss of 
blood is caused, and it can be reduced by going through the 
placenta manually and quickly until the amniotic sac and 
the presenting part are reached, or by digitally punching 
the placenta to the membranes (Figure 9.7).

If the placenta previa is posterior and with a lateral 
insertion (minor previa), there are generally few problems 
both for the extraction and the afterbirth (Figure 9.8).

If the placenta previa is posterior but lies over the inter-
nal cervical os (major previa), instead, there are few prob-
lems during the fetal extraction, but it can often cause 
problems of bleeding due to the insertion of the placenta 
in the lower uterine segment. In these cases, intraoperative 
conservative treatment could be required.

The risk and the incidence of postpartum hemorrhage 
following placental removal is high, also because the lower 
segment is less muscular and occlusion of the sinuses of 
the placental bed can be inadequate, even without histo-
logical confirmation of placenta accreta [3,12,13]. Other 
procedures may be necessary to control bleeding (i.e., 
hemostatic balloon, uterine artery ligation, hemostatic 
sutures). If conservative methods are not enough to stop 
bleeding, hysterectomy is necessary.

PLACENTA ACCRETA
One of the most dreadful complications of placenta previa 
is its association with accretism, an abnormal attachment 
of the placenta to the myometrium. This pathological con-
dition is characterized by the invasion of placental tro-
phoblast into the endometrium beyond the Nitabuch layer 
due to a defect in the decidua basalis. If the trophoblast 
invades the myometrium or the serosa, placenta is defined 
as increta or percreta, respectively.

Any procedure or factor that produced a uterine scar 
(i.e., previous septostomy, curettage, myomectomy) is a 
risk factor for this condition, but prior cesarean delivery is 
the most important factor for placenta accreta [1], followed 
by placenta previa, advanced maternal age, grand multi-
parity, and Asherman syndrome [3]. Lachman et al. [14] 
assessed the frequency of the placenta accreta as 1:1420 
deliveries.

Diagnosis of placenta accreta

The importance of making an antenatal diagnosis of pla-
centa accreta is that it allows an appropriate timing of the 
delivery in order to minimize the potential maternal and 
neonatal risks.

The diagnosis of placenta accreta is very difficult, and its 
confirmation is possible only through pathological diag-
nosis. Already Hudon et al. [15] argued the importance of 
ultrasound in the diagnosis of placenta accreta. Especially, 
transvaginal ultrasound is considered a safe and complete 
tool to examine the lower uterine segment [16].

According to the last American Congress of Obste-
tricians and Gynecologists (ACOG) committee’s opinion 
about placenta accreta, a normal placental attachment 
is characterized by the presence of a hypoechoic limit 
between the placenta and the myometrium.

Figure 9.7 Going through the placenta manually and 
quickly until the amniotic sac and the presenting part are 
reached, or digitally punching through the placenta to the 
membranes.

Figure 9.8 Manual fetal head extraction during cesarean 
delivery in marginal placenta previa.
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Finberg and Williams [17] showed that the use of two-
dimensional (2D) ultrasound in the diagnosis of placenta 
accreta is based on the absence of a hypoechoic area nor-
mally interposed between myometrium and placenta. 
Catanzarite et  al. [18] have proposed the use of color 
Doppler for the diagnosis of placenta accreta, and Jauniaux 
et al. [19] reported that the presence of hypoechoic lacunas 
in the context of the myometrium is strongly suggestive 
for the diagnosis of placenta accreta in its various degrees. 
Levine et al. [20] and Chou et al. [21] reported the use-
fulness of the color Doppler 2D with a variable sensitiv-
ity from 82.4% to 100% and a specificity between 92% and 
96.8% in the diagnosis of placenta accreta; Shih et al. [22] 
and Chou et al. [23] also reported good diagnostic possi-
bilities with three-dimensional (3D) power Doppler, even 
in the early stages of pregnancy (Figure 9.9).

The presence of an increasing number of placental 
lacunae is now considered the most predictive ultraso-
nographic sign of placenta accreta. However, other ultra-
sonographic signs are considered suggestive of placenta 
accreta (thinning of the myometrium overlying the pla-
centa, loss of retroplacental “clear space,” protrusion of 
the placenta into the bladder, increased vascularity of the 
uterine serosa–bladder interface, and turbulent blood flow 
through the lacunae on Doppler ultrasound) [16].

MRI is considered an additional tool to ultrasound, 
especially useful in cases of ambiguous findings, and it is 
particularly useful in cases of posterior placenta. Regarding 
the possible use of gadolinium contrast to delineate the 
placental surface related to the myometrium, it has been 
demonstrated to have no effects on the fetus [24], but the 
American College of Radiology recommends to avoid the 
use of this intravenous contrast [25] (Figure 9.10).

Management of placenta accreta

In the case of patients with abnormal placental insertion, 
the preparation and the performance of cesarean delivery 
are certainly more challenging than in the case of “simple” 
placenta previa [26]. Women with these placental patholo-
gies, in fact, should be transferred to a tertiary perinatal 

care center, where a multidisciplinary team (anesthesiolo-
gist, obstetrician, pelvic surgeon, gynecologic oncologist, 
intensivist, maternal–fetal medicine specialist, neona-
tologist, hematologist, interventional radiologist), blood 
products and a neonatal intensive care unit are available to 
manage these high-risk patients [1,27].

It is important to make the patient aware that this is a 
life-threatening condition and that there is a possibility 
of demolitive operation in case of failure of conservative 
methods [28], with the acquisition of presurgical informed 
consent, due to the possibility of needing to perform a hys-
terectomy after the cesarean delivery to control the hem-
orrhage [29,30].

The timing of the delivery should be different depending 
on individual circumstances, but it has been demonstrated 
that both maternal and neonatal outcomes are high in case 
of delivery at 34 weeks of gestation. The administration of 
antenatal corticosteroid should be individualized, as well 
as the choice of the type of anesthetic techniques,  because 
both the general type and the regional one have been 
shown to be safe [16].

Surgical technique

After the diagnosis of placenta accreta and the identifi-
cation of the site of placental insertion, the hysterotomy 
should be done on a placenta-free region. Sometimes 
this means to do it in the fundal or posterior wall of the 
uterus [1]. The choice of a midline vertical incision may be 
considered for higher exposure if hysterectomy becomes 
necessary [16]. After the delivery of the baby, the placenta 
should not be removed [1]. The decision to leave the pla-
centa in situ is made to avoid severe hemorrhagic mor-
bidity [16]. Uterotonic drugs should be administrated to 

Figure 9.9 Angio mode 3D reconstruction of the chorionic 
plate vessels in placenta previa.

Figure 9.10 Placenta previa MRI mid-sagittal view.
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avoid uterine atony and to reduce possible bleeding. At 
this point, if there is an intraoperative confirmation of 
placenta accreta, it should be quickly decided to proceed 
with hysterectomy. In this case, the hysterotomy incision 
should first be closed. If the placental invasion is through 
the anterior uterine wall to the bladder, during hysterec-
tomy, a dissection between the bladder and the uterus/
placenta is required (sometimes it is necessary to perform 
a cystotomy) [1]. The decision to perform a subtotal hys-
terectomy is related to the presence and to the amount 
of bleeding from the surface of the cervix [1,16]. After 
the removal of the uterus and placenta, the entire pelvis 
should be inspected.

A possible alternative approach includes ligating the 
cord close to the fetal surface, removing the cord, and leav-
ing the placenta in situ. The outcome of this approach is 
unpredictable (possible later hysterectomy), so it could be 
performed only if the patient has a high desire for future 
fertility and if there is a hemodynamic stability [16].

Conservative management

In order to allow future fertility and to reduce morbidity 
related to peripartum hysterectomy, a conservative man-
agement can be taken into consideration. Independently 
of the type of approach used, in all these cases, when the 
uterus is closed after delivery, the placenta is left in situ. The 
possible conservative strategies are: pelvic artery emboliza-
tion, administration of methotrexate, application of hemo-
static sutures (Figure 9.11), pelvic devascularization and 
application of balloon tamponade [1,16].

Proposed protocol to manage postpartum 
hemorrhage

The frequent association between placenta previa and 
accretism is related to a greater maternal morbidity and 
mortality due to the higher risk of postpartum hemor-
rhage (PPH), which is the leading cause of maternal death 
worldwide. In addition to death, serious morbidity may 
follow.

The treatment of massive PPH can be summarized in 
two points: replacing circulating blood volume to maintain 
perfusion and tissue oxygenation and stopping the bleed-
ing by treating the causes or using surgical procedures.

Treatment options of PPH during cesarean delivery pro-
vide conservative management: uterotonic drugs, exter-
nal compression with specific uterine sutures (B-Lynch, 
Hayman, Cho), intrauterine packing (Figure 9.12) and 
selective devascularization by ligation (Figure 9.13) or 
embolization of the uterine arteries or of the internal iliac 
arteries in relation to the amount of bleeding and to the 
success of procedures to reduce bleeding. Failure of these 
options requires hysterectomy.

Uterine compression sutures and balloon tamponade 
can be combined to apply pressure synergistically to both 
surfaces of the myometrium (the “sandwich” approach), 
and this procedure has been described as effective in cases 
of persistent uterine atony and massive hemorrhage.

Figure 9.11 Hemostatic sutures of lower uterine segment 
during cesarean delivery with anterior placenta previa-accreta.

Figure 9.12 Anatomical sagittal section of the uterus at 
term after placenta-previa delivery and intrauterine packing to 
stop uterine bleeding.
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We have experienced a specific conservative manage-
ment protocol to treat patient undergoing cesarean deliv-
ery with PPH in cases of placenta previa major and/or 
accreta, based on clinical findings, sonography and MRI, 
planned at 32–34 weeks of gestation. Our conservative 
approach is characterized by a philosophy of liberal use 
of resources and treatment options/devices with the con-
temporary involvement of all professionals in a multidis-
ciplinary approach.

The multidisciplinary team includes gynecologists, 
anesthesiologists, interventional radiologists, blood bank, 
central laboratory, midwives and, in a few cases, urologists 
and general surgeons.

The main aspects of this organizational model are as 
follows:

• Extensive information and discussion with the patient 
and the couple of issues related to risk factors

• The presence of interventional radiologists in the sur-
gery room

• Temporary clamping of uterine vessels before placental 
delivery

• Systematic association of B-Lynch suture and Bakri-
balloon application (“sandwich” approach)

According to this protocol, the patient is adequately 
hydrated during the 4 hours before intervention (1000 mL 
of saline solution 4 hours before the surgery and 1000 mL 
1 hour before) and wears support stockings. Central 
venous catheter (CVC) is applied before surgery. Cells 
separator, four blood bags (two ready for use and two in 
standby) and portable digital angiography must be avail-
able in the operating room. A radiolucent operating table, 
medical thermal blankets and lead aprons are used for 
the procedure. Positioning of the graduate sterile bag is 
aimed at the evaluation of the blood loss during cesarean 
delivery.

The protocol for management of PPH used in our insti-
tution can be briefly summarized as follows:

 1. Preliminary prophylactic transfemoral/transhumeral 
catheterization using 5 French catheter: this is the 
only step that is not applied in case of urgency and/or 
emergency.

 2. Delivery of the fetus, administration of oxytocics (car-
betocine) within 1 minute, temporary clamping of 
uterine arteries by ring forceps, followed by placental 
delivery.

 3. Multiple square endouterine hemostatic sutures. Their 
application (on the anterior or posterior uterine wall) is 
related to the prevalent site of bleeding.

 4. Preparation of B-Lynch compressive sutures.
 5. Application of hydrostatic balloon (Bakri balloon) and 

partial filling with 30–60 mL of saline solution.
 6. Hysterorrhaphy.
 7. Repositioning of uterus with:
 a. Hydrostatic balloon inflation with a maximum of 

400 mL (depending on the size of the uterus)
 b. B-Lynch ligature, followed by further inflation 

of 100 mL of saline solution in the Bakri balloon 
(Figure 9.14).

   When necessary, especially in case of previous 
cesarean delivery, application of surgical sealants.

Figure 9.13 Posterior view of the uterus after placenta 
previa removal and right iliac artery ligation. If this surgical 
treatment is ineffective, cesarean hysterectomy should be 
mandatory.

Figure 9.14 Posterior view of complete B-Lynch technique 
during cesarean delivery in placenta previa-accreta.
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 8. If these maneuvers fail, the next step is the devascu-
larizing ligature/selective embolization of the uterine 
arteries.

 9. If all the above described procedures fail, hysterectomy.

Monitoring of maternal hematologic parameters is car-
ried out 24 hours before cesarean delivery and 2 hours 
after the procedure, then every 2–4 hours for the follow-
ing 24 hours, in relation to clinical conditions/blood loss 
and, finally, at 48 hours.

Blood transfusion is performed if the hemoglobin val-
ues are less than 7 g/dL and the hematocrit values are less 
than 21%.

The Bakri balloon is removed 24 hours after delivery 
after rectal administration (30 minutes before) of 400 mcg 
misoprostol as uterotonic drug (Figure 9.15).
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10The proactive use of balloons 
for management of postpartum 
hemorrhage in cesarean delivery
YAKOV ZHUKOVSKIY

The matter of vital importance in obstetrical hemorrhage 
management is timely recognition of its severity [1]. But 
clinical estimation of blood loss, especially in cesarian 
delivery (CD), is notoriously imprecise. In spite of routine 
uterotonics administration, major obstetric hemorrhage is 
common, even in women who seem at low risk [2]. Besides 
we should remember that the blood loss in CD may be par-
tially or even completely concealed [3]. And any surgeon 
can get into a situation of finding a pool of blood under 
the patient only after finishing the operation and remov-
ing surgical drapes.

In our opinion there are objective reasons for CD hem-
orrhage complications. These reasons originate from the 
existent technique of CD. After the uterine repair a surgeon 
becomes unable to keep basic surgical rules. He cannot 
provide complete intrauterine hemostasis, prevent blood 
clot accumulation in the cavity, and obliterate dead space 
in the wound. When the uterine incision is stitched, the 
uterine cavity immediately turns into dead space under the 
uterine seam. And this dead space may harbor both con-
cealed bleeding and blood clot accumulation. Intrauterine 
clots as well as retained parts of placenta are well-known 
causes of hemorrhage. So the concealed blood loss often 
results in dramatic delay in recognition of its severity and 
ill-timed treatment [4,5].

As main complications start in the uterine cavity after 
the stitching of the hysterotomic incision, a consequential 
reaction is to do something before the closure of the wound 
to avoid these problems. One easily comes to the idea of 
uterine cavity temporal occlusion, until clotting all poten-
tially bleeding vessels. This occlusion should be revers-
ible, noninvasive, and atraumatic. After this maneuver the 
uterus should be left unaffected, without any bleeding and 
blood clots and with proper lochia discharge.

Our idea of this uterine occlusion is to occupy the cav-
ity immediately after emptying the uterus with an easy 
expandable thin-walled silicon balloon.

But the secure placement of an expanding inflated bal-
loon inside the newly incised and stitched uterus is pos-
sible only when we obey some clear, strict demands. The 
balloon should

• Be easily and safely placed into the uterus via the 
incision.

• Provide minimal sufficient pressure on the uterine wall 
during the whole procedure to avoid overstretching the 
newly stitched incision.

• Occupy entirely the whole cavity, covering all poten-
tially bleeding vessels.

• Be easily removed per vias naturalis after its usage.

Having revised all existent methods and balloon mod-
els, we could not find the ones that would meet all the 
mentioned demands. So we had to create our own method 
and our own kit for uterine cavity balloon occlusion 
(UCBO).

THE CORE OF THE METHOD AND THE DEVICE FOR ITS 
IMPLEMENTATION
The basic idea of the method uses the principle of con-
nected vessels to fill the balloon to gravity.

One of the vessels is a thin-walled easily expandable 
intrauterine balloon, and the second is a tank placed at 
the required height above the balloon level. Both ves-
sels are connected with a rather wide tube that stays 
constantly open during the whole procedure. It allows 
the solution to flow freely back and forth between the 
balloon and the tank (Figure 10.1). Filling the balloon 
using the principle of connected vessels (Figure 10.2) 
gives numerous crucial clinical benefits, as the surgeon 
is able to

• Maintain constant required pressure in the cavity that 
constantly changes its size.

• Use the appropriate filling solution volume for any indi-
vidual case.

• Occupy the whole cavity covering all the potentially 
bleeding vessels without interfering with the spontane-
ous contractile activity of the uterus.

• Receive visual information about uterine activity by the 
changing level of solution in the tank.

• Decide precisely when it is time to remove the balloon.
• Leave the cavity without bleeding and clots.
• Provide proper cavity drainage in the postoperative 

period.

THE ABDOMINAL INSERTION TECHNIQUE OF OUR 
BALLOON CATHETER
The essential point of the UCBO method is correct place-
ment of the balloon in the cavity via hysterotomic incision. 
There are three steps to follow:

 1. Insert the deflated balloon into the cavity.
 2. Stitch the incision.
 3. Fill the balloon using the principle of connected vessels.
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The axial tube of the balloon catheter should be inserted 
through the incision, into the cervix and vagina, and then 
outside the patient’s body.

But sometimes it is a challenging task to find the inter-
nal cervical ostium from the inside of the uterine cavity 
without any visual control. To noticeably simplify this 
step, we created an auxiliary tool specially designed for 
retrograde insertion of the balloon catheter. We named 

this tool “Probe-Plug.” It has no analogs among existent 
obstetric balloon sets.

The Probe-Plug is an orange plastic stick: its length is 
25 cm and its diameter is 5.5 mm. It is flexible and soft 
enough to avoid perforation or trauma of the uterus during 
the insertion, and rigid enough to allow the internal cer-
vical ostium to be found easily without visual control. So 
by this auxiliary tool we easily penetrate the cervical canal 
and move the Probe-Plug further into the vagina (Figure 
10.3). Then we connect the balloon catheter to the proximal 
end of the Probe-Plug and move them together through the 
vagina until the deflated balloon base comes into contact 
with the internal cervical ostium (Figure 10.4).

In some cases we may use the Probe-Plug as a plug for 
saving the solution in the balloon when we attach the vagi-
nal balloon catheter.

After repair of the uterus (Figure 10.5) we start filling 
the intrauterine balloon. For this we remove the Probe-
Plug and connect the catheter to the tank pre-filled 
with the warm solution placed half a meter above the 
patient. Turning on the connecting tube we start filling 

Figure 10.2 Uterine balloon filled due to gravity. The 
orange thin plastic stick is the Probe-Plug.

Figure 10.3 Probe-Plug passing through the cervical 
canal.

Figure 10.4 The balloon catheter placement by means of 
the Probe-Plug.

50
 c

mOpen valve

Figure 10.1 The principle of connected vessels activated 
(solution passing freely).
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the balloon. Filling is over when the level of solution in 
the tank has become stable. This indicates that the cav-
ity is totally occupied with the balloon, and we precisely 
know the magnitude of the predetermined pressure 
(Figure 10.6).

Filling to the gravity implies that the balloon is quite 
large. It needs very low pressure for its expanding and eas-
ily receives up to 1700 mL of solution (Figure 10.7). Its task 
is only to hold the solution within the uterine cavity and 
to prevent escape of the solution into the vagina and fal-
lopian tubes. While the connecting tube stays open during 
the procedure, the balloon is able to react spontaneously 
on uterine contraction by changing its volume. Adjusting 
the height of the tank allows selection of any required 
pressure on the uterine wall for any individual case.

The first cases of application revealed that achievement 
of intrauterine hemostasis requires surprisingly low pres-
sure (10–15 mm Hg). Our early experience revealed that 
even just a touch of uterine wall with the balloon is enough 
to achieve a preventive effect.

In rare cases of blood leakage over the balloon, we can 
arrest bleeding by raising the tank to increase the pressure. 

But there we can encounter the problem of protruding the 
balloon from the uterus. The expulsion of the balloon may 
interrupt the procedure. Thus we may have a problem of 
holding the uterine balloon in its place.

INCREASING THE EFFECTIVENESS OF THE METHOD 
WITH VAGINAL BALLOON CATHETER USAGE
Today’s recommendations to prevent the protruding of the 
balloon by packing the vagina with gauze cannot be esti-
mated as an acceptable solution. The method of making 
sufficient counterpressure for holding the balloon in the 
cavity and conducting proper blood loss monitoring in the 
case of ongoing bleeding seems to not be realistic.

If we have managed to keep the expanding balloon in 
the uterine cavity, we will be able to arrest any bleeding, 
as we can always create external pressure exceeding the 
internal arterial blood pressure in the bleeding vessel. 
Even a temporal hemostasis is vitally important to give 
time for a clinician, but in most cases we can achieve the 
completed one.

So we had to create an additional vaginal balloon cathe-
ter. Its purposes are to hold the uterine balloon in the cav-
ity and at the same time make it possible to detect uterine 
bleeding.

The vaginal catheter is an independent module that can 
be freely coaxially attached to the intrauterine balloon 
when we need to hold it within the cavity (Figure 10.8a). 
The uterine balloon should be deflated a little to fit the 
cavity and avoid protruding. Only after this may we start 
using the vaginal balloon. Being deflated, the vaginal bal-
loon catheter is placed up close to the base of moderately 
inflated intrauterine balloon (Figure 10.8b). Then the vagi-
nal balloon is filled with 120–150 mL of solution (Figure 
10.8c). Thus the vaginal module is safely fixed in the upper 
part of the vagina, adjoining the bottom side of the intra-
uterine balloon. Any possibility of intrauterine balloon 
prolapse into the vagina during its refilling even with an 
open cervix is absolutely excluded.

Due to the fact that the inner diameter of the axial 
tube of the vaginal catheter is 19 mm, and the external 

Figure 10.5 Appropriate placement of the balloon after 
stitching of the incision.

Figure 10.6 The whole cavity secure occlusion.

Figure 10.7 Now the balloon contains 1700 mL and 
remains soft enough.
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diameter of the uterine catheter axial tube is 7 mm, there 
is a gap of about 12 mm between the two coaxial placed 
axial tubes (Figure 10.9). The gap allows blood and even 
clots to run freely out in case of uterine bleeding. Thus a 
surgeon is capable of evaluating the effectiveness of apply-
ing this method. Also it is guaranteed that there is no con-
cealed bleeding in any segment of the birth canal, because 
this space is fully occupied with the uterine and vaginal 
balloons.

INDICATIONS FOR THE UCBO
Because we regard UCBO as a prophylactic measure, then 
we have to decide to what group of patients it is addressed. 
Usually obstetricians start application of a balloon for the 
patients who are at high risk of hemorrhage in CD.

Before the closure of the uterine incision, a surgeon 
encounters the dilemma of whether he or she should use 
this unique transitory access to the uterine cavity for 
UCBO or not. At this crucial moment nobody in the world 
is able to recognize the case with oncoming problems [6]. 

And when complications start after closure of the incision, 
any surgeon regrets his denial to use a balloon, as he has to 
fight a “near-miss” situation.

The only obstacle for wide UCBO application is a sur-
geon’s subconscious fear to waste the balloon, having no 
evident indications for its usage. But we know well that 
only about one-third of postpartum hemorrhage (PPH) 
cases have identifiable risk factors [7]. The natural desire 
to “save money” in this case appears to be most mislead-
ing. In reality, wide preventive usage of the method gives 
huge economic effect, as more and more often we man-
age to prevent “near-miss” cases, and each of them costs 
$50,000–$70,000 for medical budget. Costs of treatment 
for cases with severe maternal outcomes significantly 
exceed the expenses on wide usage of UCBO.

The summarized calculation of expenses after method 
implementation in the Tyumen region of the Russian 
Federation has revealed a $1.3 million budget saving dur-
ing 1 year [8].

Thus, we cannot find reasonable contraindications for 
this proactive management of CD.

Results

An intrauterine balloon provides direct pressure on the 
bleeding vessel, and for 100% efficiency we need only to 
create appropriate pressure.

Therefore, theoretically, the efficiency of our UCBO 
should be close to 100%. Actually it exceeds 95%. In cases 
where the vascular system of the uterus was intact, the 
technique almost always works.

Retrospective analysis of rare cases requiring surgi-
cal intervention showed that the integrity of the vascular 
system of the uterus had been broken (uterine laceration, 
retained lobule of placenta accreta, congenital diseases of 
the uterine vessels, etc.).

Processing the results, we found a dramatic reduction 
in postpartum endometritis cases [8]. This leads us to a 

(a)

Balloon
protruding

Deflated
vaginal

catheter

(b) (c)

Figure 10.8 (a–c) Assembling the uterine and vaginal balloons.

Figure 10.9 Uterine and vaginal balloon catheters assem-
bled (note the gap between axial tubes).
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new understanding of infectious complication pathogen-
esis in CD.

Endometritis

Bacterial colonization of the uterine cavity is detected 
in 94% of postpartum patients, but only a small fraction 
actually develop the infection. Other factors different than 
colonization play their part in pathogenesis [9].

In our opinion the role of blood clots trapped in the 
cavity of the uterus is underestimated. Particularly in CD 
there are conditions predisposing this accumulation of 
nonviable tissue inside the uterus. During the operation 
the blood usually collects in the cavity and its discharge 
is impeded. Contractive function of the incised uterus is 
insufficient, drainage of the cavity is poor, and the cervix 
frequently is closed. The pathological contents stored in 
the uterus are inaccessible after closure of the incision. This 
inviable tissue trapped in the uterus very soon becomes a 
nutrient medium for microbial growth.

It is a well-known clinical fact that after the evacuation 
of these contents the recovery is quickly achieved.

And one more fact that confirms the role of inviable 
tissue in the cavity as a cause of inflammatory process 
development is that there were practically no cases of 
endometritis in the group of our UCBO preventive appli-
cation patients. In our opinion, this could be possible 
because we prevented the accumulation of pathological 
contents by the balloon occlusion. After the removal of the 
deflated balloon, we leave the cavity dry and clean with 
proper drainage (Figure 10.10).

Discussion

Once retained products and genital tract trauma have 
been excluded, an obstetrician has only four options to 
provide intrauterine hemostasis:

• Uterotonic medications
• Intrauterine balloon
• Uterine artery ligation/embolization
• Uterine compression sutures

Uterotonics

Some data show that 10%–21% of women fail to respond to 
treatment with conventional uterotonics [10].

Retrospective analyses of PPH cases and severe mater-
nal outcomes showed that uterotonics were applied in 
nearly 93% [7].

When giving uterotonic therapy, the clinician usually 
counts on a sufficient amount of muscle tissue being ready 
to respond, but in a number of cases (lower segment pla-
centation, cicatricial changes of myometrium, etc.) the 
uterine source of hemorrhage does not have enough myo-
metrial tissue to compress bleeding vessels. In such cases 
uterotonics usage appears to be unsuccessful [11].

But when the uterotonics fail the bleeding can be 
arrested with the intrauterine balloon.

Uterine artery ligation/embolization

This technique may be helpful to arrest corpus uteri hem-
orrhage, but it often fails in case of low segment bleeding. 
This failure can be explained by the fact that the low part 
of the uterus receives blood from a highly interconnected 
system, so after bilateral uterine arterial ligation, the uter-
ine blood flow is compensated for by the presence of rich 
anastomoses between the internal pudendal anastomotic 
branches and the uterine artery [12].

But when the uterine artery ligation/embolization fails, 
the bleeding can be arrested with the intrauterine balloon.

Uterine compressing sutures

The data on the effectiveness of uterine compressing 
sutures are rather controversial: the declared failure rate 
ranges from 25% to 50% [13,14].

Compression sutures are generally more risky than vessels 
ligation. The most common complications involve variations 
of uterine ischemic necrosis. Some of them are potentially 
life threatening; others jeopardize any further scope for preg-
nancy [15]. A case of total uterine necrosis was reported, fol-
lowing which a hysterectomy was done [16].

There are many other unique complications: closure 
of the uterine cavity with blood entrapment resulting in 
infection, synechia of varying degrees, uterine deforma-
tion, pyometra, peritonitis, pelvic adhesions, erosion into 
the lower segment of the uterus, etc. [17–25].

And in order to avoid these flaws of the method, we are 
again forced to use the intrauterine balloon by combining 
it with sutures. We modified the well-known technique of 
“uterine sandwich” [25] but made it much safer.

The main idea is to prevent excessive injuring pres-
sure of surgical thread and to shorten the duration of the 
compression.

In our case the sutures are not tightly knotted over a 
partially filled intrauterine balloon. After this we finally 
fill the balloon using the principle of connecting vessels 
to select minimal sufficient myometrium compression 
between the external knotted sutures and internal balloon 
expanding. Our method implies that the compression 
continues for quite a short period of time (about 2 hours), 

Figure 10.10 The deflated uterine balloon removal from 
the recovering uterus.
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only until hemostasis is achieved. Then, by deflating the 
balloon we release the tightness of the sutures. This allows 
us to cease the compression of the myometrium and to 
encourage earlier restoration of its perfusion.

Finally having reviewed all four options to arrest PPH, 
we have to confess that the intrauterine balloon is the most 
actionable measure among the others.

But our priority is to avoid invasive methods where pos-
sible, so we have started to use “the intrauterine balloon 
plus the vaginal balloon” technique instead of “the intra-
uterine balloon plus the sutures.” We hold the intrauterine 
balloon in place by the vaginal balloon, instead of doing it 
with sutures as it was in the previous technique. By now 
we have already had promising results in combined appli-
cation of uterine and vaginal balloons.

CONCLUSIONS
Hemorrhage and infectious complications of CD do not 
depend fully on the proficiency of the surgeon due to ana-
tomical and functional features of the organ that under-
goes surgery. Pharmacological agents are not efficient in a 
certain number of cases.

The uterine incision is made for an absolutely different 
purpose. And this access into the cavity lasting for only 
a few minutes is a precious accidental gift for a surgeon. 
Evidently the right decision is not to miss this chance to 
take certain effective preventive measures.

The UCBO fully complies with the basic principles of 
surgery.

Clotting all potentially bleeding vessels by proactively 
covering the entire inner uterine surface with a silicon 
film proves to be an efficient way to prevent basic CD 
complications.

UCBO application allows an obstetrician to lay aside 
pharmacological and surgical measures for managing 
hemorrhagic and infectious CD complications.
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11Exceptional situations after cesarean 
delivery and postpartum hemorrhage
JOSÉ M PALACIOS-JARAQUEMADA

INTRODUCTION
After the introduction of anesthesia and antisepsis, cesar-
ean was considered a safe procedure for the mother and 
the fetus. Nowadays, it is one of the most common surgical 
procedures in obstetrics. But as happens with other medi-
cal techniques, cesarean delivery is not a procedure free 
from complications, and while many of them are uncom-
mon, they can be severe and even life threatening [1]. Some 
cesarean complications usually provide time to be solved, 
but others, particularly those related to hemorrhage, do 
not. Placental blood flow at term is about 600–1000 mL/
min; for this reason, some problems related with postpar-
tum hemorrhage can modify the maternal hemodynamic 
state in a short time [2].

Other cesarean complications are difficult to diagnose, 
even with the current technology or in fully equipped 
hospitals. This group of problems may remain hidden 
until the obstetrician realizes that something is wrong. 
Sometimes diagnosis comes too late or implies the use of 
surgical maneuvers not habitual for obstetricians.

In this chapter we explain the common and uncommon 
cesarean complications mainly associated with postpar-
tum hemorrhage [3], their diagnoses, and the simplest 
solutions for them. Due to the poor results in many cases, 
medical quotations are scarce or inexistent. Therefore, 
most of this text is based on my over-23-year personal 
experience in the treatment of these complications.

UNEXPECTED PLACENTA ACCRETA DURING 
PLACENTAL DETACHMENT
Focal invasions

An unexpected finding of placenta accreta during cesarean 
may be solved by different methods. In general, options 
depend on medical experience, surgical skills, and hospi-
tal resources. For this reason, there is not a unique or ideal 
treatment for all of them, but preventing massive or uncon-
trollable bleeding must be the primary aim. Unpredicted 
diagnosis of abnormal placentation after cesarean incision 
is not a common event. Today, it is possible to perform a 
correct diagnosis of abnormal placentation in most cases; 
clinical knowledge of risk factors in addition to the high 
sensitivity and specificity of ultrasound signs [4] allow us 
to detect 90%–95% of cases. In cases of doubt associated 
with the clinical practice or imaging studies, magnetic res-
onance imaging (MRI) performed in trained centers is an 
excellent tool to define the diagnosis. But even today, some 
cases of abnormal placentation may remain undiagnosed, 
even after two or three ultrasound studies (Figure  11.1). 

We must remember that medical imaging studies are oper-
ator dependent, and mistakes by human factors need to be 
considered [5]. We must realize that this threat is possible, 
real, and that it happens in both developed and under-
developed countries.

Because most cases of abnormal placentation are asso-
ciated with placenta previa or lower placentation, visual-
ization of engorged vessels or dark blue tissue protruded 
by the uterine segment during cesarean is highly sugges-
tive of abnormal placentation (Figures 11.2 and 11.3). This 
suspicion is especially important in patients with previous 
cesarean or other uterine scars, such as those secondary 
to myomectomies (Figure 11.4) or D&C [6]. When the 
physical aspect of the lower segment is suspicious, the 
obstetrician could ask for help, or choose to perform a hys-
terotomy outside the invaded area (usually in the uterine 
fundus), or ask for help to attempt a resective conservative 
procedure (Figure 11.5a–c). Crossing the placenta, deliv-
ering the baby, and performing a quick hysterectomy is a 
very dangerous option without the possibility of turning 
back if bleeding is difficult to control (Figure 11.6).

In typical cases, unexpected abnormal placentation is 
suspected when the placenta is retained after a standard 
cesarean. Normally, after the fetus is delivered we need to 
wait some minutes for spontaneous placental detachment. 
But, if after this time and gentle cord traction or manual 
maneuvers nothing happens, we must suspect abnormal 
placentation. In these cases, increasing cord traction could 
end up in an acute uterine inversion or placental abruption 
with active bleeding; for this reason, it is recommended 
to move the uterus outside the abdomen to identify an 
adherent area. When the entire uterus is exposed, firm 
cord traction modifies the myometrium surface making 
the area with placental invasion clear. Because the only 
possibility to separate the myometrium and the adherent 
placenta is to cut between the two tissues (placenta and 
myometrium), we need to perform a simple technique to 
avoid consecutive bleeding of the placental bed. One of 
the simplest methods is to introduce two U stitches 2 cm 
outside the abnormal placentation area (horizontal and 
vertical) with absorbable suture number 1 (which includes 
all myometrial thickness) and then to perform a tight 
surgeon’s knot. Then, detach the placenta manually up to 
the adherence area and carefully cut with electrocautery 
between the placenta and the myometrium. In general, 
this hemostatic method is enough to separate the uterus 
from the placenta without bleeding. However, if some 
residual bleeding is detected, using simple X stitches is 
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probably the simplest option to stop any remaining blood 
loss. I particularly recommend covering the endouterine 
adhesive area with a double sheet of Surgicel and then fix 
it in place with two stitches of absorbable 000 suture. This 
material (regenerated cellulose) reduces the possibility of 
secondary endometrial adhesions, and it disappears in a 
couple of weeks.

According to personal experience, these types of focal 
placental adhesions are posterior and habitually the con-
sequence of D&C for abortions. It is common in some 
countries that women avoid commenting on this episode 

Figure 11.1 Hysterectomy piece of massive placenta per-
creta with parametrial invasion. One day before the surgery, 
the patient was diagnosed a placenta previa by three ultra-
sounds made in a reference center. By chance, the patient 
asked for a new ultrasound in another center and a diagnosis 
of massive placenta percreta was made. MRI was performed on 
the same day and confirms the diagnosis and also a parame-
trial invasion by axial slices. Obstetric background: 29 years old, 
one previous cesarean + IVF (in vitro fertilization).

Figure 11.2 Unexpected placenta accreta during cesarean. 
Presence of newly formed vessels of dark blue tissue on the 
uterine segment is highly suggestive of abnormal placenta-
tion. Obstetric background: First pregnancy, no other anteced-
ents were declared at that time. After cesarean she admitted 
two D&C for abortions at 9 and 14 weeks.

Figure 11.3 Unexpected placenta accreta–percreta. 
Obstetric background: 33 years old, one previous cesarean, 
one D&C + embolization by cesarean scar pregnancy (10 
weeks). Three ultrasounds negative for abnormal placentation 
(placenta previa).

Figure 11.4 Unexpected placenta percreta during cesar-
ean. Obstetric background: 35 years old, the patient had a 
laparoscopic myomectomy (5 cm) 3 years before she became 
pregnant. Ultrasound during pregnancy informed anterior 
placenta. Due to the clear segmental area below invasion, the 
obstetrician decided to perform a lower hysterotomy. The pla-
centa was detached without additional bleeding, although 
anterior defect of plenty of newly formed vessels is evident, it 
was not touched or repaired.
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to their obstetrician, because they consider that this pro-
cedure was performed a long time ago, and most of them 
prefer to forget this event.

Massive hidden invasions

Unexpected and massive placental invasions may happen 
in patients with simple total occlusive placenta previa. In 
general, these cases have a clinical background of multi-
ple cesareans, D&C, or curettage, but auxiliary diagnosis 
did not show or did not recognize signs of abnormal pla-
centation. Always remember that association of multiple 
cesareans or curettage in patients with placenta previa is 
a recognized clinical high-risk factor for abnormal pla-
centation, even after two or three negative ultrasounds. 
Although ultrasound is highly sensitive to suspect or to 
make a diagnosis of placental invasion, the method is 
operator dependent, and the results may differ according 
to experience or training. For this reason, to think that 
everything is fine after a negative ultrasound in high-risk 
patients may be a mistake [7]. Although it is uncommon 
nowadays, a frightening and life-threatening situation 
may occur when the obstetrician detaches the placenta 
and massive bleeding floods the pelvis in a few seconds. 
The scenario may range from continuous bleeding from 
the placental bed to a massive hemorrhage from mul-
tiple vessels. In the first case, we have time to compress 
the placental bed strongly, call for help, or attempt to use 
one of the standard uterine hemostatic procedures such 
as compression sutures, embolization, vessel ligatures, 
or perform a hysterectomy as a last resort. In the second 
case, when the bleeding is massive, acute, and uncontrol-
lable, accurate measures to stop the bleeding need to be 
taken immediately because we can lose the patient in a few 
minutes [8,9]. To understand the real dimension of this 
problem, we need to remember that placental blood flow at 
term is about 800–1000 mL/min. During normal placental 
detachment, myometrium contraction provides the first 
hemostasis mechanism, which is absent in cases of abnor-
mal placentation due to the myometrial thinning. When 

(a)

(b)

(c)

Figure 11.5 (a) Unexpected placenta accreta during cesar-
ean. Obstetric background: 26 years old, one previous cesar-
ean and one D&C by abortion made 3 months after cesarean. 
According to the patient’s desire of future pregnancy, the 
obstetrician called for help to attempt a one-step conserva-
tive surgery for abnormal placentation. (b) Two Allis clamps 
pull up the bladder to identify and cut, between ligatures, all 
newly formed vessels between the uterus and the bladder. (c) 
Final aspect of one-step conservative surgery for abnormal 
placentation. All invaded tissues and the entire placenta were 
removed before uterine reconstruction. The procedure was 
made by Pfannenstiel incision.

Figure 11.6  After crossing the placenta to deliver a baby, 
secondary bleeding by invaded tissues may be very difficult to 
control.
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abnormal placentation is posterior and low, physical signs 
are not as evident as for anterior invaded placenta; in these 
cases myometrial weakening in addition to abnormal pla-
centation make it possible for you to detach part or the 
entire uterus during placental detachment, a situation that 
usually turns the bleeding uncontrollable within seconds. 
Although the standard and automatic obstetric response 
is to perform an immediate hysterectomy, this is almost 
always a bad choice. To practice a hysterectomy under 
massive hemorrhage in a patient with distorted anatomy 
is almost always a recipe for disaster. In these cases, there 
is no time to call for help, to ask for blood, or to ask for the 
radiologist, and chaos occurs within a few minutes while 
the patient loses all her blood. It is completely understand-
able that it is not common to find papers that mention this 
type of complications.

A practical solution for this unusual but real complica-
tion  is to compress the abdominal aorta immediately [2]. 
The uterus must be quickly exteriorized outside the abdo-
men, while a surgical exposure moves the intestines upward 
and the aortic division is instantaneously accessible to com-
press against the promontory. Internal aortic compression 
provides an excellent proximal control to the pelvis, because 
it occludes with one simple maneuver the iliac internal, 
external, and femoral anastomotic components [10]. Then, 
it is strongly recommended to call for help and take time 
to recover from this event; interventional radiologists can 
use an aortic balloon by femoral route [11,12] without fluo-
roscopy if necessary. If an interventional radiologist is not 
available, the use of aortic cross clamping is also highly effi-
cient [13]. Abnormal placentation team members or avail-
able skilled doctors must be called immediately. During the 
waiting time, intensive care unit (ICU) doctors and anes-
thesiologists request blood and other elements to stabilize 
the hemostatic and hemodynamic state. Aortic compres-
sion or occlusion may be kept up for 60–90 minutes with-
out problems; this time is usually enough to receive help. 
When abnormal placental invasion has destroyed a wide 
area of the myometrium, a total hysterectomy to reduce 
late hemorrhagic complications is frequently performed. 
But remember that in these cases, total hysterectomy is a 
big challenge even for trained obstetricians, and the proce-
dure’s complexity should not be underestimated.

SUBPERITONEAL EXTENSION OF HYSTEROTOMY
On some occasions, during macrosomic or difficult fetal 
extraction, the hysterotomy edges may extend and pro-
duce myometrial or unintentional uterine vessel injuries. 
When vessels are damaged above the peritoneal reflec-
tion, bleeding is shown as hemoperitoneum; but if the 
tear is extended under this, the myometrial edge may 
remain hidden and be a possible cause of complications. 
As happens in upper vaginal tears, bleeding in subperito-
neal spaces can be self-limiting or produce a large retro-
peritoneal hematoma. Nevertheless, and as a general rule, 
when hypotension or hemodynamic deterioration appears 
without evident cause after cesarean, we need to think of 
pelvisubperitoneal or retroperitoneal bleeding. Remember 

that in these cases ultrasound may be negative even in the 
presence of large volumes of blood; and that in cases of 
clinical doubt on stable patients, a computed tomography 
(CT) scan is preferred (Figure 11.7a and b).

Due to the proximity among the ureter, the uterine 
artery, and the cervix, suturing the low extension of hys-
terotomy can be technically difficult, especially in the pres-
ence of active bleeding [14]. There is a tendency to avoid 
dissecting this area, partly for lack of confidence, or to 
prevent further damage. Ureteral identification is strongly 
recommended before performing tissue repair (Figure 
11.8a–c). If uterine vessels are injured, they can be sutured 

(a)

(b)

Figure 11.7 (a) Uterine aspect after delivering the baby 
through the placenta. Then, the obstetrician decided to per-
form a hysterectomy, but unexpected bleeding in the parame-
trial invasion was impossible to stop with standard measures. 
Aortic compression was made until the vascular surgeon per-
formed an aortic cross clamping to do the hysterectomy. (b) 
Hysterectomy specimen of Figure 11.7a. Lower right parametrial 
invasion was evident during dissection. We must know (before 
starting a hysterectomy) that this procedure could be very diffi-
cult to perform, even for trained teams. If we have some doubts 
according to experience, surgical skills, or hospital resources, the 
safest option is to deliver the baby through a safe area (uterine 
fundus) to then leave the placenta in situ and close the uterus.
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without risk of devascularization, because the lower anas-
tomotic system replaces blood flow immediately [10].

PERSISTENT BLEEDING IN PLACENTA PREVIA
Due to the special features of the lower segment, such as 
myometrial thickness, tissue structure, and development 
of its vessels, placental implantation in the lower segment 
is different from other uterine areas, and it is more likely to 
bleed after placental detachment. Myometrial compression 
of spiral arteries is weak or not as efficient as in the uter-
ine body, and it is a usual cause of postpartum bleeding. 
Published cases describe complications such as hysterec-
tomy [15] or even death [16] in cases of persistent bleeding 
for placenta previa; for this reason, it is very important to 
describe an easy and efficient bleeding control to be per-
formed by all obstetricians.

When the placenta covers the lower uterine segment, it 
may be necessary to cross the placenta to deliver the baby 
[17], a maneuver that usually causes additional hemor-
rhage. If the bleeding is not promptly controlled, it may 
result in coagulopathy [18] or other severe complications 
in a short time. Therefore, a rational approach in cases of 
placenta previa is first to avoid bleeding and then to pro-
vide an easy and accurate control of hemorrhage. In cases 
of lower placentation, access to the upper part of the vagina 
and lower uterine segment is almost always necessary for 
accurate bleeding control in the lower uterus. Although 
this access is only possible after a wide retrovesical dis-
section, it nevertheless allows correct vascular control 
and the use of hemostatic compression techniques [19]. 
This maneuver is not commonly practiced in obstetrics, 
and some may have concerns about bladder damage or 
unwanted bleeding. Safe retrovesical dissection, though, is 
possible using simple techniques. After a correct and com-
plete dissection of the vesicouterine space, bleeding con-
trol can be carried out by manual compression of the lower 
uterus or with the use of a simple rubber drainage tube 
tied around the cervix. Although most obstetricians can 
quickly transect an underlying placenta, the use of modi-
fied hysterotomy is a good alternative in cases of placenta 
previa. This procedure, originally published by Ward [20], 
starts with a hysterotomy carried out to prevent any initial 
damage to the placenta. The obstetrician’s hand is inserted 
between the myometrium and the placenta, and partial 
abruption is created before membranes are ruptured to 
deliver the newborn through the uterine incision. After 
the baby is delivered, most of the placenta is still attached 
in the lower segment; hence, additional bleeding is pre-
vented. Then, the placenta is manually detached and an 
oxytocic drug administered at the same time. In cases of 
excessive bleeding, the uterus is exteriorized outside the 
pelvic cavity and the isthmic portion tightened with one 
hand above the cervix immediately to stop the blood loss. 
As a second treatment line, an additional oxytocic drug 
is recommended, along with manual compression of the 
placental bed with a laparotomy pad. If these measures are 
not effective after 15 minutes, the use of lower-compression 
sutures is recommended. But not all compression sutures 

(a)

(b)

(c)

Figure 11.8 (a) Ureteral identification before repairing a 
subperitoneal extension of hysterotomy (white arrow). Patient: 
one cesarean. Fetal extraction was difficult due to weight 
(4500 g). Placental detachment was normal. After 2 hours, 
postpartum bleeding by atonic uterus was detected. Medical 
treatment was ineffective, and uterine curettage was success-
ful to stop the bleeding. Two hours later, the uterus lost tonus 
and PPH started again. Laparotomy was performed and only a 
small hematoma was detected in the anterior left parametrial 
area. (b) After ureteral identification, suture of lower exten-
sion of hysterotomy is exposed below the peritoneal reflec-
tion (white arrows). (c) After repairing the hysterotomy tear by 
simple stitches, the uterine tonus was restarted.
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have the same effect, because their effectiveness depends 
on the skill of the surgeon and on the source of bleeding 
(uterine irrigation areas) [19]. Compression sutures such 
as B-Lynch, Pereira, or Hayman compress the uterine 
body, and consequently they act over the uterine branches, 
but they are less effective, or ineffective, for bleeding origi-
nating in the lower segment or cervix (pelvisubperitoneal 
pedicles). The B-Lynch procedure has been combined with 
the concomitant use of an intrauterine balloon to increase 
the pressure over the lower segment and the cervix [21]. 
However, excessive compression using two methods 
simultaneously could be a cause of uterine necrosis [22]. 
As multiple vessels supply the lower segment, it is quite 
difficult to identify specific vessels one by one. Therefore, 
the compression square suture described by Cho achieves 
hemostasis of a specific area, regardless of how many ves-
sels supply this sector. In workshops, B-Lynch showed a 
novel and specific compression suture for the lower seg-
ment; this technique is very easy and will probably rep-
resent a new and easy alternative for these cases. The 
procedure is not published yet, but it prevents one possible 
problem of the Cho compression suture, because it does 
not occlude the uterine drainage. When the vesicouter-
ine space is open, the placement of compression sutures is 
probably the most effective and easiest procedure to stop 
bleeding in the lower uterus [23,24].

HIDDEN UTERINE RUPTURE
Pelvisubperitoneal hematomas

Previous uterine surgeries, such as myomectomies, abor-
tions, D&C, or septum resection could produce an unde-
tected lack of myometrial strength. These conditions are 
known predisposing causes for uterine rupture in labor 
or cesarean delivery [25,26]. If uterine rupture happens, 
injured tissues are visible during cesarean, but a small 
group could be left hidden under the peritoneal reflec-
tion. Although the damaged area is almost always vis-
ible to repair by simple stitches, small defects may remain 
unnoticed, healing by secondary intention. However in 
some cases, the injured area may begin to bleed, slowly but 
continuously when uterine tonus is reduced. The bleeding 
may stop, be self-limiting, or start again and cause serious 
complications. When bleeding is originated below peri-
toneal reflection it is usually evident because it produces 
metrorrhagia, or it might expand through pelvisubperito-
neal or retroperitoneal spaces, which turns diagnosis dif-
ficult at initial stages [27].

When hemorrhage is continuous, the blood finds the 
route with the least resistance (such as the fat of pelvisub-
peritoneal spaces), and it is a cause of hypotension within 
2 or 3 hours after cesarean. Clinical and ultrasound 
examination are commonly negative, unclear, or not con-
clusive, even in the presence of large volumes of blood. 
This contradiction may occur because postpartum ultra-
sound is usually performed over the hypogastrium area, 
while the hematoma expansion is extended over the pelvic 
floor or the retroperitoneum. In case of clinical doubt, CT 

is indicated because it is the quickest and most accurate 
method to detect extraperitoneal collections. When CT is 
indicated, ask especially for a coronal reconstruction. This 
series makes it easier to understand the size of the hema-
toma in relation to the abdomen.

Frequently, unexplained hypotension in the presence 
of negative physical and ultrasound examination is mis-
interpreted as underestimated blood loss during cesarean; 
consequently, blood and fluid reposition is habitually pre-
scribed. But if a second episode of hypotension happens, it 
is doubtlessly proof of undetected bleeding. Volume and 
fluid replacement must be quickly provided to improve 
an acid–base state before stopping the bleeding. If embo-
lization is available, remember that the time from the 
clinical decision until the procedure is done is about 1 or 
2 hours; in addition, embolization of infraperitoneal ves-
sels is completely different than embolization of the uter-
ine arteries. Access to the uterine arteries is made through 
the anterior division of iliac internal arteries, while lower 
uterine or vaginal vessels habitually arise from the puden-
dal internal arteries, which are branches of the posterior 
division of the iliac internal artery [10]. This difference 
implies different skills, complexity, and time for the sec-
ond group. If laparotomy is your first option, remember 
that subtotal hysterectomy is not a solution at all, because 
the source of bleeding originates below peritoneal reflec-
tion. To perform a hysterectomy in these cases causes 
clinical deterioration by hemodynamic shock and acido-
sis, a consequence of the blood loss during the procedure 
and of the blood inside the myometrial sinus, estimated 
between 2 and 3 L [28]. Even if you discover a large retro-
peritoneal hematoma, please remember that the origin of 
the bleeding is below the peritoneal reflection; otherwise, 
other kinds of uterine ruptures are expressed as hemo-
peritoneum. Posterior dissection of the bladder and ure-
teral identification are mandatory in order to guarantee 
the best anatomical access, but mainly to avoid unwanted 
complications [29]. According to personal experience, 
the hard part of the procedure is access and dissection, 
because almost always the injured area is quickly repaired 
with two or three stitches.

BLADDER AND URETERAL INJURY
Although cesarean is usually performed above the blad-
der dome, adhesions as consequences of previous surgical 
uterine procedures such as cesareans [30] or myomecto-
mies could modify the smooth plane between the bladder 
and the uterus, and be more tense and prone to injury. 
Also, during delivery of a macrosomic or heavy newborn, 
obstetric maneuvers could damage the bladder uninten-
tionally [31]. Due to its strong muscular structure, the 
bladder is an organ easy to repair with few surgical consid-
erations. At first, we need to dissect the posterior bladder 
wall to have easy access, and to explore the injured area 
correctly. Before repairing the bladder injury, it is neces-
sary to know that dissection must provide a clear vision of 
the two tear edges; this technical detail is very important 
because bladder tissue usually folds itself during suture, 
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and injured edges tissues could be left hidden. If the injury 
is anfractuous, do not doubt to cut the borders to find vital 
tissue to perform an improved suture. It is recommended 
to perform bladder suture with 000 absorbable materials, 
extramucosal, and one-layer technique. It is practical to 
start by the borders and wait to tighten until all sutures are 
in place. Then, it is recommended to check the indemnity 
of the suture [32] to detect any urine leak by Foley infu-
sion of methylene blue or sterile milk until the bladder is 
almost filled (Figure 11.9).

Ureteral injury during cesarean is not a common event, 
mainly because the hysterotomy is performed far away 
from the ureter. But in some circumstances, especially 
during active bleeding, quick attempts to stop the bleed-
ing may produce an unwanted ureteral injury [32]. When 
myometrial tears are sutured under the peritoneal reflec-
tion, there is a real risk of ureteral entrapment because of 
the close relations between lower uterine elements and the 
ureter. There are two main mechanisms to produce ureteral 
injury during cesarean, by entrapment or by cutting [33], 
and both may remain unnoticed immediately after cesar-
ean. When injuries are recognized and repaired intraop-
eratively, they can immediately bring satisfactory surgical 
results and fewer complications. If surgical entrapment is 
diagnosed during surgery, it is recommended to release 
the stitches and evaluate the extent of possible damage. 

Multiple ureteral knots in a short segment may result in 
subsequent fistula or fibrosis; for this reason, placement 
of a double J catheter or similar is recommended to avoid 
further complications. Ureteral cutting is not a common 
cesarean injury and may be a cause of unspecific postop-
erative states. In general the abdomen is distended, but 
peritoneal irritation is not always evident. If the ureter 
was cut partially, diagnosis could be difficult to perform 
without auxiliary diagnostic methods. On the other hand, 
ureteral entrapment is a cause of early and recurrent back 
pain. When these symptoms appear after cesarean or other 
gynecologic surgeries, ureteral ligature or entrapment must 
be suspected. Delayed diagnosis [33,34] requires individu-
alized treatment based on the patient’s condition and the 
length of delay.

SUMMARY
Uncommon situations can happen during cesarean deliv-
ery, and they may end up causing serious complications 
or even death. Knowledge of these mechanisms and their 
solutions is strongly recommended for all obstetricians.
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INTRODUCTION
Dystocia is defined as a difficulty in the progression of 
labor or in the completion of delivery, usually second-
ary to abnormalities of the cervix, uterus, fetus, or of the 
mother’s pelvis, that may contribute individually or in 
combination.

A common cause of dystocia is cephalopelvic dispro-
portion, characterized by a disparity between the size of 
the maternal pelvis and the fetal head, which therefore 
 precludes vaginal delivery (Figures 12.1 and 12.2). An early 
diagnosis of this condition—that is, prior to the onset of 
labor—is difficult. Another common cause of dystocia is a 
slower than normal progression (abnormal progression of 
the fetus) or the complete stoppage of the presenting part 
(failure to progress) in the birth canal. Both of these labor 
abnormalities can only be diagnosed when the expectant 
mother is in the active phase of labor (Figure 12.3).

There are, moreover, alterations of labor produced by 
inadequate uterine contractility; these are called dynamic 
or uterine dystocias. Alterations of labor due to the fetus 
are called fetal dystocias. In assessing fetal dystocias, in 
order to have an early detection of labor alterations, and 
to prevent an erroneous diagnosis of dystocia, a key role is 
played by the modern obstetrician, who will adapt his or 
her own obstetric skills and semiotic training to the vari-
ability inherent in labor and delivery.

ULTRASOUND AND DYSTOCIA
In order to diagnose certain dystocias during labor it is 
essential to use ultrasound, a diagnostic tool commonly 
found in every hospital and outpatient care setting. In fact, 
ultrasound, used in either the first or second stage of labor 
to determine the position of the fetal head, can be use-
ful in determining whether the delivery will be carried 
out spontaneously or will require surgical intervention 
(Figure 12.4).

In evaluating the fetal position one must take into 
account the position and dimensions of the fetal head. 
Before childbirth it would therefore be beneficial to 
 estimate the weight of the fetus in each patient. An assess-
ment of the fetal size by ultrasound is, however, often 
 inaccurate, due to the extreme subjectivity of the ultra-
sound measurement (±10%).

It is difficult to make a diagnosis of dystocia in the first 
stage of labor, unless the patient is in the active phase 
 characterized by adequate uterine contractile activity.

Fetal abnormalities, such as hydrocephalus, omphalo-
cele, and soft tissue swelling may also hinder labor. Fetal 
ultrasound should, however, be taken into consideration 
as an auxiliary, yet fundamental, diagnostic method when 
abnormal presentations or positions are suspected, and 
when there is no progression of the presenting part.

Anomalies of labor may, however, also be secondary to 
pelvic defects, though before attributing dystocia to pelvic 
defects, insufficient uterine contractile activity and fetal 
dystocia should be considered as factors that inhibit the 
progression of labor.

In the West or in the “industrialized societies,” pelvic 
bone diameters may represent a limiting factor in the 
completion of vaginal delivery of a fetus in a cephalic pre-
sentation, though not to the same degree as in underdevel-
oped countries where bone anomalies are present.

One last aspect, no less important than others in the 
context of dystocias, is prolonged labor.

ULTRASOUND AND POOR FETAL POSITIONS
The use of intrapartum ultrasound (Figure 12.5) to evalu-
ate the position of the fetal head during labor, has proven 
to be useful and reliable, especially in confirming the diag-
nosis of fetal head malposition, suspected at times during 
the obstetric visit [1]. Although it is not yet part of the 
obstetric routine, this diagnostic tool has the potential to 
determine the position of the fetus in a much more accu-
rate way than basic clinical tools.

It is important to have precise tools to evaluate abnor-
mal positions of the fetal head. Such abnormalities may be 
predictive of a difficult delivery, thereby greatly decreasing 
the chances that the childbirth will be carried out vagi-
nally, and at the same time increasing the possibility of 
a cesarean delivery. The evaluation of the position of the 
fetal head by ultrasound is performed with longitudinal 
and transverse scans [2].

INTRAPARTUM ULTRASOUND PROCEDURE
An ultrasound description of the fetal head position in the 
suprapubic transverse scan is based on the identification of 
the structures of the interhemispheric line: cavum septum 
pellucidum, cerebral falx, thalami, and cerebellar hemi-
spheres (Figure 12.6). In addition, the position of the fetal 
head is based on the identification of the anterior and pos-
terior cranial structures: orbits, nasal arches, and cervical 
tract of the column (Figures 12.7 and 12.8).
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Figure 12.3 The two black lines under the symphysis limit 
the subpubic arch. The subsymphysary space (SS) is shown in 
the second stage of labor, with the fetal head in the occiput 
posterior malposition. The transverse line on the fetal head 
indicates the biparietal diameter.

Figure 12.4 Ultrasound evaluation, with translabial tech-
nique, of the fetal head position in the second stage of labor. 
The intrapartum sonography shows the caput succedaneum 
and the molding, normal anatomical modifications during 
labor.

Figure 12.2 Digital examination of the pelvic outlet in the 
narrow and asymmetric pelvis, during dystocic second labor 
stage, with the fetal head in the occiput posterior position.

Figure 12.1 Digital examination of the left ischial–pubic 
bone in outlet restricted pelvis, during the second labor stage 
with the occiput-posterior position of the fetal head.
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Many technicians, obstetricians, and gynecologists 
believe that the position of the fetal head, assessed by 
evaluating the topography of the fetal fontanels and of the 
pelvic landmarks can, as in the past, be detected with a 
simple obstetric visit. However, the literature clearly indi-
cates that the opposite is true: the obstetric visit is often 
inaccurate even in very experienced hands.

The smoothing of the cervix and the level of the pre-
senting part in relation to the ischial spines can influence 
the accuracy of the vaginal examination. The intrapar-
tum ultrasound can instead overcome these obstacles 
and provide a means to more accurately assess the posi-
tion of the fetal head. Intrapartum ultrasound can there-
fore document the presence of a dystocic labor so that 
either a vaginal delivery or a cesarean delivery can be 
carried out.

SCIENTIFIC ROLE OF INTRAPARTUM ULTRASOUND
Some scholars, such as Akmal [3], assert that the likeli-
hood of a cesarean delivery can be established during the 
early stages of labor by using ultrasound to determine 
the occiput anterior or posterior position (Figure 12.9) of 
the fetal head.

Regardless of the risk factors and causes that lead to the 
occiput anterior or posterior position of the fetal head, 
Gardberg et  al. [2] reported that 68% of occiput poste-
rior positions are caused by malrotation from the initial 
occiput anterior position, and 32% of the occiput posterior 
positions are present at the beginning of labor.

This theory has been challenged by Akmal et  al. [3,4] 
who believe that the majority of occiput posterior posi-
tions are not due to malrotation of the fetal head during 

Figure 12.5 Intrapartum ultrasound evaluation in the 
second stage of labor.

Figure 12.6 Intrapartum ultrasound evaluation in the 
second stage of labor of a fetus in a cephalic position, in right 
occiput posterior position.

Figure 12.7 Transabdominal intrapartum ultrasonog-
raphy, during the second labor stage, with fetal head in left 
occiput anterior position and anterior right asynclitism. (The 
circle represents the “squint sign.”)

Figure 12.8 Transabdominal intrapartum ultrasonogra-
phy, during the second labor stage, with the fetal head in right 
occiput anterior position and anterior left asynclitism. (The 
circle represents the “squint sign.”)
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the descent of the fetus in the birth canal, but instead to 
a persistent occiput posterior position of the head from 
the beginning of labor. Rotation of the fetal head is highly 
unlikely when labor begins in occiput posterior. In fact, 
the persistence of the fetal head in this position prevents 
rotation, resulting in persistent occiput posterior position. 
All this was observed by performing serial ultrasound 
examinations during labor at 3–5 cm of cervical dilata-
tion, 6–9 cm dilatation, and 10 cm of dilatation, finding 
probabilities, respectively, of 70%, 91%, and 100% of giving 
birth in occiput posterior position.

Traditionally, the position and level of the fetal head 
have been evaluated during the visit to the obstetrician 
or with Leopold maneuvers. More recently it has been 
proposed to use ultrasound in the delivery room [5,6]. 
Katanozaka et al. [7] had, however, already proposed the 
use of ultrasound during labor to determine the obstet-
ric conjugate, arguing that ultrasound is safer and more 

effective. Numerous studies have shown that the accuracy 
of obstetric visits in determining the exact position of the 
fetal head is not optimal and, specifically, that this type of 
assessment is too subjective and therefore conditioned by 
the experience of the operator [8–10].

Sherer et al. [8] on 102 patients in the first stage of labor, 
reported that the position of the fetal head, determined 
by digital exploration, matches the position determined 
by ultrasound in only 47% of cases. The same evaluation 
performed on 112 patients in the second stage of labor had 
a percentage of 61% [9]. Kreiser et al. [11] on 44 patients 
reported a matching rate of 70% between the obstetric visit 
and ultrasound evaluation in the second stage of labor 
(Figure 12.10). In a larger study conducted on 496 women 
Akmal [10] reports that the position of the fetal head can-
not be determined in 34% of cases, and that even when the 
position can be defined it differs in 52% of cases from the 
position determined by ultrasound.

(a)

(b)

(c)

Figure 12.9 Intrapartum ultrasound diagnosis of vertex presentation: (a) the sacral rotation of the occiput; (b) with correspond-
ing ultrasound; and (c) Occiput anterior position.
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Chou et al. [12] in 2004 reported that the use of trans-
abdominal ultrasound, combined with transperineal 
ultrasound, is more reliable in defining the position of the 
fetal head than the sole obstetric visit in the second stage 
of labor, with a statistically significant difference of 71.6% 
with a visit compared to 92% with ultrasound.

Souka et  al. [13] on 148 patients in active labor, 
reported that it is impossible to determine the posi-
tion of the fetal head with a visit to an obstetrician in 
60.7% of cases in the first stage of labor, and in 30.8% 
in the second stage of labor, and with an accuracy rate 
compared to ultrasound of 31.28% in the first stage and 
65.7% in the second stage.

Uguwumadu, in his “opinion” on “intrapartum sonog-
raphy,” confirms that in dystocic labor the inevitable error 
that occurs in a traditional obstetrician visit is greater 
than in eutocic labor. In fact the swelling in childbirth, 
greater during dystocia, results in fetal sutures and fonta-
nels, used to determine the position of the fetal head, that 
are less palpable [1]. This is especially true for malpositions 

of the fetal head, which in order to be diagnosed by vagi-
nal examination require palpation of the fetal sutures and 
fontanels.

One of the more frequent fetal head anomalies during 
labor is asynclitic positions (Figures 12.11 through 12.13), 
which, especially during prolonged labors, may not be rec-
ognized due to swelling that prevents the anatomical land-
marks (sagittal suture and anterior and posterior fontanels) 
from being detected. In these cases the intrapartum ultra-
sound settles the diagnostic doubt by evaluating the posi-
tion and symmetry of the orbital cavities and of the spinal 
column in relation to the ultrasound scan plane (Figures 
12.14 and 12.15) by identifying the orbit that is closer to the 
wave front (also known as the “squint sign”). Generally, an 
asynclitism occurs in flat pelvises that force the fetal head 
to bend forward or backward in an attempt to overcome 

(a)

(b)

Figure 12.10 (a) The traditional vaginal exploration dur-
ing childbirth labor is increasingly being supplemented with 
intrapartum ultrasound (b) to assess the position of the fetal 
head.

Figure 12.11 Ultrasound view showing “caput succeda-
neum” in sagittal translabial section scan during the second 
stage of dystocic labor.

Figure 12.12 Ultrasound view showing internal rotation, 
in sagittal translabial section scan during the second stage 
of dystocic labor. Internal rotation is a difficult diagnosis with 
vaginal digital examination, especially in dystocic labor; in 
contrast translabial ultrasound makes this a simple diagnosis, 
through evaluation of the angle of internal rotation evaluation.
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the obstacle. Typically, the head engages in a posterior 
asynclitism, more rarely in an anterior asynclitism.

Ultrasound during childbirth labor not only allows for 
a more accurate diagnosis of the position of the fetal head 
in the birth canal, but often leads to an early diagnosis of 
dystocia. This allows for better planning of the operative 
delivery, avoiding unnecessary maternal and fetal com-
plications. For example, the disengagement of the fetus 
in an occiput posterior position (Figures 12.16 and 12.17) 
requires a prolonged second stage and, oftentimes, surgi-
cal delivery. Therefore, the occiput posterior diagnosis, 
in relation to the completion of delivery, is appropriately 
assessed in case of uniparous or multiparous female.

Then, if a vaginal delivery is decided upon for a vertex 
presentation and occiput posterior position, the position 
of the fetal head that allows for optimal application of for-
ceps and vacuum extractor will be known.

Figure 12.13 Translabial intrapartum ultrasound sagittal 
scan of the fetal head in the occiput posterior position, during 
the second stage of labor.

(a)

(b)

Figure 12.14 (a) Ultrasound assessment of posterior fetal 
asynclitism with (b) ultrasound image: median line (ML), thal-
ami (TH), and orbit (O), “squint sign.”

(a)

(b)

Figure 12.15 (a) Ultrasound assessment of anterior fetal 
asynclitism, and (b) ultrasound image with “squint sign.” 
(Modified from Malvasi A, Di Renzo GC. Ecografia Intrapartum, 
Bari, Italy: Editori Laterza; 2010.)
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If instead a laparotomy is decided upon for the delivery, 
it would be ineffective or harmful to extend the dystocic 
labor. Difficulties include extracting the fetal head wedged 
in the birth canal, injuries to the bladder (the bladder is 
extra pelvic and is compressed by the fetal head), or a need 
for surgical reconstruction of the lower dystocic uterine 
segment, ultra stretched and at times sacculated by the 
abnormal position of the fetal head.

Ponkey et al. [14] reported the maternal outcome for 
occiput posterior delivery compared to occiput ante-
rior. In this cohort study on 6434 births, the overall 
incidence of occiput posterior position was 5.5%, with 
an incidence of 7.2% for nulliparous women and 4% for 
multiparous women, a statistically significant difference 
(p < 0.001).

The persistence of the occiput posterior position, in 
relation to the occiput anterior position, has a statistically 

significant association with low maternal height, previ-
ous cesarean deliveries, the extension of the first (48.3% 
versus 30.3%) and second stage (53.3% versus 18.1%) of 
labor, respectively, of more than 12 hours and 2 hours, 
increased consumption of oxytocin needed to increase 
uterine contractility, epidural analgesia, the increase in 
assisted vaginal deliveries (24.6% versus 9.4%), chorioam-
nionitis (4.7% versus 1.1%), third- and fourth-degree peri-
neal tears (18.2% versus 6.7%), cesarean deliveries (37.7% 
versus 6.6%), excessive blood loss (13.6% versus 9.9%), and 
postpartum infections (0.8% versus 0.1%).

Reithmuller et  al. [15] also report in a retrospective 
study on 210 births in persistent occiput posterior, that 
even though the prognosis of the occiput posterior position 
was good, the anterior position is preferable. This is due 
to the improved maternal and neonatal outcome in terms 
of infections, and to the lower amount of damage to the 

(a)

(b)

Figure 12.16 (a) Ultrasound evaluation of vertex presenta-
tion, right occiput posterior position. (b) Corresponding ultra-
sound (O, orbits).

(a)

(b)

Figure 12.17 (a) Ultrasound evaluation of vertex pre-
sentation, left occiput posterior position. (b) Corresponding 
ultrasound.
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maternal perineal tissues, as use of the vacuum extractor in 
the anterior position is limited.

The application of the vacuum extractor is closely linked 
to a correct assessment of the position of the fetal head. 
Any deflection of the fetal head could result in the detach-
ment of the suction cup and in increased neonatal morbid-
ity. The application of a vacuum extractor on a deflected 
occiput increases by four to five times the likelihood of 
failure, whereas its application on occiput posterior or lat-
eral doubles the chances of failure [16]. If the fetal head is 
deflected at the time of application of the vacuum extrac-
tor, the probability of a low Apgar (below 6) increases by 
3.2 times, that of severe trauma of the scalp by 5.2 times 
and the probability of hospitalization in a neonatal inten-
sive care unit by 12 times.

The lateral and posterior positions are the most difficult 
to diagnose during an obstetric visit and, according to the 
literature, these situations occur more frequently with epi-
dural analgesia. Therefore it is important to use ultrasound 
in the operative delivery in labor with analgesia [17].

THE ROLE OF INTRAPARTUM ULTRASOUND AND THE 
OUTCOME OF DELIVERY
The diagnosis of malposition from a traditional obstet-
ric visit has limitations. For this reason it is important 
to improve the diagnosis with an objective instrumental 
method, such as the ultrasound [18]. This is especially true 
when an operative delivery is expected, as is recommended 
by the Canadian Society of Obstetrics and Gynaecology.

The diagnosis of occiput posterior position also assumes 
importance in predicting the outcome of the induction. In 
fact, in 2004 Rane et al. [20] reported that ultrasound eval-
uation of occiput posterior position of the fetal head, the 
posterior cervical angle, and the maternal BMI are param-
eters that can predict the outcome of the induction better 
than the Bishop score.

A greater accuracy in the diagnosis of posterior occiput 
position in the early stages of labor, and at the induc-
tion of labor, would lead to a reduction in maternal and 
fetal morbidity, which is possibly linked to an increase 
in cesarean sections, though it remains to be quantified. 
In spite of the occiput posterior position being the most 
common fetal malpresentation encountered by obstetri-
cians, there is little information about it in the literature. 
Between 10% and 20% of fetuses are in occiput posterior 
positions at the beginning of labor. During labor, in most 
cases, they turn spontaneously toward the occiput ante-
rior. Nonetheless, approximately 5% of total births occur 
in occiput posterior.

Epidural analgesia, performed at 5 cm dilation, and 
in particular with the fetal head still “high,” has been 
associated with an increase in fetal head malposition 
(occiput posterior and occiput transverse positions) dur-
ing childbirth [2]. It has been hypothesized that, due to 
the interruption of a series of events determined by epi-
dural analgesia pertaining to the dynamics of delivery, 
there is a reduction in the intensity of the maternal thrust. 
These events contribute to reducing the duration of labor 

in the expulsion stage, with the possible inhibition of the 
Ferguson reflex and motor blockade of the abdominal and 
pelvic muscles.

The vertical position of women in labor was also investi-
gated within the context of dystocias, in terms of its effects 
on instrumental deliveries and cesarean deliveries dur-
ing the second stage, on patients with epidural analgesia. 
There is however insufficient data in the literature demon-
strating significant benefits of the vertical position in the 
second stage.

TIMING OF INTRAPARTUM ULTRASOUND
Last, in the context of the diagnosis of dystocia and the 
timing of ultrasound applied to labor, special attention 
should be paid to the lengthening of the cervical dilatation 
time and the progression of the fetal head, with resulting 
extension of the first and second stages of labor. In fact, 
it would seem that the cervical dilatation and fetal head 
descent periods have changed from those reported by 
Friedman in the 1950s, as some studies report an exten-
sion, even of several hours, of the average duration of 
labor, both with and without analgesia.

The cervical dilatation curve has characteristics that 
are different from the old Friedman curves, in which the 
transition to intermediate dilations in the active phase of 
labor was much sharper than in Zhang’s modern cervi-
cometric curves. This is important, as many labors that 
are absolutely normal, in an analysis of the progression of 
labor according to the curves of Friedman, appear dysto-
cic. These “dynamic” or “pharmacological” dystocias can 
be attributed to epidural analgesia.

An analysis of the literature leads to the conclusion 
that it cannot be determined whether epidural analgesia 
increases or decreases the incidence of cesarean deliver-
ies. Instrumental deliveries have however increased. An 
important factor that influences morbidity, therefore, is 
the increase in cesarean deliveries and the extension of 
the first stage of labor, which becomes significant for the 
second stage. With regard to the extension of the second 
stage of labor, a multivariate analysis of the risk factors 
significantly associated with an arrest of fetal descent, 
shows that epidural analgesia is clearly not a major fac-
tor. Furthermore, the duration threshold tolerated in 
primiparae has been raised by the American College of 
Obstetricians and Gynecologists (ACOG) from 2 to 3 
hours.

The amount of time epidural analgesia in labor can pro-
long the active phase compared to the original Friedman 
curves has been quantified as 1 hour. The study by Zhang 
has, however, shown how the current population has 
markedly different Friedman curves. Cervical dilation 
occurs more slowly in the active phase: 5.5 hours on aver-
age compared to 2.5 hours in the original Friedman curve. 
The results of this study indicate that there is, in common 
practice, a substantially different pattern of labor progres-
sion than the original Friedman study, due in part to a 
high percentage of pregnant women making use of oxyto-
cin and epidural analgesia. Consequently, the criteria that 
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determine whether labor continues or stops may also be 
too restrictive.

In terms of halting the administration of analgesia, 
when dilatation is complete, so as to not affect labor, the 
length of the second stage would seem to be drug depen-
dent, though not capable of influencing neonatal outcome.

INTRAPARTUM ULTRASOUND AND MEDICO-LEGAL 
ASPECTS
Last, the possible medico-legal role of intrapartum ultra-
sound must not be overlooked. The ever-increasing 
medico-legal litigation in our country has in fact made it 
appropriate to establish an accurate diagnosis of dystocia. 
Additional and reliable documentation on the progress 
of labor could provide, in the event of maternal and fetal 
complications, further shelter from any claims.

The traditional partogram results from subjective 
obstetric visits and is, as demonstrated in the literature, 
scarcely reliable. An intrapartum ultrasound evaluation 
with photographic documentation can instead ascertain, 
with a wide margin of safety, the position of the fetal head 
in labor and whether it is eutocic or dystocic, thereby legit-
imizing subsequent obstetric management.

It must be noted that it is important to have, especially 
in light of possible medico-legal litigation, a safe and effec-
tive tool, such as the intrapartum ultrasound, to diagno-
sis the fetal head position for all labors at risk of dystocia 
(including those where analgesia is used).

CONCLUSIONS
To date, external and internal pelvimetry maneuvers allow 
an assessment of the pelvic fetus proportion or dispropor-
tion and, therefore, of whether the delivery will be eutocic 
or dystocic.

All pelvimetric maneuvers are affected by the subjec-
tive evaluation of the examiner, which, in addition to the 
substantial number of other fetal and maternal variables 
and anthropomorphic and individual variations, results in 
a diagnosis that is scarcely reliable.

The determination of fetal weight has not improved the 
diagnosis of dystocia or the fetal outcome.

The need for an objective determination of the level of 
the presenting part, of the cervical dilatation, and of the 
rotation of the fetal head has led to various studies. In 
particular, the diagnosis of the fetal head position with 
obstetric intrapartum ultrasound has proven to be more 
specialized as well as more sensitive. Various studies have 
reported the results of the comparison between vaginal 
examination and ultrasonography in the diagnosis of the 
position of the head [4,5].

In terms of asynclitism, ultrasound allows for a more 
reliable diagnosis, because dystocic labor produces swell-
ing and therefore renders the sutures, as well as the fetal 
fontanels, less palpable. These in fact are the landmarks 
from which the location of the fetal head in the birth canal 
can be determined.

The same can be said for the sacral rotation of the 
occiput. Here vaginal evaluation is hampered by the 

swelling of the delivery, whereas a transabdominal ultra-
sound examination easily reveals the anterior position of 
the orbits and the posterior position of the vertebral col-
umn occiput.

Even in regard to the management of delivery, in case 
of instrumental vaginal delivery, intrapartum ultra-
sound  allows for a more accurate application of the 
 forceps and of the suction cup. This is especially true for 
the latest single-use cups that, if not positioned appropri-
ately, can easily give way due to the low negative pressure 
(lower than that of the traditional vacuum).

Last, all documentation needed in case of medicole-
gal litigation, and which proves the need for an operative 
delivery, should be attached to the medical record.
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13Dystocia and cesarean delivery
New perspectives in the management of labor 
and the prevention of cesarean delivery
ANTONIO MALVASI, GIAN CARLO DI RENZO, and ELEONORA BRILLO

INTRODUCTION
Cesarean deliveries have been constantly increasing 
worldwide, with a percentage in the United States of 
almost 29.1% [1]: this has been a record increase, higher by 
6% from the national rate of the previous year [2]. Brazil 
is among the countries in which the greatest number of 
cesarean deliveries have been performed: percentages 
close to 80% were reached some years ago [3].

This steady increase is in marked contrast with the 
published guidelines regarding the optimal rate: World 
Health Organization (WHO) guidelines, since 2000, 
have recommended that the rate should not exceed 15%. 
Unfortunately, this figure has been consistently disre-
garded, especially in the industrialized countries.

This is linked to a number of reasons, ranging from 
social factors to the frequency of medical comorbidities: 
the extremely low acceptance of maternal and fetal risks 
during labor and delivery, combined with concerns about 
pelvic injury, fear of pain, and availability of the proce-
dure, have led to a small but increasing number of women 
requesting the cesarean delivery without any medical 
indication [4].

In a survey carried out in the center of which one of 
the authors (EB) is director, the Department of Obstetrics 
and Gynaecology at Mount Sinai Hospital in Toronto 
(Canada), 42% of the women interviewed would undergo 
more than one cesarean delivery to avoid possible dam-
ages to the newborn infant [5]. Another study conducted 
in the United Kingdom found that 38% of women would 
undergo an elective cesarean delivery [6].

The fact that even well-informed patients chose this 
option shows that the perceived risks from elective cesar-
ean deliveries are much lower than those regarding fetal 
distress during labor.

CESAREAN DELIVERY AND SOCIOLOGICAL ASPECTS
In the United Kingdom, the risk of death by elective cesar-
ean delivery is lower than the risk of dying while attending 
a weekend football match, as stated by Nichols Fisk.

Another element that has contributed to the increase 
in cesarean deliveries and that deserves attention is the 
hesitancy displayed in complex obstetric situations. This 
results in physicians and staff choosing to immediately 
perform a cesarean delivery instead of continuing with 
procedures that would lead to a spontaneous delivery. 
It has in fact been demonstrated that obstetricians who 

have incurred an “obstetric failure” with medico-legal 
repercussions, have later recorded a higher rate of cesar-
ean deliveries compared to the period prior to the event 
[7]. Nowadays, even in the absence of such a negative and 
extraordinary event, in order to prevent a statistically pos-
sible outcome, many obstetricians prefer a cesarean deliv-
ery. In fact, in many countries, obstetricians are aware of 
the possible medico-legal consequences resulting from an 
unsatisfactory childbirth management outcome, in terms 
of protracted, costly, and traumatic legal experiences.

Physiological and behavioral changes of the human spe-
cies can also be held responsible for the increased rate of 
cesarean deliveries: the frequency of women bearing their 
first child at a later age compared to the past (over the 
age of 35), which has proven to be linked to a significant 
increase in cesarean deliveries, is on the rise [8]. Bad nutri-
tional habits are also a contributing factor. For example, 
the percentage and degree of obesity in North America 
and other countries is increasing along with cesarean 
deliveries [9]. In fact, a review of the global statistics on 
the major causes of cesarean deliveries shows an increased 
frequency of medical and surgical indications, including 
extreme obesity, diabetes, and high blood pressure, as well 
as previous pelvic surgery, such as myomectomy.

Among the causes of cesarean deliveries in developed 
countries are social phenomena, such as an increase in 
the frequency of diabetes mellitus (including all the type 
I and II subcategories, in addition to gestational diabe-
tes [10]), as well as of macrosomic fetuses [11] in subjects 
with a substantial increase in pelvic adiposity. Obesity 
is in fact also associated with an increased rate of unen-
gaged fetal head in primaparae. These phenomena have 
numerous social, political, and health-care consequences, 
many of which lead, as mentioned, to an increase in the 
frequency of cesarean deliveries. Whereas in the previous 
century, with regard to the tendency of giving birth late 
in life, most primaparae had an unengaged fetal head in 
late gestation, some studies have shown that the frequency 
of delivery with an unengaged head at the onset of labor 
is 43%–78% [12–14]. This may also justify changes in the 
standard labor curves, as in the Zhang curve [15] that is 
longer than the original Friedman curve [16].

CESAREAN DELIVERY AND INDICATIONS
The new indications for a cesarean delivery include all 
the breech deliveries [17] that previously were performed 
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vaginally, multiple births as a result of infertility treat-
ments [18], previous hysterotomy in the 18 months prior 
to gestation, and the closure of the uterus wall with a single 
layer. With regard to childbirth after a cesarean delivery 
(vaginal birth after cesarean [VBAC]), fears of dire medico- 
legal consequences can be an indication for an iterative and 
programmed cesarean delivery or for inducing early labor.

In any case, the frequency of cesarean deliveries during 
active labor is progressively increasing.

Robson classified the reasons for a cesarean delivery, 
which comprise 10 mutually exclusive groups, as shown 
in Table 13.1: three countries and many institutions have 
adopted this classification system [19]. Data emerging 
from the use of this classification show that the groups that 
contribute most to the increase in cesarean deliveries are 
primiparous women at term with vertex presentation or 
in induced or spontaneous labor. The third major group 
includes women with previous uterine scar, the majority 
of which is admitted as primiparous in labor.

CESAREAN DELIVERY AND SUBSEQUENT DELIVERY
In North America the rate of VBAC is decreasing. The fre-
quency of labor pain has also significantly dropped. The 
rate of VBAC has decreased annually from 28% in 1996 to 
less than 10% in 2004 [1].

In contrast to the above, it is interesting to observe that 
the frequency of induced labor is increasing in developed 
countries. In fact, in the United States it has increased by 
125% from 1989, when a percentage of 20.5% of all births 
was registered for the first time, to 2001. In fact, the need 
for induced labor has increased by 68% in this time period 
[20]. Robson has shown that this group of induced women 
shows a higher percentage of cesarean deliveries compared 
to those with spontaneous labor [19].

An analysis of the literature reveals that the most 
common reason for cesarean deliveries in primiparae 

is nonprogressive labor [20]. This indication relates to 
approximately 80% of cesarean deliveries, while only 
1%–2% of all cesarean deliveries are caused by fetal dis-
tress [21].

LIMITATIONS IN THE CURRENT 
MANAGEMENT OF LABOR
Limitations in the current management of labor that can 
lead to an increase in the rate of cesarean deliveries can be 
divided into

• Limitations in the physician’s ability to evaluate the 
progress of labor

• Use of inadequate protocols, with the acquired informa-
tion, regarding the appropriate management of labor

Reliable data indicate that human fingers are far from 
being accurate in evaluating the important parameters of 
labor progress, with the exception of engagement, position 
of fetal head, and cervical dilatation.

Engagement of the fetal head in the birth canal

This definition describes the position of the lower por-
tion of the fetal head in relation to the ischial spines of the 
female pelvis.

The ability of clinicians to assess the engagement of the 
presenting part (Figure 13.1) was evaluated with a pelvic 
model. The results of the study were clearly insufficient, 
with a failure to diagnose engagement in 36%–80% of 
cases. Even when asked to define the head of the fetus as 
high, medium, or low, there were inaccuracies in judgment 
in 34% of the cases [22]. In addition, clinical experience 
did not in any way improve the ability of clinicians to 
accurately determine the real position of the fetal head in 
the female pelvis.

A potential bias of this study was the definition used for 
the engagement of the fetal head. One study has shown that 

Table 13.1 Classification of cesarean deliveries (CD) in 10 groups, according to Robson

Nulliparous/Pluriparous Presentation Type of labor

Nulliparous Single fetus in cephalic presentation Spontaneous, ≥37 weeks
Nulliparous Single fetus in cephalic presentation Induced or cesarean delivery after labor, ≥37 weeks
Pluriparous (excluding prior cesarean 

delivery)
Single fetus in cephalic presentation Spontaneous, ≥37 weeks

Pluriparous (excluding prior cesarean 
delivery)

Single fetus in cephalic presentation Induced or cesarean delivery after labor, ≥37 weeks

Prior cesarean delivery Single fetus in cephalic presentation No labor, ≥37 weeks
All breech presentations — —
All breech presentations (including 

prior cesarean delivery)
— —

All pluriparae (including prior cesarean 
delivery)

— —

All malpresentations (including prior 
cesarean delivery)

— —

All cephalic presentations (including 
prior cesarean delivery)

— ≤36 weeks

Source: Robson M, Fetal Matern Med Rev, 12(1), 23–39, 2001.
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243 female obstetric students from four university obstet-
ric clinics employed four different definitions of head 
engagement during labor [23]. In order to settle this ques-
tion, some clinicians have used the American College of 
Obstetrics and Gynecology (ACOG) classification, which 
measures the engagement in centimeters, while others 
still use the old system of dividing the pelvis into thirds 
(thus defining the station in a ratio from 1 to 3). However, 
in the previous study clinicians also did not agree on the 
obstetric moment in which the fetal head enters the pelvis: 
some obstetricians defined engagement as the moment in 
which the presenting part reaches the ischial spines, while 
 others defined it as when the biparietal diameter reaches 
that level.

The result of this confusion in obstetric terminology is 
four definitions for the engagement of the presenting part. 
The most striking aspect of this disagreement in termi-
nologies was that obstetric students themselves were not 
aware of their disagreement in defining the engagement.

Position of the fetal head

Very few studies have evaluated the accuracy of digital 
examination in the evaluation of the position of the fetal 
head in labor. Evaluation of the position of the fetal head 
during labor is traditionally determined vaginally, by 

locating the sagittal suture and anterior and posterior fon-
tanels of the fetus in relation to the diameters of the pelvis.

In dystocic labor, birth swelling renders the fontanels 
and fetal sutures scarcely tangible, and thus digital exami-
nation has limitations in terms of evaluating the position 
of the fetal head, and hence in terms of diagnostic judg-
ment (Figure 13.2).

Clinical evaluation of the position of the fetal head 
by digital examination during active labor can be eas-
ily compared to the position of the fetal head viewed by 
ultrasound in labor. Sherer et al. [24] observed a correct 
evaluation with obstetric visit in only 40% of cases. Akmal 
et al. [25] compared these two methods of determining the 
position of the fetal head: the occiput transverse position 
was correctly identified in only 54% of cases (Figure 13.3).

Cervical dilation

There is no universal standard applicable for the evaluation 
of cervical dilation. There are, however, studies that evalu-
ate the ability to determine cervical dilation by comparing 
the digital examination of two examiners or the evaluation 
of an examiner on a cervical model (Figure 13.4). Research 
comparing two examiners in an obstetric examination 
has shown that usually there is a variability of 1–2 cm of 

Figure 13.1 The caput succedaneum represents the most 
important obstacle in dystocic labor of fetal head position 
diagnosis. It reduces the accuracy of digital palpation of the 
sutures and fontanels. (Modified from Malvasi A, Di Renzo GC. 
Ecografia intraparto ed il parto, Bari, Italy: Editori Laterza; 2012.)

Figure 13.2 During the first stage of labor, small cervi-
cal dilatation reduces the accuracy of digital palpation of the 
sutures and fontanels (y, the inferior limit of lower uterine seg-
ment; x, the superior limit of lower uterine segment). (Modified 
from Malvasi A, Di Renzo GC. Ecografia intraparto ed il parto, 
Bari, Italy: Editori Laterza; 2012.)
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dilation in the vaginal examination evaluation, although 
this variability can go up to 6 cm [26]. Studies with cervi-
cal models have shown that the accuracy of clinicians in 
evaluating cervical dilation within 1 cm was only about 
50% [27,28].

Tufnell showed that digital examinations from a single 
observer were appropriate only 33% of the time, suggest-
ing that even repeated examinations by a single clinician 
provide a variable value. The authors of this study con-
clude that an examiner who believes to have correctly 
estimated cervical dilation, usually either overestimates or 
underestimates it.

Problems with digital examination, for example, include 
the poor accuracy of the examination in relation to the 
speed of labor: human fingers are able to determine differ-
ences of at most 1–2 cm. In the dilation of the active phase 
of labor it takes on average 2 hours to achieve a change 

(a) (b)

(c)

Figure 13.3 Images of intrapartum ultrasound: (a) vertex presentation, left occiput transverse position; (b) frontal presentation; 
(c) face presentation (easily diagnosed vaginally by palpation of the face). (Modified from Malvasi A, Di Renzo GC. Ecografia intraparto 
ed il parto, Bari, Italy: Editori Laterza; 2012.)

Figure 13.4 Translabial ultrasound shows a right deep 
transverse occiput position that required cesarean delivery.

 

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-14&iName=master.img-002.jpg&w=162&h=193
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-14&iName=master.img-003.jpg&w=162&h=206
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-14&iName=master.img-004.jpg&w=162&h=196
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-14&iName=master.img-005.jpg&w=232&h=156


Insufficient algorithms for the management of labor 229

of dilation that exceeds this value; more frequent exami-
nations presumably increase the inaccuracy of the digital 
examination.

There is also the additional risk of causing infections 
with a vaginal examination (Figure 13.5). In the presence 
of rupture of membranes, vaginal examinations are linked 
to an increased risk of chorioamnionitis [29], which is why 
clinicians must choose between gathering more informa-
tion about the dilation and the evolution of the labor or 
increasing the risk of infections.

There is also the cervix parameter, seen as a dynamic 
organ. Cervical dilatation during the active phase of labor 
is stimulated by contractions. During a contraction the 
cervix dilates and subsequently retracts. In one of our 
experiments we have shown that this effect is more than 
1 cm in 50% of contractions and can reach 4 cm [30]. 
Therefore, it is important to document whether the vagi-
nal examination has been carried out during or between 
contractions. Additionally, the cervix has its own degree 
of elasticity. In order to assess the cervical dilation with 
greater accuracy, the fingers of examiners must try to 
stretch the cervix as much as possible in a latero-lateral 
sense. Dilatation is achieved when fingers obtain a coun-
terpressure produced by the plasticity of the cervix.

We have data that demonstrate how the uterine cervix 
is further extended by a few millimeters during a vaginal 
examination.

There are also obstetric dogmatic assertions: a dogma, 
never put to the test yet always considered a truthful state-
ment, is that full dilatation of the cervix is at 10 cm. This 
can be quite inaccurate. For example, in preterm labor the 
cervix can accommodate the fetal head at a lower level of 
dilatation. Moreover, even in full labor, complete dilata-
tion is a function of the full circumference of the fetal 
head, which can be quite variable.

INSUFFICIENT ALGORITHMS FOR THE 
MANAGEMENT OF LABOR
It therefore seems clear that obstetricians have little ability 
to scientifically determine certain key events in labor. The 
only obstetric event that seems to be documented with suf-
ficient accuracy is the time and date of birth. Other events 
of labor, including the beginning and the achievement of 
full dilation, are usually defined retrospectively.

Patients often have difficulty determining when con-
tractions become painful, due to the subjective percep-
tion of pain, and to what often seems to be premature 
labor or completion of gestation but is actually false labor 

Figure 13.5 Fresh vaginal bacteriological examination: (a) culture, (b) presence of bacteria-cocci (c) in the course of pregnancy. 
(Modified from Malvasi A, Di Renzo GC. Semeiotica Ostetrica, Rome, Italy: CIC Edizioni Internazionali; 2012.)
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or a prodromal event. In the same way that it is difficult 
to make the diagnosis of early labor, it is equally difficult 
to define the active phase, which, again, is usually deter-
mined retrospectively. The assessment of full dilatation of 
the uterine cervix through bimanual examination implies 
that this event occurs at a specific time, between the 
obstetric visit and the previous evaluation.

An important factor in the decision-making process is 
the occurrence of nonprogressive labor, determined by a 
limited progression in the dilation of the cervix between 
two visits. Generally, the time necessary to ensure an 
expansion between one visit and the next is between 1 and 
4 hours.

Similarly, the speed of labor is hard to define, because it 
is based on inaccurate and, above all, subjective measure-
ments that are not collected in real time by an accurate 
instrument.

Letic has calculated that, considering only the error 
committed during the visit in the evaluation of the cer-
vical dilation, there would be an incorrect assessment of 
the evolution of labor in 33% of cases with an interval of 2 
hours, and in 11% of the cases in 4 hours [31]. This is due 
to the fact that there are no individual dilation curves in 
childbirth labor but only standard curves, which in most 
cases are misleading.

Cervical dilation curves or partograms describe the 
cervical dilation and the descent of the presenting part, 
but not the position of the head. A vaginal examination is 
hardly reliable as it is a subjective evaluation. However, the 
resultant curves of a partogram are similarly unreliable, 
both in the labor of primiparae as well as of multiparae, in 
which different variables come into play.

As mentioned, the more recent curve of labor is Zhang’s 
[15], which appears quite different from that described by 
Friedman more than 60 years ago [16]. The differences 
result from the fact that Friedman’s curve was conceived 
about 30 years before the one by Zhang. These in fact 
reflect the fetal and maternal anthropomorphic mutations 
in industrialized populations.

The use of oxytocin to induce or increase the labor of 
childbirth creates problems on how to interpret labor itself, 
as this drug is used in about 50% of all labors. An additional 
and more complex problem inherent in an oxytocin-con-
trolled delivery concerns the disagreements in protocols 
regarding the use of oxytocin. There are, in fact, various rec-
ommended regimes, dosages, and increments in dosages. 
In this regard, there are fundamental differences among 
the various study protocols. For example, many North 
American protocols support the reduction in the adminis-
tration of oxytocin when the patient experiences tachysys-
tole, with more than five contractions in 19 minutes [32], 
whereas the active management of labor in Ireland has no 
limitations. There is also a lack of clarity about when to 
reduce or suspend administration of oxytocin. One study 
has demonstrated that when a dilation of 5 cm is achieved, 
the dose of oxytocin can be reduced appreciably, as signifi-
cant contractions are no longer necessary, and would serve 
only to maintain contractile activity [33].

The inherent problem with all these protocols and clin-
ical studies is that oxytocin has a short half-life of only 
1–5 minutes and its administration can be dosed and 
alternated, minute by minute. Given the current state of 
knowledge we do not have a good feedback mechanism 
for modulating the use of oxytocin, as feedback with dila-
tion and/or descent of the presenting part is at intervals of 
hours, rather than minutes.

We now discuss the innovative ability to evaluate 
dilation of the uterine cervix by means of an instru-
mental measurement of the cervical dilation, defined as 
cervicometry.

THE INVENTION OF CERVICOMETERS AND INITIAL 
ATTEMPTS AT USING THEM
Emanuel Friedman, a pioneer of cervicometry represented 
by graphs on a partogram, was the first to measure the 
speed of labor and to create a mechanical cervicometer 
[34]. A similar instrument, consisting in the sophisticated 
use of a device that measures the progressive dilatation 
of the cervix, was developed by Krementsov [35]. Major 
drawbacks of these mechanical cervicometers were the 
impossibility to measure dilations in a continuous man-
ner, and the distortion of the cervical dilation produced by 
the instrument.

The next step in the evolution of cervicometry was 
instruments that were comfortable and reliable, which 
were achieved by developing electromechanical devices. 
These tools were introduced by various scholars such 
as Smyth [36], Siener [37], Friedman and Von Micsky 
[38], and Richardson et al. [39]. Even these instruments, 
however, had significant problems, as they distorted the 
anatomy of the uterine cervix and were bulky. They also 
interfered with the vaginal exploration and blocked the 
birth canal at the time of birth.

Starting from this data, Kreiwall and Work subse-
quently developed an electromagnetic cervicometer based 
on changes of the magnetic field [40]. This instrument 
avoided some of the problems mentioned above, but the 
earth’s magnetic field altered readings when dilations were 
greater than 6 cm.

Further innovations in the cervicometer occurred with 
the introduction of new ultrasonic instruments. This 
device was invented by both an American group, com-
posed of Zador et al. [41], and a Dutch group, composed 
of Kok [42] and Eijskoot [43]. Ultrasonic transducers 
were placed on the patient’s abdomen and the receiv-
ers were connected to the cervix. The real advantages of 
these devices were the smallness of the electrodes and the 
reliability of the reading compared to real obstetric data. 
Unfortunately, none of these cervicometers gained clini-
cal consensus, and many of these were used on a relatively 
small number of patients (less than 100). In fact, only two 
journals collected this data and described the model and 
use of these instruments, due to lack of consensus among 
professionals.

It seems quite interesting that in the years between 
1991 and 2000, besides the two aforementioned journals 
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containing articles by Van Dessel [44] and Lucidi [45], 
not a single new publication about cervicometry was 
published. Letic published on mechanical cervicometry 
in 2005 [46]. Currently, to the state of our knowledge, 
there are only two other companies that look to ultra-
sound-based cervicometry. A research group has in fact 
presented its ideas on the possibility of creating an instru-
ment based on ultrasound, but has not provided or pub-
lished any data. The other group is that of Barnev, which 
instead has numerous publications [47–49] and has sub-
mitted its own data [50–54].

BARNEV CERVICOMETER FOR CONTINUOUS LABOR 
MONITORING (CLM)
The Barnev cervicometer is a tool based on ultrasounds 
[47] and uses transmitters placed on the abdomen of 
the patient to generate frequent waves. The receivers are 
placed on the head of the fetus and on the lateral mar-
gins of the external uterine orifice of the cervix. These 
measure the level of the presenting part of the fetus and 
monitor the fetal heart rate. In a manner that is similar to 
the monitoring of fetal cardiac activity, commercial scalp 
electrodes, modified for this purpose, are used to mea-
sure cervical dilatation (Figure 13.6). The time needed 
for the ultrasonic signal to travel from the abdominal 
transmitters to the neck or head electrodes is measured 
and used to calculate the distances between transmitters 
and receivers. By triangulating these distances with spe-
cific mathematical algorithms, it is possible to determine 
both the cervical dilation as well as the position of the 
fetal head.

The principles of the system are similar to the global 
standard of satellite positioning systems currently in 
vogue, i.e., the Global Positioning System (GPS). Data 
obtained by the cervicometer can be shown continuously 
on a small portable monitor (Figure 13.7) or sent to a 
monitor that shows the standard fetal heartbeat. Data can 
also be stored on an external storage unit along with other 
data, or it can be printed. The above-mentioned cervicom-
eter produces real-time data on cervical dilatation and 
fetal head position.

Current applications of the Barnev cervicometer

The Barnev cervicometer has been used on more than 
three hundred patients in five centers and, to this day, has 
provided a continuous and accurate monitoring of cervi-
cal dilation, as reported in some trials. The application 
protocols of the cervicometer, however, require that it be 
positioned in the active phase of the first stage of labor. It 
also requires close monitoring of the position in the post-
partum period. There may, in fact, be some small lacera-
tions at the attachment point on the cervix. Until now only 
two minor abrasions have been recorded on more than 600 
placements and only one patient required a small suture 
on the site of application of the internal electrode. No 
patient has complained about objective and symptomatic 
infections or bleeding.

The patients to which cervicometers were applied were 
given questionnaires on the acceptability of the system in 
general and in particular of the positioning of the internal 
electrodes. An analysis of the results has produced enthu-
siastic comments, and minimal discomfort during the 

Figure 13.6 Application of electrodes on the fetal scalp and on the cervix, from the Barnev cervicometer, dur-
ing the  first  stage  of childbirth labor. (Modified from Malvasi A, Di Renzo GC. Semeiotica Ostetrica, Rome, Italy: CIC Edizioni 
Internazionali; 2012.)
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application. It was an overall positive experience, particu-
larly for some patients who could objectively assess their 
own labor.

In summary, the potential advantages of this system 
include

 1. Generation of continuous and accurate data on two 
crucial parameters for the assessment of progres-
sion of labor: cervical dilatation and level of the fetal 
head.

 2. Early detection of precipitous labor or arrest of labor.
 3. Subjective and inaccurate assessment of cervical dilata-

tion, as determined by vaginal examinations at intervals 
of 3–4 hours.

 4. Reduction in the number of vaginal examinations, 
which may not be effective or may even be harmful for 
various reasons.

 5. Generation of objective data and definite parameters on 
the progression of labor, which can be displayed on a 
computer in the room of the obstetrician-gynecologist 
on duty, thereby eliminating the need for multiple 
phone calls between medical and nursing staff.

 6. Improvement of forensic documentation on the real 
evolution of labor.

 7. Ability of the staff to make timely calls in case of immi-
nent birth (obstetrician–gynecologist, obstetrician–
anesthetist, obstetrician–neonatologist).

The disadvantages of the system can be broadly grouped 
into two categories. Cervicometer complications fall into 
the first category. Up to now in more than 300 cases ana-
lyzed, the risk of infection and bleeding is only theoretical, 
while the risk of cervical abrasion is very small (<0.5%). 
The second category involves the comfort and ergonomics 
of the instruments. An additional monitor would be used 
during labor, making delivery even less natural and more 
medicalized.

The benefits of this system, though, clearly outweigh 
these theoretical obstacles.

Possible future applications of cervicometry

The current applications of this system are considerable, 
yet in the near and imminent future these instruments 
might substantially change how labor is conducted.

In a preliminary study on the physiology of individual 
contractions [53], the Barnev cervicometer was used to 
evaluate the effect of individual contractions on dilation 
changes and the position of the presenting part. These pre-
liminary data indicate a significant shift in the attitude by 
obstetricians regarding cervical dilations and the position 
of the head in response to uterine contractions. The data 
also suggest that this model can be very useful in identify-
ing the exact moment in which the active phase begins 
and dilation is complete. Early detection of contractions 
not functional to dilation can be added to the cartographic 
parameters and can be concurrent with the diagnosis of 
slow dilation or poor descent of the fetal head. These data 
may lead to early obstetric interventions, thereby poten-
tially reducing the need to resort to a cesarean delivery.

In light of the above, the authors suggest that analysis of 
rapid changes in cervical dilatation and/or engagement of 
the presenting part with a cervicometer could be an excel-
lent diagnostic and therapeutic foundation. As mentioned, 
oxytocin, beta-agonist with a very short half-life, may be 
used based on the frequency and duration of contractions, 
both surrogate parameters in the evolution of childbirth 
labor. Cervical dilatation and descent of the head are, 
however, the two most reliable parameters for monitor-
ing the progression of labor. It follows from the above that 
both can be evaluated with computerized cervicometry.

The authors of this chapter believe that, in a not-too-
distant future, the dosage of oxytocin may be determined 
from short-term changes in cervical dilation and in the 

Figure 13.7 The LaborPro automatically computes data from the ultrasound image landmarks (biparietal diameter [BPD], 
head tip, orbits, etc.), providing precise measurement of fetal head station, head position, and head descent during contractions 
in relation to pelvic inlet plane and birth canal. (Modified from Malvasi A, Di Renzo GC. Ecografia intraparto ed il parto, Bari, Italy: 
Editori Laterza; 2012.)
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position of the head (both indicated by the cervicometer). 
This would eliminate the current long vaginal examina-
tion interval of 2–4 hours, in addition to reducing the 
number of vaginal examinations and resulting endometri-
tis and chorioamnionitis.

A preliminary investigation of dystocic labor on an ani-
mal model has led to the conclusion that this instrument 
can potentially lead to an effective and timely obstetric 
intervention.

Short-term changes in dilation and in the position of 
the presenting part, in addition to the models provided by 
the instrument during the contractions, can provide good 
feedback for guiding the administration of oxytocin. As a 
result of its application there would be a reduction in vagi-
nal visits, a lower rate of infection, a reduction in the rate of 
cesarean deliveries, and, probably, cesarean deliveries car-
ried out early, with all the necessary indications [50–54].

CONCLUSIONS
Dystocia represents about 50% of the causes of opera-
tive deliveries and, in particular, of cesarean deliveries, 
while fetal distress represents 1%–2% of operative deliv-
eries. However, while fetal distress can be measured with 
various instrumental techniques (cardiotocography, pulse 
oximetry, fetal electrocardiogram [ECG] or STAN), there 
have been no technological advancements in diagnosing 
dystocia, which to this day is done primarily by abdominal 
and vaginal examination.

An increase in legal disputes necessitates an objec-
tive assessment of maternal and fetal pathologies, and 
thus also of dystocia. Several studies have confirmed the 
diagnostic unreliability of vaginal examination, both in 
the first as well as in the second stage of labor. Therefore, 
the need in obstetrics for objective feedback has become 
more and more evident. The use of intrapartum ultra-
sound has been proposed to make up for the diagnostic 
inadequacy of the traditional obstetric examination, and 
this has significantly reduced the error in the diagnosis of 
fetal head position by 40%–70%. Nevertheless, a system 
that can objectively evaluate the different maternal and 
fetal delivery variables has not yet been validated.

Different instruments, named cervicometers, have been 
experimented with in the past, in the attempt to overcome 
this problem, but without significant clinical success. 
Researchers have achieved important results by using a 
ultrasound tool and placing transmitters on the abdo-
men of the patient, in order to produce waves that could 
be interpreted by special mathematical algorithms in a 
computer. The development of this instrument and the 
objective assessment of other parameters (currently not 
assessable) could represent a clinical application system 
that objectively determines dystocic birth, in the same 
manner as the cardiotocograph interprets fetal distress.
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14Shoulder dystocia and cesarean delivery
ENRICO FERRAZZI

… In spite of its low frequency, all physicians 
engaged in the delivery room should be pre-
pared to handle the sudden and unpredict-
able onset of the dreaded complication that 
is shoulder dystocia [1].

INTRODUCTION
Understanding the mechanisms that lead to shoulder dys-
tocia and, in particular, understanding which maneuvers 
need to be performed, requires a critical reassessment of 
the phases of the second stage of labor. For this purpose 
we start our analysis by taking a step back and looking at 
comparative anthropology.

The ratio between fetal head and birth canal in all 
anthropoid apes is such that the head of the fetus can 
progress into the birth canal once cervical dilatation 
occurs, without encountering any of the dimensional lim-
its of the birth canal itself. The human species instead is 
the only one in which the head can move through the birth 
canal only through a complex internal rotation movement. 
This allows the head to engage and to overcome the mid-
strait at its maximum diameter that is positioned differ-
ently than the maximum diameter of the superior strait 
(Figure 14.1).

This is the crucial difference compared to all other 
anthropoid species: the simple progression of a normally 
flexed head in the birth canal does not allow the delivery 
of full-term fetuses at normal weight (Figure 14.2). Such a 
limit, developed during the millions of years that have led 
to the upright position, has not allowed the brain weight to 
change (1.36 kg in an adult) [2,3].

Whatever mechanism has led to the development in 
our species of the brain/cranial cavity, it has been  limited 
by the strong negative genetic pressure exerted by the 
fetal–pelvic disproportion, “any” fetus that has a larger 
brain dies at birth and, frequently, the mother also dies 
(Figure 14.3).

We could add to this paradigm another one: fetuses 
with higher percentiles of somatic development for our 
species encounter a second anthropomorphic limitation at 
childbirth. The bisacromial diameter, similarly, can move 
through the birth canal only to the extent that the diame-
ter repeats the engagement mechanisms at the upper strait 
and the internal rotation at the mid-strait, concurrently 
with that of the head (Figure 14.4).

The second aspect that emerges from comparative 
anthropology is that delivery in all anthropoid apes is a 
“private” event. The female when giving birth distances 
herself from the group, so much so that even today there 
are very few images of childbirth in nature.

The selective advantage in hominids providing assis-
tance to their females at childbirth increases the number 
of children in the group. This has likely resulted in child-
birth being, in all human cultures, a social event in which 
women are assisted by third parties, both psychologically 
and physically.

Even today we can understand the dramatic impact 
of childbirth in the human species. Consider in fact the 
greater rate of maternal mortality and morbidity in those 
areas in which assistance during pregnancy and childbirth 
has remained unchanged for tens of thousands of years. 
In rural areas of Ghana the percentage of rectovaginal fis-
tula for outcomes of arrest in the progression at mid-strait 
is 2% [4,5].

In 2000 the maternal mortality rate was 830 deaths 
per 100,000 women in Africa, in Asia 330 deaths/100,000 
women (not including Japan and Korea), 240 deaths in 
Oceania (not including Australia and New Zealand), in 
Latin America 190 deaths, and in the industrialized coun-
tries 20 deaths per 100,000. The highest number of deaths 
in a single year was in India, with 136,000 expectant 
mothers who died. In 20 minutes, the time it takes to read 
this short text, in India alone 30 women will die during 
childbirth due to bleeding, infections, or obstructed labor.

In other countries, according to data from 2000, the 
number of maternal deaths per one hundred thousand 
childbirths is even higher than the previous figure: in Sierra 
Leone 2000 deaths per 100,000 births, in Afghanistan 1900 
fatalities, in Malawi 1800, in Angola 1700, and in Niger 
1600 (data from UNICEF/WHO/UNFPA: new report on 
maternal mortality from October 2003).

The efforts to understand and comprehend, as well as 
the classifications that have developed around the second 
stage of labor, start in the eighteenth century and continue 
in the Italian Porro in the second half of the nineteenth 
century, and in Clivio, a professor in Pavia in the 1940s. 
These efforts become more significant in light of all the 
dramatic struggles that reach far back into the history of 
mankind.

Since then nothing has obviously changed in human 
biology, with the possible exception of physical strength 
that, on average, is not as great as the strength we imag-
ine our ancestors possessed. The second stage of labor 
therefore remains an event that is critically important in 
determining the quality of the childbirth for the mother–
child dyad. On the other hand the general cultural con-
text of human reproduction in the “Western” world has 
completely changed: society assists both pregnancy and 
childbirth, surgery, diagnostic techniques related to the 
well-being of the fetus (which we do not call mobile body 
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anymore), and image techniques used to objectively deter-
mine position and station [6].

THE SECOND STAGE OF LABOR
Critical points

First critical point

Traditional obstetrics divides the second stage of labor 
into six stages (Table 14.1). The first critical point is to 
define the beginning of the second stage of labor. If we 

were to use Anglo-Saxon terminology, we would sim-
ply say that the second stage starts at full dilation, and 
that “it is characterized by the voluntary pushes of the 
patient” [7].

Apparently the simplification that the start of the 
second stage of labor = second-stage = full dilation is a 
descriptive advantage. Practically, however, it neglects two 
extraordinarily important events: the engagement of the 
head at the superior strait and the physiological mecha-
nism that causes the somatic pain that induces the patient 
to “push out” the fetus.

According to authoritative texts the engagement of the 
fetal head in many nulliparae can occur before the onset of 
labor [8]. However, if what is meant by engagement is the 
widest cephalic circumference overcoming the superior 

(a)

(b)

Figure 14.2 (a) Full-term human fetal skull. (b) A normal 
bony pelvis.
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Figure 14.1 (a) Schematic frontal section of the basin (or 
bony pelvis). In the false (anatomical) pelvis (top image, A) the 
fetal head is not engaged in the pelvis. In the true (or obstetric) 
pelvis (bottom image, B) the fetal head is engaged. The line 
of separation passes through the superior strait and is called 
terminal line or ischiatic line (IL, in circle label). (b) Diameters of 
the mid-straits; Hodge’s pelvic floor (P = Pigeaud’s descending 
cylinder; F = Fouchier’s disengagement triangle).
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Figure 14.3 Comparison between the brain size of an adult gorilla (left) and the size of the human brain (right). (Modified from 
Malvasi A, Di Renzo GC. Ecografia intraparto ed il parto, Bari, Italy: Editori Laterza; 2012.)
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Figure 14.4 (a) The pelvis of an adult chimpanzee during childbirth: 1 = superior strait, 2 = mid-strait, 3 = inferior strait. 
(b) Australopithecus (A.L. 288–1) during childbirth. (c) Homo sapiens childbirth.
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strait, it occurs as a result of uterine contractions at the 
end of the dilation period [9].

The two concurrent events, complete dilation and 
engagement at the upper strait, mark the beginning of 
the second stage of labor. We know now that there may 
be a latency period, which can even be lengthy, between 
full dilation and engagement. In our experience in Milan, 
this latency, with a reassuring CTG, can last up to 3 hours, 
which then leads to a completely normal second stage of 
labor.

Ultrasound, combined with clinical obstetrics, teaches 
us that in about 20%–30% of labors at full dilation, the pre-
sentation is posterior [10,11]. Additionally we have learned 
that latency is determined by the amount of time needed 
by the fetus to bring the occiput to the front and therefore 
to engage in occiput anterior. Also, only a fraction of these 
fetuses begin the descent into the birth canal remaining in 
occiput posterior. This is the only knowledge that the mas-
ters of traditional obstetrics could not have had, thanks to 

modern-day ultrasound methods that are far more accu-
rate than in the past. Well known, on the other hand, were 
the engagements in occiput posterior with progression 
and internal rotation at the mid-strait not of 45° (e.g., from 
left occiput anterior to anterior) but of 135° (i.e., from left 
occiput posterior to anterior).

This mechanism by which the fetal head adjusts to the 
best position for entrance to the superior strait is compara-
tively recently acquired knowledge. This justifies, if ever it 
were needed, the good obstetric practice of patiently wait-
ing for full dilation and engagement, or rather, of waiting 
for full dilation, flexion, engagement, and progression of 
the head in the upper part of the birth canal. This until the 
appearance of the pushing sensation and of the desire on 
the part of the woman to perform spontaneous pushes due 
to the somatic pain from the pressure on the pelvic floor 
muscles.

When undue confusion is made between complete 
dilation and the beginning of the second stage of labor 

Table 14.1 Maternal-fetal childbirth stages

Active encounter The presenting part encounters the oblique diameter of the superior strait

Reduction and engagement The less favorable diameter of the fronto-occipital presenting part is replaced with a more 
favorable suboccipitobregmatic diameter, due to the force—contraction—and probably 
due to the combined effect of fetal posture and tone.

Passage of the widest circumference of the presenting part in the superior strait, with 
suboccipitobregmatic diameter along one of the oblique diameters; generally, at this point 
the lowest part of the fetal head has reached the ischial spines.

Progression The presenting part is forced to descend into the small pelvis maintaining the initial ratio of 
the suboccipitobregmatic diameter with an oblique diameter of the pelvis. 
The progression movement is completed when the most declivous part reaches the pelvic 
floor and when, concurrently, the only diameter that allows passage, or, the most 
favorable to passage, is the anterior–posterior. This movement corresponds to an initial 
spontaneous sense of contraction due to the pressure that the head exerts on the levator 
ani muscles.

Internal rotation engagement at 
the mid-strait

Rotation of the presenting part by one-eighth of a circle (45°), which moves the 
suboccipitobregmatic diameter along the more favorable anterior–posterior mid-strait 
diameter and brings the occiput up to the pubic symphysis: the occiput is thus secured 
under the symphysis and can start the deflection with leverage on the symphysis itself.

Disengagement of the 
presenting part

Overcoming the birth canal bend with extension of the head: squama occipitalis–atloido-
occipital joint secured under the symphysis and uterine force applied initially to the frontal 
sinuses, then the nose, and finally the chin. The presenting part will move through the 
pelvic floor and the vulvar ring.

Restitution and external rotation 
concurrent with engagement of 
the shoulders and with internal 
shoulder rotation

Restitution: the head rotates from occiput anterior by 45° to the left or to the right, 
depending on the initial position, in the opposite direction to the internal rotation, thereby 
restoring the perpendicular orientation of its anterior–posterior diameter relative to the 
bisacromial diameter, that is now located at the superior strait, with anterior acromion on 
the right anterior oblique diameter.

Rotation of the head by another 45°, clockwise, consensual with the rotation; rotation and 
engagement of the bisacromial diameter: from the superior strait—oblique diameter—to 
the mid-strait—anterior–posterior diameter. Subsequent securing of the anterior shoulder 
under the symphysis and progression of the posterior shoulder in the sacral concavity.

Total expulsion of the fetus Engagement of the anterior shoulder under the symphysis, lateral flexion of the fetal trunk, 
disengagement of the posterior shoulder, and subsequent expulsion of chest, abdomen, 
and lower limbs.
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and hence, at complete dilation, the voluntary efforts 
of the parturient are being activated, maternal–fetal 
 dystocias are likely to occur. The symptom, usually, is 
easily identifiable, but becomes difficult to evaluate in 
the presence of epidural analgesia, even when analgesia 
is adequately reduced at the end of the dilating period. In 
these cases, the obstetrician must be even more careful 
in determining when the patient shows objective symp-
tomatological signs that indicate that the progression has 
occurred.

The active encounter mechanism—starting time for 
maternal–fetal events—would also justify (though this 
is more and more overlooked) the prompt rupture of 
the membranes to facilitate the movements of the fetus 
to adapt to the superior strait. Studies performed by 
Caldeyro-Barcia provide unequivocal scientific support 
to what normally occurs in nature: membranes rupture 
spontaneously in over 80% of cases, between 8 cm and 
complete dilation [12] (see Box 14.1).

Second critical point

The second critical point is well evidenced by the descrip-
tive and semiological differences that exist between tradi-
tional Italian and Anglo-Saxon obstetrics. The differences 
are in how to describe that which we define the first 

three phases of the second stage of labor: I reduction and 
engagement, II spontaneous progression, and III internal 
rotation.

The objective diagnostics of the progression in the 
birth canal according to Anglo-Saxon criteria is based on 
 identifying the station of the end of the presenting part, in 
relation to the level of the ischial spines, and expressed in 
the number of centimeters above (or below) the plane of 
the ischial spines (Figure 14.6).

A descriptive advantage of this semiotics is the paral-
lel representation of the evolution of the dilation and the 
progression. The disadvantage of this semiotics is that less 
clinical diagnostic attention is paid to the movements of 
spontaneous progression and internal rotation, which 
would result in the head “engaging” the mid-strait from 
an optimal position. The same image that was used to 
“explain” the station of the presenting part in relation to 
the ischial spines makes you lose sight of the problem of 
internal rotation.

It is worth remembering, as a counterpoint, that 
humans are the only species that resort to this mechanism, 
in order for the cephalic extremity to advance in the birth 
canal. The birth canal therefore is not a tube with neu-
tral landmarks as it would appear to be from the didactic 
 representation used in Anglo-Saxon texts.

Box 14.1 Summary of first critical point

 1. Add to the six traditional obstetrics movements the active encounter movement of the fetal head at the superior strait 
(Figure 14.5).

 2. Define the beginning of the second stage of labor as the coexistence of complete dilation, occurred flexion, and  engagement, 
associated with uncontrollable contractions on the part of the woman. It should be made clear that the second stage of labor 
can be considered started only in the presence of unrelenting contractions. This would avoid various iatrogenic situations 
caused by operators urging the woman to push in the absence of any spontaneous contraction.

(a) (b)

B

A

Figure 14.5 (a) Sagittal section of pelvis and of a fetal head that is encountering the superior strait in synclitism, while the 
operator palpates the left ischial spine (A = biparieta diameter, B =obstetric coniugate). (b) Sagittal section of the obstetric 
pelvis in the second stage of labor, in which the operator evaluates the encounter of the fetal head at the upper entrance 
(Farabeuf maneuver). ([b] Modified from Vincenzo T. Semeiotica Ostetrica, Bari, Italy: Editori Laterza; 1992.)
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Beck, in describing the third movement of the mechani-
cal actions, i.e., internal rotation, uses the following defi-
nition: “… this movement is always associated with the 
descent of the presenting part and, usually, is not com-
pleted until the fetal head has reached the level of the 
ischial spines (+2) …” [7].

Semiotics of traditional Italian obstetrics, well high-
lighted by Pardi [9], proposed for recognizing and diag-
nosing these events is based, according to Clivio [13], not 
on the relation between cephalic extremity and spines, 
but rather on the relation between the fetal head and the 
pubic symphysis during progression in the upper part of 
the birth canal.

Here is the simple and elegant description provided by 
Clivio [13]:

[I]t is said that the head is still mobile at the superior strait 
when fingers are able to push it back and run along the 
posterior surface of the pubic symphysis, up to its upper 
edge; that it is secured at the superior strait, when we 
are not able to push it back, and the upper edge of the 
pubic symphysis is no longer accessible [Figure 14.7]. 
We will say that the head is at the top part of the cavity 
when  fingers are able to reach the lower two-thirds of the 

pubic symphysis; that it is in the mid or inferior part of 
the  cavity when the lower half or third of the symphysis, 
respectively, are accessible. It will be said that the head is 
at the inferior strait when only the lower margin of the 
symphysis pubis [Figure 14.8], and the tip of the coccyx 
can be reached; in this case it will also be possible to see if 
the head has completed the rotation movement, by seeing 
if the sagittal suture is oriented according to the direction 
of the coccyx–pubic diameter.

The reproducibility of this semiotics, in its simplicity, is 
probably higher than that of the station in relation to the 
ischial spines. Mainly, however, it puts at the center of the 
first phase of the second stage of labor, the correct attain-
ment of the mid-strait in occiput anterior.

It is important to reiterate the importance of the diag-
nosis of the position of the presenting part, as it influ-
ences the duration of the internal rotation and provides 
precise information on the fifth period of childbirth: 
moment of restitution and external rotation concur-
rent with engagement of the shoulders and with internal 
shoulder rotation. If those who are assisting the woman 
know the position of the fetal head at that moment, then 
they will know in which direction the head will make the 
restitution.

In 70% of cases the semiotics is simple, based on the 
identification of the longitudinal suture and the trian-
gular fontanels. Unfortunately, this objective semiot-
ics is most frequently uncertain when progression has 
slowed down or stopped. The therapeutic decision, in 
such cases, should be preceded by simple and reproduc-
ible ultrasound semiotics, as widely recommended in the 
literature and in the guidelines of the Canadian Society 
of Obstetrics.

The head overcomes the mid-strait (the longest seg-
ment in a eutocic birth) after it has engaged, when the 
occiput is balanced under the lower edge of the sym-
physis, to allow deflection and progression to the peri-
neal level, which then stretches to allow disengagement 
of the head (fourth movement). The time from the 
engagement at the mid-strait to overcoming it can be 
very long, as the head, in spite of the rotation, may have 
to confront plastic changes in order to overcome this 
limit point.

In the past, that we can read about in historical texts 
on childbirth, or even today see in childbirth assistance 
in rural populations of the Third World, this time could 
last for hours or even days. This could result in the death 
of the fetus and in an acceleration of plastic phenomena, 
such as postmortem childbirth caused by muscle rigor of 
the dead mother, associated with postmortem phenomena 
of the fetal head.

Burial remains of women who died during child-
birth have been found, in which a small fetal skeleton 
lies between the femurs of the woman. It was due to 
these postmortem childbirths that the first Christian-
era emperors decided that doctors, who had assisted in 
childbirths that resulted in the death of the mother from 
“obstructed labor,” had to perform a midline laparotomy 

Figure 14.6 Stations of the fetal head in relation to the pel-
vis: the plane of the ischial spines is defined as station 0 (indicat-
ing the engagement). Above this plane the station is defined as 
−1, −2, and −3; as the fetal vertex descends the station is referred 
to as +1, +2, +3. The numbers refer to the distance (measured in 
centimeters), which separates the most prominent area of the 
fetal head from the area of the ischial spines. 
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and a longitudinal cut on the uterus to remove the fetus. 
The fetus was laid next to the mother and  buried, along 
with the mother, facing west. This was the so-called cesar-
ean delivery—that is, required by law by the emperor 
Caesar. The law was to be strictly applied, to  the point 
that Emperor Frederick II ordered the death of doctors 
who did not perform the postmortem cesarean delivery 
as per imperial (Cesarean) law (see Box 14.2).

Third critical point

The third critical point is represented by an inadequate 
focus, in the description of the restitution–external rotation 

of the head after disengagement, on the more important 
events that take place concurrently in the birth canal, 
related to the shoulder girdle and its bisacromial maximal 
diameter.

In fact the shoulder girdle in a normally developed full-
term fetus performs the same movements as the head in 
passing through the birth canal. The only exception is 
that the oblique diameter at the superior strait in which 
the shoulders will engage is normally the anterior right in 
an OISA (anterior left iliac occiput) delivery. The diam-
eter that encounters, engages, progresses, rotates at the 
medium cavity, and engages under the symphysis is the 

(a) (b)

(c)

Figure 14.7 (a) Maneuver in which the disengaged fetal head is pushed back. (b) Exploring finger reaches the upper mar-
gin of the pubic symphysis, when the head is not engaged. (c) Palpation of the lower two-thirds of the pubic symphysis, when 
the fetal head is in the upper part of the pelvic cavity. ([a] Modified from Vincenzo T. Semeiotica Ostetrica, Bari, Italy: Editori 
Laterza; 1992.) 
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bisacromial diameter. Any plastic modification is much 
easier to achieve through simple forward and/or down-
ward flexion of the clavicles. Semiotics is simpler because 
in eutocic childbirths the head will indicate to us these 
movements, as long as it is observed without improperly 
interfering.

Once the disengagement of the head is completed 
we should observe (or feel with our hands, without 
 performing any traction) the restitution–rotation of the 
head by 45°, from occiput anterior under the symphysis 
to left occiput anterior. This corresponds to the restitu-
tion of the head to a position that is orthogonal to the 
axis of the shoulders, which were engaged in the front 

Box 14.2 Summary of second critical point

 1. Reintroduce in partograms the six phases of the second 
stage of labor of traditional obstetrics, in addition to 
the definitions of station and position of the fetal head.

 2. Jointly consider the two objective criteria: head sym-
physis relationship and head ischial spines relationship.

 3. Consider internal semiotics alongside external supra-
pubic and abdominal semiotics, so as to be able to 
identify the fetal disposition, in order to improve 
 diagnostic reproducibility as well as to learn to recog-
nize the external findings that will be useful in those 
rare cases of shoulder dystocia.

(a)

(b)

(c)

P0

0

Figure 14.8 (a) Abdominal palpation (fourth Leopold maneuver) with disengaged fetal head; (b) engaged. The line shown on 
the pelvis represents level 0, the bisischial distance. (c) Palpation maneuver of only the lower margin of the pubic symphysis, with 
head engaged (P = pubis).
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right anterior oblique diameter in the same direction as 
the disengagement of the head. The completion of the 
external rotation of the head by another 45° corresponds 
with the internal rotation of the shoulders at the mid-
strait. This screwing movement allows the mid-strait to 
be overcome from the most favorable position—ante-
rior–posterior—and brings the acromion under the sym-
physis (Figure 14.9).

Delivery assistance can provide a delicate rotat-
ing traction, only after observing the spontaneous 
restitution movement of the expelled head from left 
occiput anterior to left. This facilitates the progression 
of the  front shoulder under the symphysis. When the 
acromion overcomes the lower margin of the symphy-
sis, the  disengagement of the rear shoulder can start. 
The mechanism is similar to that performed by the head 
(Figure 14.10).

Failure to comply with this critical point, the restitu-
tion of the head, and performing traction at this time, 
may cause iatrogenic shoulder pseudo-dystocias. These 
can be easily resolved if the fetus has a normal weight, 
but become complex and dramatic in macrocosmic 
fetuses.

In fact, traction performed before restitution can block 
the acromion at the symphysis (see Box 14.3).

Fourth critical point

The fourth critical point is the insufficient consideration 
given to the physiology of uterine contractions during 
labor and even more so in the second stage of labor.

According to studies [14], the lithotomy position 
increases the frequency of contractions but reduces the 
intensity. In fact measuring Montevideo units with inter-
nal pressure transducers, shows that the contractile force, 
developed in 10 minutes during the active dilating phase, 
is greater when the number of contractions are about three 
every 10 minutes (with sitting, squatting, or ambulatory 
patient), compared to the 4–5–6 contractions that we 
observe in the lithotomy position.

The possible cause of the increased activation of the 
uterine pacemakers may be the pressure generated on the 
presacral plexus by the gravid uterus. These observations 

Box 14.3 Summary of third critical point

 1. Add to the terminology, as well as in conceptual terms, 
the movement of restitution with engagement of the 
shoulders and of external rotation of the head with 
internal rotation of the shoulders: shoulder engage-
ment–restitution and external rotation–internal rota-
tion of shoulders which defines the “consensual” 
rotation proposed by Pescetto.

 2. Carefully define the main dystocias in the second stage 
of labor on the basis of the movements in a eutocic 
delivery, such as the lack of engagement at the supe-
rior strait, the lack of rotation and engagement at the 
mid-strait, the lack of engagement of the shoulders at 
the superior strait (Pescetto’s type I), the lack of rota-
tion and engagement of the shoulders at the mid-strait 
(Pescetto’s type II).

Figure 14.9 Front shoulder, below the mid-strait, in ante-
rior–posterior position, with the acromion under the symphy-
sis. (Modified from Malvasi A, Di Renzo GC. Semeiotica Ostetrica, 
Rome, Italy: CIC Edizioni Internazionali; 2012.)

Figure 14.10 Disengagement maneuver of the rear 
shoulder. (Modified from Malvasi A, Di Renzo GC. Semeiotica 
Ostetrica, Rome, Italy: CIC Edizioni Internazionali; 2012.)
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could also explain why the contractions observed during 
the second stage of labor frequently slow down. It is pos-
sible that the less supine position of women in the second 
stage of labor reduces the neurogenic hyperstimulus of the 
uterine pacemakers. This does not mean that the overall 
force in the unit of time should be reduced, but may simply 
mean that the mechanical phenomena in the second stage 
of labor should be allowed to evolve.

Unfortunately, too many times in the delivery room 
we observe the bad habit of an oxytocic perfusion being 
applied, or increased, in the second stage of labor. The sole 
purpose, evidently, is to assuage the fear of the doctor, 
even though this damages the physiology of childbirth 
(see Box 14.4).

Fifth critical point

The fifth critical point is represented by the difficulty in 
correctly predicting the interaction between the two fac-
tors of childbirth that are crucial in achieving a eutocic 
outcome for both mother and child (ratio between birth 
canal and size of the fetus).

Basically, we know that the prediction of fetal weight by 
ultrasound measurement of standard fetal parameters—
head, abdomen, legs—in 68% of cases is within 10% of the 
weight calculation determined by ultrasound calculation 
and in the remaining 32% can exceed this value. On the 
other hand, all the studies that have compared the ultra-
sound estimate with the objective estimation of the fetal 
weight have shown an even lower degree of accuracy.

Interesting prospects, in terms of accuracy, have 
emerged from the studies that associate ultrasound param-
eters to the biological data of mother and fetus (including 
its sex). Therefore, the error of 10% applies to over 80% of 
cases and, consequently, the average error for each single 
fetus is reduced [15–17].

In an integrated assessment of the risk of fetal pelvic 
disproportion, the ultrasound assessment of nontradi-
tional parameters, such as fetal subcutaneous tissue, plays 
an important role [18,19].

Semiotics, in the estimate of the normality of the pelvis, 
is based on traditional, inaccurate, and reproducible crite-
ria. The evaluation of the physical maternal type—height, 
ethnicity—is probably an anamnestic–objective element, 
that is to be considered a risk factor in the clinical assess-
ment of the individual case [10] (see Box 14.5).

SHOULDER DYSTOCIA
The cognitive “dissection” of the factors of childbirth—
canal, fetus, contractions—and of childbirth phenomena, 
into maternal or dynamic, maternal–fetal or mechanical, 
fetal or plastic, is essential for focusing on each of the ele-
ments that contribute to the evolution of childbirth and, 
conversely, for properly diagnosing and treating dystocia. 
In terms of shoulder dystocia, the mechanisms by which 
the human fetus passes through the birth canal must be 
perfectly known. Indeed, therapeutic maneuvers aimed at 
preventing complications (even serious ones) (Table  14.2) 
should not be a mnemonic sequence of gestures or passed on 
through direct experience without any critical evaluation.

Therapies, in order to be successful, must be based on 
a correct diagnosis and must ensure that the bisacromial 
diameter, with the help of auxiliary forces, carries out the 
movements that it normally performs in the birth canal, 
and concurrent with the movements of the head. We also 
see that the purpose of the maneuver for extracting the 
rear shoulder is to allow engagement of the front shoul-
der at the superior strait, its progression and engagement 
under the symphysis. Shoulder dystocia or lack of shoul-
der engagement occurs at the superior strait (type I); lack 
of rotation and engagement of the shoulders occurs at the 
mid-strait (type II).

Definition of shoulder dystocia

The definition is implicit in the terminology itself. The use 
of this terminology would help the diagnosis and retro-
spective evaluation of cases and case studies.

Basically, it is a return to the general concept of the sec-
ond stage of labor of the human fetus and to the presence of 
a pelvic limit in the descent into the birth canal. Therefore, 
there is a return to the mechanisms that enable–disable 
the engagement at the superior and mid-straits.

Box 14.5 Summary of fifth critical point
 1. Acknowledge in an analytical way the risk factors 

specific to the individual case, of fetal–pelvic dispro-
portion and making responsible medical decisions. 

 2. Share with the patient the extent and the potential risks 
related to the various possible methods for the delivery 
and to the child. 

 3. At the same time know that, in patients at risk of 
dystonias, the expulsive period should be assisted by 
the more experienced physicians and obstetricians on 
duty to avoid the treatment of emergencies by less-
experienced physicians.

Box 14.4 Summary of fourth critical point
Deal with our anxieties with more study and experience 
and not with maternal–fetal therapies.

Table 14.2 Complications of shoulder dystocia

Maternal Postpartum hemorrhage
Recto-vaginal fistula
Diastasis of the symphysis pubis, with or 

without transient femoral neuropathy
Third- and fourth-degree lacerations
Uterine rupture

Fetal Brachial plexus palsy
Fracture of the clavicle
Fetal death
Fetal hypoxia, with or without permanent 

neurological damage
Fracture of the humerus
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A third type, commonly referred to as iatrogenic dystocia 
of the shoulders, must be added to the first two types. It is 
usually a lack of engagement at the superior strait caused by 
traction on the head before restitution. This makes it impos-
sible for the normally developed fetus to engage the bisacro-
mial diameter on the oblique diameter of the superior strait.

Prevalence of shoulder dystocia

Objectively determining the prevalence of shoulder dys-
tocia is not feasible, though it can help in understanding 
the risk factors.

The composition of the population—ethnicity, height, 
obesity, parity—and the prevalence of births by cesarean 
deliveries are essential determinants in the prevalence of 
this dystocia at childbirth. There is also uncertainty in the 
definition used in all recent works.

In countries with high prevalence of obese women and 
gestational diabetes, shoulder dystocia is a relatively com-
mon clinical event. In one review of 8000 nulliparous 
women in the urban area of Detroit [20], shoulder dystocia 
occurred in 0.8% of cases.

In urban areas of northern Italy, with a prevalence of 
cesarean deliveries of around 35% (10% above the North 
American level), shoulder dystocia can drop below 0.1%.

However, the definition proposed by Sokol [19] is the 
following: “impossibility of spontaneous disengagement 
of the shoulders caused by the impact of the front shoulder 
on the symphysis pubis.”

Assistance at labor and delivery in the United States is 
carried out by doctors. In addition, typical obstetric prac-
tice is frequently characterized by traction on the head 
before restitution. As a result, part of the dystocias that 
were not assessed were likely of iatrogenic origin. On the 
other hand, shoulder dystocia occurrences due to the lack 
of internal rotation were not included.

This is the prevalence in “natural” populations at child-
birth. Prevalence of shoulder dystocia instead was of 10% 
[21] in a Swiss multicenter series of 3356 fetuses weighing 
more than 4500 g.

Risk factors for dystocia

As can be seen from the analysis of the prevalence, all bio-
logical features linked to the development of macrosomic 
fetuses (previous macrosomia, in particular if it is caused 
by gestational diabetes and is therefore linked to truncal 
obesity, maternal obesity, and post-term pregnancy), as 
well as narrow pelvises (due to height, ethnicity, trauma) 
should be considered risk factors, as reported in Table 14.3.

It is interesting to note on the subject of risk factors, 
that Abramowicz et  al. [19] reported a close association 
between the distribution of subcutaneous fat, typical of 
diabetic macrosoma (size of fetal cheeks) and dystocia in 
the second stage of labor.

In a second stage of labor in which the mid-strait is over-
come through rotation, but is also due to accentuated plas-
tic phenomena—events that can be diagnosed due to the 
amount of time that elapses starting from when the patient 
feels pain due to the pressure on the pelvic floor muscles; 

this time should not exceed 2 hours, to avoid possible par-
tial overlapping of the fissures of the cranial bones and/
or caput succedaneum—vaginal operative delivery, subse-
quent difficult disengagement of the shoulders, as well as 
dystocia are all possible scenarios that must be dealt with 
by an experienced physician. The physician must be able to 
actively assist during an abnormal expulsive period.

Because the third period of the second stage of labor 
can have difficult dynamics, it is essential to have the most 
accurate information possible on the fetus (e.g., the esti-
mated weight when more than 4000 g, the possible con-
formation determined by diabetic megalosomia, which 
accentuates the development of the trunk relative to the 
head). The same can be for the mother, so as to not deal 
with a vaginal operative delivery of the fetal head with a 
high subsequent risk of shoulder dystocia.

DIAGNOSIS OF DYSTOCIA
First type

The diagnosis of shoulder dystocia due to lack of engage-
ment at the superior strait and to impact the anterior 
shoulder at the symphysis—shoulder dystocia of the first 
type—is typically characterized by the retraction of the 
head against the vulvar ostium after the expulsion (turtle 
sign). Restitution may be hinted at but is typically absent 
(Figure 14.11).

The objective impression that this type of dystocia 
immediately gives at its onset, is that of a single block 
between fetal body and birth canal. The diagnosis is com-
pleted by palpation (with flat hand) above the symphysis, 
in which normally the shoulder is perceived to be above 
the symphysis itself. In the clinical conditions in which the 
dystocia occurs, it is difficult if not impossible to be able to 
distinguish, at this stage, the shapes of the shoulders above 
the superior strait, from those in which the rear shoulder 
is beyond the superior strait, from which it may push the 
front shoulder even more above the symphysis.

Second type

Shoulder dystocia of the second type is characterized by 
normal disengagement of the head, absence of the “suction” 
effect of the head against the vulva, the restitution move-
ment, as well as the absence of external rotation, which 

Table 14.3 Risk factors for shoulder dystocia

Maternal Gestational diabetes
Pregnancy after term
Previous shoulder dystocia
Abnormal pelvic anatomy
Short stature

Fetal Suspected fetal macrosomia estimated 
weight > 4000 g

Related to labor Operative vaginal delivery (vacuum extractor)
Protracted active phase of the first stage
Protracted second stage of labor due to 

slowdown of the third phase
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should exactly correspond with the internal rotation and 
engagement of the shoulders at the mid-strait (Figure 14.12).

Prevention of dystocia

Even today, authoritative clinicians define shoulder dysto-
cia as an obstetric emergency that is not predictable, which 
can be held to be generally true. However, knowing the risk 
factors of every individual case is essential in establishing a 
prudent and respectful approach to the mother–child dyad.

SHOULDER DYSTOCIA THERAPY
Shoulder dystocia due to lack of shoulder 
engagement

The idea behind the therapy is that it must lead to the extrac-
tion of the fetal body in no more than 4 minutes [22]. Four 
minutes is 240 seconds, a very long time for someone who 
knows what to do and what to tell others to do in the deliv-
ery room. This time estimate is indirectly inferred from 
the navel–head phase in breech delivery assistance. This is 
the amount of time between when the navel overcomes the 
rima vulvae (and essentially occludes) and the head disen-
gages with the base deficit not exceeding −12 mmol/L.

We must however subtract from this time the effect of 
congestion of the cephalic extremity blood exposed to the 
atmospheric pressure, while the rest of the body continues 
to be subjected to a higher pressure.

Two hundred seconds are a very long time when one 
does not panic. After confirming the diagnosis and the 
type of shoulder dystocia, the assistants are to be gradually 
tasked with the therapeutic maneuvers, from the simplest 
to the most complex. For this to happen:

 a. The entire obstetric medical team must have a detailed 
knowledge, even if only theoretical, of shoulder dystocia 
and of the diagnosis and therapy protocols adopted. This 
knowledge must be learned through specific annual dis-
cussions, held annually (at least) on the protocol adopted, 
as well as through individual study of each operator.

 b. In cases at risk, the most expert doctor on duty must be 
present at the expulsive period. The same holds true for 
the obstetricians on duty. This will be possible if, during 
the evolution of the expulsive period, the risk elements 
that can lead to dystonia have been detected.

 c. In cases in which the risk could not be predicted, there 
is an even greater need for the physician to know which 
maneuvers to carry out. Any maternal or fetal trauma 
that occurs, provided it is not on the brachial plexus, is 
the result of therapies that have the goal of preventing a 
greater evil: cerebral damage due to asphyxia.

The second premise concerns the knowledge of the 
 following maneuvers: (a) “maternal” that affect the pelvic 
diameters and the soft parts, (b) maneuvers that can be per-
formed on the fetal trunk, and (c) maneuvers that can be 
performed on the fetal head. The maneuvers are to be coor-
dinated in order to obtain engagement of the shoulder and 
internal rotation, or disengagement of the posterior shoulder.

The third premise is that maneuvers passed on to us in 
the literature were born at a time when shoulder dystocia 
due to macrosomia could not be prevented with a cesar-
ean delivery, even in the event of a clearly macrosomic 
fetus >4500–5000 g.

Their effectiveness, therefore, is not based on criteria 
that we would nowadays define as strictly “scientific,” 
but on observations on their degree of effectiveness (and 
handed down clinically), or on epidemiological observa-
tions. This is what occurred, for example, with the maneu-
vers on the fetal trunk, introduced in the United States in 

Figure 14.11 Type I shoulder dystocia, in which the ante-
rior shoulder is blocked against the symphysis pubis.

Figure 14.12 Type II shoulder dystocia, in which the ante-
rior shoulder is blocked below the symphysis pubis, and the 
posterior is shoulder anchored behind the sacral promontory.
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the 1940s and which, in a decade, led to a marked reduc-
tion in the severe complications of shoulder dystocia [23]. 
Furthermore, the same definition frequently corresponds, 
in different traditions, to substantially different behaviors.

The first maneuver is the expansion of the mediolateral 
or paramedian episiotomy. The purpose is not to create 
more room behind the shoulders, which obviously cannot 
be achieved on the soft parts of the birth canal. Instead, 
this will facilitate any subsequent maneuver on the fetal 
trunk, as well as prevent third- and fourth-degree lacera-
tions. The purpose of this act is often misunderstood.

Gurewitsch even compares a type of median episiorec-
totomy, unknown to us, with nonepisiotomy, thus coming 
to the conclusion that episiotomy does not prevent compli-
cations of the pelvic floor and rectal lacerations [24].

Without performing anything other than normal assis-
tance, the obstetrician will attempt to counter-rotate the 
head, as if dealing with an iatrogenic dystocia. If this does 
not result in the rotation of the shoulders, the next step 
will be to perform the maneuvers related to the first type 
of dystocia (Figure 14.13).

The second maneuver is to move the pelvis of the patient 
to the edge of the bed, followed by the hyperflexion of the 
thighs toward the trunk by the obstetrician and a third 
assistant present in the room. The purpose of this maneu-
ver, named the McRoberts’ maneuver, is to increase the 
bony diameters (of the pelvic outlet) of the pelvis by mov-
ing back the promontory and bringing forward the sym-
physis (Figure 14.14).

According to some protocols, before performing this 
maneuver the thighs must be extended and the legs brought 
down toward the floor. The purpose of this movement is to 
move it caudally, in order to widen the anterior–posterior 
diameter of the superior strait. This maneuver was named 
after Scipione Mercurio and Welcher (Figure  14.15), but 
its effectiveness is not confirmed in more recent assisted 

Figure 14.13 Extension of the episiotomy (typical “tur-
tle” behavior of the head for the type 1 shoulder dystocia). 
(Modified from Malvasi A, Di Renzo GC. Semeiotica Ostetrica, 
Rome, Italy: CIC Edizioni Internazionali; 2012.)

Figure 14.14 McRoberts’ maneuver: the female pelvis is 
made to protrude from the delivery bed, while the staff assist-
ing the delivery hyperflexes the thighs toward the trunk of the 
mother.

Figure 14.15 Depiction of McRoberts’ maneuver, in home 
birth practice: the mother’s thighs were hyperflexed with a 
cloth that also maintains her legs in this position. (Modified 
from Malvasi A, Di Renzo GC. Ecografia intraparto ed il parto, 
Bari, Italy: Editori Laterza; 2012.)
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deliveries. It may be appropriate, however, to hyperex-
tend the woman’s lower limbs and then to hyperflex the 
thighs. In emergency situations, when only the obstetri-
cian is present in the delivery room, the hyperflexion of 
the patient’s thighs can be performed by the patient herself 
(Figure 14.16).

The patient must be brought to the position with hyper-
flexed thighs (hyperextension of the lower limbs). One of 
the assistants alongside the woman (the obstetrician or 
the second doctor in the room) must feel the shoulder in 
front of the symphysis and exert pressure toward one of 
the oblique diameters of the superior strait, typically to the 
right (Figure 14.17). This will facilitate the engagement of 
the anterior shoulder. At the same time the mother’s lower 
limbs are hyperflexed (legs on thighs and thighs on abdo-
men), increasing the mid-strait and inferior strait diam-
eters, which, if the pressure is able to engage the anterior 
shoulder, will assist in the progression. For fans of nomen-
clatures with the author’s name, we note that this maneu-
ver is called Rubin’s first maneuver.

The doctor must favor the engagement of the shoulder 
on the anterior–posterior diameter under the symphysis, 
with pulling and rotating movements of the head. This can 
occur only if there is a reasonable certainty of the engage-
ment of the shoulder. The engagement of the anterior 
shoulder can be diagnosed by palpating over the symphy-
sis and by the feeling of sliding of the shoulder into the 
superior strait, as well as by the corresponding improve-
ment in the retraction of the head against the vulva.

According to Gherman, who in 1997 [25] reviewed 
a case study of 250 cases of shoulder dystocia in 44,000 
consecutive deliveries, the sole McRoberts’ position solved 
40% of the dystocias. The cases resolved with the com-
plete maneuver, without the use of other therapeutic pro-
cedures, were, however, of fetuses of less weight than the 
more complex cases. In reading these results there is real 
doubt on the actual dystocia of the cases treated.

Traction on the head, however, is critically important. 
The maneuver consists of three synergistic components: 
widening of the pelvis, pressure applied on the fetal trunk–
shoulder from above the pubis, and traction on the head.

Figure 14.16 The patient on the delivery bed is able to 
perform the McRoberts’ maneuver on her own.

(a)

(b)

Figure 14.17 (a) Maneuver of suprapubic pressure to 
favor the positive engagement of the bisacromial diameter, 
in the case in which the anterior shoulder is anchored under 
the pubic symphysis; (b) completion maneuver, in which the 
anterior shoulder is released from the pubic symphysis, and it 
is possible to perform the traction of the head, without creat-
ing problems for the fetus.
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In delivery rooms where the staff is familiar with the 
Kristeller maneuver, it must be performed immediately 
after pressure has been applied and the shoulder has over-
come the symphysis, so as to not perform traction on the 
fetal head. Helping the engagement of the acromion under 
the symphysis with a downward pressure from the uterine 
fundus, reduces the need, even at a psychological level, of 
performing traction on the head.

The third maneuver regards the absolute necessity of not 
performing traction driven by panic and thus stressful on 
the head. The maneuver is guided by the need to not cause 
irreparable damage to the brachial plexus. At the same time 
it is important to know that a third maneuver of equal “sim-
plicity” can be put in place and focuses, of the three com-
ponents of the therapeutic action, on the fetal trunk. This 
reduces the pulling force to less than half of the force needed 
with pulling maneuvers for the same degree of dystocia [23].

This third maneuver, in some protocols, is the second. 
This maneuver (second maneuver of Rubin) consists of 
inserting two fingers of the right hand into the vagina 
on the posterior side of the shoulder blocked against the 

symphysis (Figure 14.18) and of trying to turn this shoul-
der toward the anterior oblique diameter, along with the 
effect of plastic reduction of the diameter in the displace-
ment of the shoulder toward the thorax.

The push on the anterior shoulder may be carried out 
in combination with an equal and opposite thrust on 
the posterior shoulder, thus favoring the screwing of the 
shoulders. If in doing so the engagement takes place, then 
the maneuver is successful, at which point we will exert 
force in order to favor internal rotation and engagement 
under the symphysis—suprapubic pressure, lowering of 
the head without traction.

This maneuver, in which pressure is exerted on the fetal 
trunk, corresponds, in hindsight, to the counter-rotation 
and rotation movements usually carried out by obstetrics 
in the presence of mild or iatrogenic dystocia. Applying 
rotations and counter-rotations in the presence of severe 
dystocia would exert strong pressure to the fetal neck 
(with severe outcomes), whereas in this manner the pres-
sure is applied to the fetal trunk (Figure 14.19).

The difficulty in comparing case studies in relation to 
diagnosis of admittance and to the treatment performed, 
is immediately apparent when comparing this sequence of 
maneuvers with those proposed on the American Congress 
of Obstetricians and Gynecologists (ACOG) website: the 
sequence is substantially identical. The only difference is 
that in the diagram the head is always shown in a complete 
external rotation position, which does not occur in severe 
shoulder dystocia of the first type, as we have seen.

The fourth maneuver (Jacquemier’s maneuver) is the last 
maneuver described in this paragraph. It should be used 
when the previous maneuvers fail, which occurs after at 
least 2 minutes of time have passed. In this case, you should 
perform without delay the maneuver for extracting the pos-
terior shoulder in order to reduce the diameter from bisa-
cromial to acromion–subaxillary. The reason why, as a rule, 
this maneuver on the fetal body follows the others, is that 
it is likely to lead to the breaking of the clavicle or of the 
humerus, but without exerting traction on the fetal head.

This maneuver consists of placing the right hand of the 
doctor in the vagina in posterior–inferior position to the 
fetal back, and searching for the fetal arm, which at times is 
placed behind the back. The flat hand of the doctor is pushed 
up to the wrist and to the first third of the forearm, in the 
case where the posterior shoulder is placed over the superior 
strait. At this point the fetal elbow and forearm are flexed 
with a traction and rotation movement to the outside and 
downward. This maneuver may result in the breaking of the 
humerus or the fracture of the clavicle. Often the fetus at 
this point spontaneously rotates and the anterior shoulder 
engages below the symphysis and can be disengaged.

On a practical level it must be emphasized that when the 
doctor, who is attempting to rotate the trunk using inter-
nal pressure, realizes that the resistance to rotation cannot 
be overcome, the Jaquemier’s maneuver must continue. 
Instead of inserting only two fingers proceed to immedi-
ately insert the entire hand and perform an energetic and 
continuous movement.

(b)

(a)

Figure 14.18 (a) Rubin’s II maneuver: the operator, with his 
fingers on the posterior part of the shoulder blocked against 
the symphysis, rotates the shoulder until he disengages it 
below the symphysis. (b) Supplementary maneuver to Rubin 
II, in which the obstetrician provides an equal and opposite 
thrust on the posterior shoulder, thereby facilitating the screw-
ing movement and a more favorable positioning of the bisa-
cromial diameter.
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(a)

(b)

(c)

Figure 14.19 Diagram of the second Rubin maneuver: (a) place two fingers on the posterior side of the shoulder blocked against 
the symphysis and try to rotate the shoulder toward the oblique anterior diameter; (b) this push on the anterior shoulder may be done in 
combination with an equal and opposite thrust on the posterior shoulder, thus favoring the screwing of the shoulders; (c) if this maneu-
ver is not successful, apply the force on the posterior surface of the posterior shoulder and try to rotate it 180° to below the symphysis.

 

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-15&iName=master.img-030.jpg&w=170&h=315
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-15&iName=master.img-031.jpg&w=207&h=296
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315373539-15&iName=master.img-032.jpg&w=207&h=302


Shoulder dystocia therapy 253

When the situation is such that none of the maneuvers 
lead to the afterbirth of the shoulders, there are “heroic 
maneuvers” described in the literature. During these 
maneuvers the head is repositioned by flexion and pressure 
from the bottom upward in the birth canal. An emergency 
cesarean delivery is performed, preferably obtained with 
longitudinal incision of the abdominal wall and uterus to 
allow an extraction of, initially, the fetal body and then of 
the head (Figure 14.20).

Failure of internal rotation, dystocia (type II)

In type II shoulder dystocia, the bisacromial diameter of 
the fetus is engaged in the oblique diameter of the superior 
strait, but does not perform internal rotation to engage in 

the anterior–posterior diameter of the mid-strait, bring-
ing the anterior shoulder under the symphysis pubis. 
The disengagement of the head is not followed by retrac-
tion toward the vulvar ring (turtle sign): the head moves 
away from the perineum and hints at the movement of 
restitution.

As in the first type of dystocia the premises previously 
mentioned are applicable and deserve to be pondered.

According to Pescetto, type I shoulder dystocias, 
resolved with one of the first three maneuvers of the pro-
tocol, can become a type II dystocia, with no subsequent 
internal rotation.

The first maneuver to perform, as in the type I dystocia, 
is the widening of the mediolateral or paramedian episi-
otomy so as to perform internal maneuvers on the body 
of the fetus.

The second maneuver is to perform ventral hyperflexion 
of the woman’s thighs (McRoberts’ maneuver, as described 
previously). This increases the anterior–posterior diame-
ters and, at the same time, by placing flat hands on the fetal 
head, facilitates the internal rotation of the shoulders. This 
is followed by engagement at the mid-strait and subsequent 
progression into the inferior strait. Some authors propose 
to exert a prolonged pressure, in the caudal direction, with 
the fist in the suprapubic region, in order to avoid exces-
sive traction on the fetal head. Kristeller’s maneuver is rec-
ommended only when both the internal rotation and the 
engagement in the mid-strait have taken place.

The third maneuver is to be employed when the maneu-
vers described above fail. In this case perform a rotation, 
with internal maneuvers, along with a slow lowering of the 
fetal head to bring the anterior shoulder under the pubic 
symphysis (Figure 14.21).

The fourth maneuver is used if ultimately, no resolution 
is found: try to bring the fetal body back up into the birth 
canal in order to apply Jacquemier’s maneuver.

Concluding remarks

The distinction in traditional Italian obstetrics of shoulder 
dystocia in the first and second types, ignored by Anglo-
Saxon authors (2002 ACOG guidelines) is not an erudite 
nosological abstraction, but reflects easily distinguishable 
pathological events, without the need for sophisticated 
semiotics: the first type of shoulder dystocia presents an 
evident and dramatic adhesion of the head against the 
rima vulvae, as soon as the spontaneous birth takes place 
by Kristeller or vacuum extraction. The head does not tend 
to show any movement of restitution, let alone rotation 
(Figure 14.22).

In the second type of shoulder dystocia none of this hap-
pens: the presented head has a nearly normal restitution, 
but it does not perform the consensual external rotation. 
The second consideration concerns the general therapy 
principles based on the application of force to the mother, 
to the head of the fetus and to the trunk–limbs of the fetus.

Ideally, forces applied to the head must be no greater 
than those applied during assisted vaginal delivery. 
Therefore in carrying out the sequence of therapeutic 

(a)

(b)

Figure 14.20 (a) The hand of the obstetrician reaches the 
wrist and the first third of the forearm, in case the shoulder is 
above the superior strait (type II dystocia). (b) The operator 
flexes the fetal elbow and forearm, with a traction and rotation 
movement to the outside and downward, while accompany-
ing the rotation of the head.
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movements it is recommended to initially apply maneu-
vers to the mother: hyperflexion of the thighs or external 
pressure on fetal shoulders (pressure applied above the 
symphysis) or internal maneuvers on the trunk–shoulders 
(rotational movements caused by the fingers). Traction 
on the head is to be banned and should simply serve to 
accompany the rotational movements of the shoulders.

Kristeller’s maneuver, which we consider as a maneu-
ver on the fetal trunk, should be performed only when the 
acromion rises to the symphysis, in order to be certain that 

the brachial plexus is not compressed against the symphy-
sis itself.

The reduction of the bisacromial diameter to acromion 
axillary diameter (with its frequent bone trauma) must 
immediately follow the previous internal maneuvers, 
whenever these are not sufficient to carry out the neces-
sary rotations to the fetal trunk.

In extreme cases, it may become necessary to fracture 
the clavicle to immediately reduce the bisacromial diam-
eter and disengage the shoulders (Figure 14.23).

Zavanelli maneuvers

In certain dramatic cases the doctor may face a stop in the 
progression of the presenting part inside the female pelvis. 
In order to quickly resolve this delicate situation, it will be 
necessary to try to move the fetal head back up into the 
abdomen, in order to remove the fetus with an emergency 
cesarean delivery.

This type of movement can be performed through the 
Zavanelli maneuver [26]. It is an extreme and not fre-
quently performed maneuver, in which the head may be 
outside the rima vulvae. It is performed for type II shoul-
der dystocia, that is when the fetus has been “expelled” 
and is beyond the rima vulvae with shoulders above the 
superior strait.

In this case the anterior shoulder is located below the 
symphysis pubis and the posterior shoulder is above the 
promontory. An emergency cesarean delivery is carried 
out to try to rapidly perform a vertex or breech extraction 
of the fetus, while the assistant tries to bring the head back 

Figure 14.22 Kristeller’s maneuver, in case of type II dys-
tocia. The fetal head does not present restitution and rotation 
movements (arrows).

Figure 14.23 Clavicle fracture maneuver during shoulder 
dystocia.

Figure 14.21 Third Rubin maneuver or reverse Rubin 
maneuver with downward pressure on the fetal head with flat 
hand.
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into the pelvic cavity (Figure 14.24) and free it from the 
suffocating vulvovaginal grip [27].

The consequences of the Zavanelli maneuver on the 
newborn can be far more serious: some authors report 
injuries to the fetal column at a cervical level, or even the 
death of the fetus in the attempt to reposition the present-
ing part in the abdomen. Moreover, to reduce the extent of 
the Zavanelli maneuver, other authors have proposed to 
partially reposition the head in the vaginal canal. This is 
an attempt to rotate the shoulders with the McRoberts’ 
maneuver, so that the fetus can then be extracted from the 
laparotomy wound [28].

The Zavanelli maneuver, however, is the last obstetric 
opportunity to resolve in a relatively short amount of time 
a compromised situation [29].

Brief emergency protocol for shoulder dystocia

If you are in the presence of a suspected shoulder dysto-
cia, you need to call immediately for qualified help and 
proceed to the following initial steps: if the emergency 
provides for the time, call in the most experienced doctor 
on duty to the delivery room; otherwise proceed with the 
necessary interventions.

Check the clock of the delivery room, confirm the diag-
nosis, mentally review all the maneuvers that we may be 
called to perform. Do not let panic control your actions.

Let us summarize, point by point, the maneuvers to be 
implemented.

Episiotomy

Perform or complete a large paramedian episiotomy to 
allow internal therapeutic maneuvers.

Hyperflex the thighs on the abdomen (Mc Roberts’ 
maneuver) with suprapubic pressure (if required)

Hyperflex the thighs on the trunk by the obstetrician 
and assistant present in the room, to increase the bony 

diameters of the pelvis by pulling back the promontory 
and bringing forward the symphysis. Exert direct pressure 
(with the fist) toward one of the oblique diameters of the 
superior strait and then direct caudally, while helping the 
anterior shoulder engage and progress. Concurrently per-
form a gentle traction and rotation of the fetal head toward 
the posterior perineum.

Internal maneuvers

Exert pressure on the shoulders with two fingers deep in 
the vagina, to facilitate the rotation of the anterior shoul-
der in an oblique diameter and below the symphysis.

Jacquemier’s maneuver

Remove the rear arm from the birth canal and move the 
hand up the vagina, flex the fetal elbow and forearm with a 
traction and rotational movement directed externally and 
downward.

CONCLUSIONS
In the birth mechanism of the human species the birth of 
the head can be rightfully distinguished from the birth of 
the shoulders.

Comparative anthropology has shown that, much more 
so than in primates, dystocia (and of the shoulders in par-
ticular) is a frequent phenomenon in the human species. 
One of the main causes of dystocia in the human species 
is the volume of the fetal head, greater than that of other 
animal species. Another cause is the greater complexity of 
the female pelvis compared to those of other species.

Shoulder dystocia is not currently preventable, unless 
certain risk factors are taken into account (e.g., diabe-
tes, obesity, fetal macrosomia, abnormal pelvis, maternal 
height).

It is important in diagnosing shoulder dystocia to dis-
tinguish the type. (Type II is the most severe.)

All obstetric teams should simulate this obstetric emer-
gency which, although rare and unpredictable, is poten-
tially dramatic. Shoulder dystocia “therapy” is based on 
several maneuvers, and requires perfect medical organiza-
tion in the delivery room.
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…the more living beings are organised the 
fewer the descendants; therefore, in humans, 
who are highly developed, pregnancy and 
multiple births are relatively rare

(H. Marzius, Trattato di Ostetricia, 1953)

INTRODUCTION
Multiple pregnancies are an infrequent obstetric event. 
They represent 1% of all pregnancies, two-thirds of which 
are dizygotic, while one-third is monozygotic. The num-
ber of multiple pregnancies is on the rise due in part to 
an increase in the number of pharmacologically induced 
pregnancies, but also because of a more widespread use of 
assisted fertilization techniques.

From a physiological point of view, all dizygotic twins 
and a third of monozygotic twins are dichorionic, while 
slightly over 20% of all twin pregnancies are monochori-
onic [1].

Twin pregnancies are generally characterized by prema-
turity, an increase in the incidence of uterine hypokinesia 
(resulting from uterine overdistension), postpartum atony, 
and placental abruption.

Monochorionic twins usually have a worse prognosis 
than dichorionic twins, with perinatal morbidity and 
mortality that is three to five times higher. In these fetuses 
the prenatal diagnosis of chorionicity is essential (Figure 
15.1) [2].

TWIN PREGNANCY: ETIOPATHOGENESIS
As mentioned, the number of twin pregnancies has 
been constantly increasing, which is reflected in a corre-
sponding increase in cesarean deliveries related to twin 
pregnancies.

These increases can be tied to several factors. One such 
factor is assisted reproductive techniques (ARTs), which 
involve monozygotic as well as dizygotic pregnancies. 
Unlike dizygotic twins, in which two distinct ovocytes are 
fertilized by two different spermatozoids, monozygotic 
twins are the result of the fertilization of a single ovocyte 
with formation of a single zygote. In the first days after 
fertilization the ovule divides into two cellular entities 
that grow independently, each one generating a complete 
individual [3].

Therefore, the outcome for these types of twins depends 
on when the zygote division took place. In other words it 
depends on the amount of time between fertilization of 
the ovocyte and its division.

Contrary to what is widely believed, monozygotic 
twins occur sporadically, as no environmental factor is 

currently known to induce the duplication of the embryo. 
Duplication can, however, be achieved in the early stages 
of development through biological embryonic techniques, 
as is the case of multifetal pregnancies that originate from 
ARTs.

The incidence of multifetal pregnancies with the use 
of human menopausal gonadotropin (HMG) is approxi-
mately 8%, and the incidence with the use of clomifene 
is 1%. In case of in vitro fertilization (IVF) and gamete 
intrafallopian transfer (GIFT), it depends instead on how 
many gametes and embryos were transferred.

The overall incidence of multiple pregnancies is 3.5% 
for IVF (Figure 15.2) and 5% for GIFT. In the United 
States in recent years there has been a 33% increase in 
twin pregnancies and a 100% increase in triplet and mul-
tiple pregnancies. The incidence of triplet pregnancies in 
women over 35 years of age, who represent most patients 
who undergo IVF or GIFT programs, has increased by 
179% [5].

From an embryogenetic point of view, monozygotic 
twin pregnancies are dichorionic diamniotic if the zygote 
divides within the fourth postconceptional day: in this case 
two separate placentas, which may be fused together, will 
form, as well as two chorionic sacs and two amniotic mem-
branes, which wrap around the respective embryos.

If the division of the embryo occurs between the fourth 
and eighth days of development, the placentation will be 
diamniotic monochorionic: there will therefore be only 
one placenta, one chorionic sac, and two amniotic mem-
branes. In case of a monochorionic monoamniotic twin 
pregnancy, the division of the embryo occurs after the 
eighth day of development. This type of pregnancy repre-
sents 5% of all monochorionic pregnancies and presents 
a single amniotic cavity and a single placenta from which 
originate two umbilical cords inserted very close to one 
another [6].

From an epidemiological point of view, dizygotic twins 
are always dichorionic and are more frequent in women 
over 35 years of age. This is due to the levels of gonado-
tropin (FSH and LH) present during this period of the 
woman’s life. There is then the hereditary component in 
some families in which these gestations are likely to occur. 
Last, this can be due to the administration of drugs that 
induce ovulation.

In any case, whether it be monochorionic or dichori-
onic, twin pregnancies are always at greater risk than 
single fetus pregnancies due to the frequency of obstetric 
complications, and therefore need to be carefully moni-
tored through clinical tests, ultrasound tests, and (at least 
monthly) flowmetry tests [7].
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ULTRASOUND DIAGNOSIS OF PLACENTA 
IN TWIN PREGNANCY
The diagnosis of multiple gestation must be performed 
early, possibly during the first diagnostic ultrasound 
examination of pregnancy, and after the sixth or seventh 
week of amenorrhea. This diagnosis must take place even 
though the diagnosis of chorionicity, amnionicity, and 

zygosity is not always easy during the first ultrasound 
check.

Advances in ultrasound techniques and instruments 
have resulted in modern high-resolution ultrasound 
equipment capable of detecting well in advance the type 
of placentation in multiple pregnancies, with reliability 
around 95%.

The essential elements of an ultrasound examination 
are the number of placentas, the amniochorionic mem-
branes, the thickness of the interamniotic septum, and the 
search for the “lambda” sign that corresponds to the dupli-
cation of the chorionic layers/membranes in the placental 
insertion point.

The additional identification of the discordant gender of 
the twins will help in the differential diagnosis of zygos-
ity. The main difference in twin pregnancies is chorionic-
ity and amnioticity, as monoamniotic twins are more likely 
to present a greater number of malformations than other 
pregnancies.

The main anatomical–clinical conditions are biovular, 
diamniotic, and dichorionic twins (Figure 15.3); biovular, 
diamniotic, and monochorionic twins (Figure 15.4); mono-
chorionic, monovular, and diamniotic twins (Figure 15.5); 
and monochorionic, monoamniotic, and monovular twins 
(Figure 15.6).

The diagnosis of a monozygotic twin pregnancy can be 
determined with certainty only when the monochorionic 
pregnancy is indisputable. The diagnosis of a dizygotic 
pregnancy can be performed only in case of dichorionicity 
and different genders.

A diamniotic dichorionic pregnancy with concordant 
gender can be monozygotic: in these cases the patient 
will need accurate echocardiographs due to the high inci-
dence of malformations that are typical of a monozygotic 
gestation [9].

Figure 15.2 Dichorionic diamniotic twin pregnancy with 
fetuses in cephalic presentation during an elective cesarean 
delivery, in post-ART pregnancy.

Figure 15.1 Monochorionic diamniotic twin pregnancy with rupture of the first amniotic sac and extraction of the first twin in 
breech presentation.
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It is easy to differentiate a dichorionic from a monocho-
rionic gestation in the first trimester, as the septum that 
differentiates the two sacs is clearly visible. It is rather dif-
ficult instead to differentiate monochorionic diamniotic 
gestation from monochorionic, monoamniotic gestation 
(Figure 15.7). This diagnosis can in fact be performed with 
a transvaginal probe and, in particular, by counting the 
number of vitelline sacs, the same as the number of amni-
otic sacs.

The amnionicity of a twin pregnancy, in a more 
advanced gestational stage and after the first trimester, can 
be identified using an ultrasound image of fused placentas 
with the help of the fetal gender: in the event of concordant 

gender the thickness of the amniotic septum must be eval-
uated, even if in a completely subjective manner.

If the membrane that separates the twins is not visu-
alized in the second and third trimester, this should not 
lead to a hasty diagnosis of monoamnionicity, if it has 
not already been diagnosed in the first trimester. In fact 
in case of twin transfusion syndrome, the transfuser fetus 
may present significant oligohydramnios, to the point that 
the amniotic membranes appear crowded together and 
indistinguishable [10].

In order to safely establish a diagnosis of chorionicity, 
amnionicity, and zygosity, it is best to follow a diagnostic 

(a)

(b)

Figure 15.4 Biovular, monochorionic, diamniotic twin 
pregnancy: the “lambda” sign, corresponding to the duplica-
tion of chorionic layers in the placental insertion point, is vis-
ible (a), and for this reason the fetuses have separate amniotic 
sacs and chorions but shared decidua (b).

(a)

(b)

Figure 15.3 Biovular, dichorionic, diamniotic twin preg-
nancy: the fetuses have separate amniotic sacs, chorions, and 
deciduas. (a) Second trimester pregnancy. (b) Sagittal section 
of uterus during a cesarean delivery.
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procedure that can in part change depending on the ges-
tation period in which the ultrasound examination is 
performed.

DIAGNOSTIC PROBLEMS OF TWINS 
AND ANASTOMOTIC RISK
In case of a multiple pregnancy, in addition to the obstetric 
complications common in all twin pregnancies, the prog-
nosis for monochorionic twins is worse than for dicho-
rionic twins. This is due to malformations of one or both 
twins as well as vascular anastomosis in the placental areas, 
as all twin monochorionic pregnancies have vascular com-
munications that connect the fetal circulations [11].

Venovenous and arterio-arterial anastomoses are 
superficial bidirectional communications located on the 
surface of the chorionic plate and constitute direct com-
munications between the arteries and veins of the two 
fetal circulations.

They allow a flow in both directions and are found in 
75% of monochorionic placentas, whereas venovenous 
anastomoses are found in only 20% of monochorionic 
placentas. Their role is not fully understood, though they 
seem capable of balancing any interfetal transfusions, 
albeit to a lesser degree than in venovenous anastomoses.

Venovenous anastomoses take place at the level of the 
placental cotyledons, which receive arterial blood from 

(a)

(b)

Figure 15.6 Monovular, monochorionic, monoamniotic 
twin pregnancy (with shared chorion, decidua, and amniotic 
sac). (a) Second trimester pregnancy. (b) Sagittal section of 
uterus during a cesarean delivery.

(a)

(b)

Figure 15.5 Monovular, monochorionic, diamniotic twin 
pregnancy (with shared chorion and decidua, but separate 
amniotic sacs): (a) second trimester pregnancy and (b) sagittal 
section of uterus during a cesarean delivery.
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one twin and provide blood to the other, creating a unidi-
rectional flow with interfetal transfusion [12].

TWIN PREGNANCY WITH DEATH OF A TWIN
The intrauterine death of a twin occurs in 2%–5% of twin 
pregnancies and in 14%–17% of triplet pregnancies. This 
pathology affects monochorionic twins with a frequency 
three to four times greater than in dichorionic twins and is 
more common when one of the two fetuses has anatomical 
anomalies.

When the fetus dies in the late first trimester or in the 
early stages of the second trimester of gestation, the fetal 
remains appear as a small cystic shape that contains the 
“fetus papyraceus” (Figure 15.8) next to the placenta of the 
surviving fetus.

The remaining or surviving fetus constitutes the main 
problem as the risk of morbidity and mortality ranges from 
20% to 47% in various case studies and is tied to gestation 
chorionicity: more than 12% of monochorionic twins that 
survive the death of the second twin have various degrees 
of neurological and extraneurological damage [13].

The reason for this has never been determined, but the 
leading hypotheses all converge on the embolization of 
tissue products, similar to thromboplastin, by means of 
placental anastomosis with acute hypertension, deriving 
from massive blood transfusion from the surviving fetus 
to the deceased fetus, due to the existing pressure gradient.

From a physiopathological point of view the neuro-
logical damage consists of cerebellar necrosis, hydran-
encephaly, cerebral infarction, microcephaly, multicystic 
encephalomalacia, porencephaly, and spastic quadriplegia.

Extraneurological damage includes intestinal atresia, 
renal and pulmonary necrosis, and hepatic and splenic 
infarction [14].

The management of the twin’s death varies in relation to 
the gestational age during which the fetal death occurred, 
the cause of death, and the chorionicity of the twins.

In the event of dichorionic twins, the absence of placen-
tal anastomosis improves the prognosis for the surviving 
twin, by allowing the continuation of the pregnancy until 
the pulmonary maturity of the fetus is achieved. If the ges-
tational age at which the fetal death occurs is instead over 
37 weeks, an urgent cesarean delivery is indicated.

In the event of monochorionic twins, the outcome for 
the surviving twin changes in relation to organ damage 
and preterm delivery damage. The choice of whether to 
continue the gestation or induce childbirth is tied to the 
gestational age at which the fetal death occurred and must 
be done in agreement with the wishes of the couple.

If a twin dies during the second trimester, the par-
ents must be aware of the possible neurological and 

Figure 15.7 Monochorionic, monoamniotic twins with extraction of the first twin in breech presentation, buttocks variant.

Figure 15.8 Fetus papyraceus at 37 weeks of gestation; 
after placental removal the fetus that had prematurely died 
appears.
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extraneurological damage to the surviving fetus, which 
may occur even weeks after the death of the second twin. 
Maternal risk is instead associated with the retention of 
abortive material and the onset of consumptive coagu-
lopathy (for this reason it is recommended to constantly 
monitor the hemocoagulative profile of the pregnant 
woman) [15].

TWIN TRANSFUSION SYNDROME
As previously discussed, arteriovenous placental anasto-
moses result in a unidirectional blood flow with interfe-
tal transfusion. In case of intraplacental reduction or the 
absence of bidirectional compensating vascular commu-
nications (of the superficial or deep, venovenous or arte-
rio-arterial type), there is an imbalance of the interfetal 
blood flow, with hemodynamic instability and appearance 
of the twin transfusion syndrome (TTS) caused in part by 
discordant or asymmetrical development of the chorion 
[16]. This syndrome was defined for the first time in 1947 
by Herlitz who observed anemia in one fetus and polycy-
themia in the other.

From a physiological point of view, the greater the 
placental anastomoses, the less likely it is that TTS will 
develop. TTS will establish itself only when the blood that 
passes through the arteriovenous shunt cannot return 
from the transfused fetus to the donor.

In the traditional TTS, the donor twin becomes pro-
gressively anemic, hypotensive, and hypovolemic, with 
oligohydramnios and intrauterine growth restriction 
(IUGR). At the same time, the recipient or acceptor twin 
becomes polycythemic, hypertensive, and hypervolemic 
with severe polyhydramnios.

Looking at it from an epidemiological point of view, 
more recent data show that TTS affects approximately 
20% of monochorionic twin pregnancies. The onset period 
for TTS varies. It develops more frequently between the 
16th and 25th weeks, and leads to the loss of both fetuses. 
It may also develop during the third trimester, with the 
only clinical condition being the discordant growth of the 
twins. In rare cases TTS may appear at the time of deliv-
ery, and its severity may vary, as neonates may have simi-
lar weight and length, but while one may be anemic and 
hypovolemic, the other may be polyglobulic and hypervol-
emic. This peripartum type rarely results in the simultane-
ous death of both fetuses [17].

There are acute and chronic forms of TTS. The “vanish-
ing twin” syndrome is considered an acute form of TTS in 
the first trimester of pregnancy. If an acute form of TTS 
occurs in the second or third trimester of gestation, it may 
cause the death of one or both of the twins.

In the chronic form of TTS, the transfusion of blood 
from one fetus to the other occurs over a long period of 
time: the donor twin is hypovolemic and anemic, and 
displays growth delay and oligohydramnios. In the worst 
case, the donor twin can die in the uterus and appear at 
birth as a papyraceus fetus, while oligohydramnios pushes 
the donor twin to the uterine wall until it apparently 
adheres to it.

The transfused twin is hypervolemic, displays normal or 
increased biometrics, and can develop cardiac hypertro-
phy and congestive heart failure. Generally, the increase 
in urine production of the fetus results in polyhydramnios 
that rapidly worsens and is also responsible for the onset 
of preterm labor [18].

Characteristics of the TTS syndrome include diamni-
otic monochorionic twins, biometric disparity between 
twins (AC/AC > 20%), biometric disparity between amni-
otic sacs, biometric disparity (diameter) between umbilical 
cords, and hydrops, visceromegaly, and polyhydramnios of 
the recipient twin. The prognosis for early TTS syndrome is 
extremely grim, with perinatal mortality above 70%. Even 
in the case of intrauterine twin survival, cerebral lesions, 
which are more frequent in the event of endouterine fetal 
death, may occur.

The mechanism of cerebral, cardiac, and renal lesions of 
the surviving twin is apparently tied to the sudden hypo-
tension that occurs at the time of death of the other twin. 
Hypotension is secondary to the fall in pressure in the cir-
culatory system of the dead fetus and to the subsequent 
pressure imbalance, with sudden flow of blood from the 
live fetus to the dead fetus [19].

When this occurs the noninvasive therapeutic proce-
dures (with very poor outcome), which vary depending on 
the gestational age during which the condition occurred, 
include the possibility of waiting or of providing medi-
cal treatment with indomethacin and digoxin. In case of 
invasive procedures, amnioreduction (evacuative paracen-
tesis), selective feticide, or photocoagulation of placental 
vascular anastomosis can be performed.

Amnioreduction is a symptomatic treatment that 
extends pregnancies affected by TTS by diminishing uter-
ine overdistension and the risk of preterm labor: poly-
hydramnios, which exerts a greater hydrostatic pressure 
than the fetal venous pressure, would worsen TTS and 
obliterate the superficial anastomoses among the placental 
circulations. Decompression with evacuative paracentesis 
would therefore help restore a new hemodynamic balance 
through new placental anastomoses.

Others have also attempted septostomy, which con-
sists of creating a wide communication between the 
amniotic sacs. This improves amniotic fluid flow from 
the compartment of the recipient twin to that of the 
donor, as well as achieves a substantial balance of pres-
sure, even though this method provides inadequate 
results due to the complications tied to artificially cre-
ated monoamnionicity.

The percentage of fetal survival with selective feticide 
cannot be greater than 50%, unless the intervention is per-
formed by clamping the umbilical cord. The risk of a ret-
rograde hemorrhage toward the placenta of the dead fetus 
and the risk of neurological impairment of the surviving 
twin are both present.

Selective photocoagulation of placental anastomoses is 
performed with fetoscopy and involves both the anastomo-
ses on the vascular equator as well as arteriovenous anas-
tomoses. Unfortunately, in most cases the anastomoses 
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in the placental area are deep and thus cannot be reached 
with a laser.

Little data on the outcome of fetuses that survive inva-
sive treatment of TTS are available in the literature, as 
the main concern of prenatal treatment of TTS is that the 
extension of pregnancy might cause the survival of fetuses 
with severe neonatal and infantile complications [20].

MATERNAL RISK IN THE COURSE OF A 
CESAREAN DELIVERY
In addition to the above-mentioned fetal risks, twin preg-
nancies may present maternal complications with vary-
ing degrees of severity. In the first trimester of pregnancy 
there is an increase of nausea and vomiting, a greater risk 
of miscarriage and anemia, and significant increase of the 
plasma volume [21].

The risk of developing preeclampsia is five times greater 
in primigravid women with twins, while the risk for mul-
tigravida women is 10 times greater than for single preg-
nancies [21].

Furthermore, the risk of gestational hypertension seems 
to be higher for monozygotic twins. Postpartum hemor-
rhage is more frequent in twin pregnancies and seems 
to be caused by the larger placental insertion area and 
by uterine overdistension, with an increased tendency to 
atony in the early puerperium [22].

INTRAUTERINE GROWTH DELAY 
IN TWIN PREGNANCIES
Intrauterine growth restriction (IUGR) is very common in 
twin pregnancies with an incidence that varies from 25% 
to 33%: it is defined in terms of fetal biometrics (below the 
10th percentile compared to the expected measurement of 
a single fetus for a given gestational age) and in terms of 
difference in the growth of the twins above 20%.

IUGR may involve one or both of the twins and is due to 
placental insufficiency and to other problems that are spe-
cifically related to twin pregnancies: a fetus can be small 
due to reduced blood flow, twin transfusion syndrome, or 
fetal malformation.

A fetus that is small due to reduced blood flow grows 
until 24–26 weeks at the same rate as a single fetus, but this 
is then followed by a reduced growth rate [23].

A biometric increase of 150 g a week is considered nor-
mal after the 26th week of gestation. For triplet pregnan-
cies an increase of 100 g a week is considered acceptable 
(and so on in case of multiple pregnancies).

If the reduction in fetal growth occurs before the 24th 
week, one must consider the possibility of a malformed 
fetus, of the twin transfusion syndrome, or that a fetus in 
a twin pregnancy can at times display regular flowmetry 
while the other fetus is in distress [24].

MULTIFETAL PREGNANCY AND EMBRYONIC 
REDUCTION
The problem of multiple pregnancies and associated 
pathologies is extremely topical: in 85% of triplet pregnan-
cies the birth is premature, with an average gestational age 

of 33 weeks. Neonates born before 32 completed weeks are 
obviously at greater risk of perinatal mortality and of seri-
ous long-term outcomes, while 25% of all triplet pregnan-
cies end before 32 weeks of gestation are completed and 9% 
end before the 28th week [25].

The average gestational age at birth in quadruplet preg-
nancies is 29 weeks, whereas in pregnancies with a greater 
number of fetuses early fetal losses almost always occur. 
Although the percentage of preterm births varies in most 
case studies, there is a clear risk of extreme prematurity 
with severe long-term outcomes [26].

The limitation of multiple pregnancies is an extremely 
important and relevant problem that can be addressed in 
the preconceptional stage by regulating assisted fertiliza-
tion techniques and in the postconceptional stage through 
multifetal pregnancy reduction (MFPR).

MFPR has been proposed in recent years as an attempt 
to decrease perinatal mortality and at the same time to 
improve the outcome of surviving fetuses, even though it 
does not represent the “ideal” solution to problems asso-
ciated with multiple pregnancies. When performed by 
expert operators, MFPR poses a minimal risk of terminat-
ing surviving twin pregnancies and of maternal complica-
tions. It currently represents a reasonable alternative for 
those couples whose only choice in the past was to accept 
the risk of extreme neonatal prematurity or to terminate 
the pregnancy.

Although it is unanimously accepted that an unfa-
vorable outcome is directly proportional to the number 
of fetuses, there is still disagreement on the indications 
for the reduction intervention, as well as on the num-
ber  of fetuses to suppress. Some believe that the limit 
to look for should be pregnancies with four or more 
fetuses [27].

Currently MFPR is carried out transabdominally, as the 
transvaginal technique is subject to a high percentage of 
complications, in terms of fetal losses and infections, and 
therefore is only of historical interest.

There are greater technical problems before the ninth 
week of gestation due to the small size of the fetuses, 
the greater distance between fetuses and the maternal 
abdominal wall, and the limited resolution of transab-
dominal ultrasound in that stage. For these reasons the 
best period to perform MFPR is between the 9th and 
12th weeks [28].

The choice of which fetuses to reduce is based on ease 
of access to the amniotic sac, crown–rump length (CRL) 
measurement, chorionicity, and contiguity to the uter-
ine cervix. The need to avoid the suppression of the fetus 
closer to the cervix is tied to the risk of ascending infec-
tions. These infections are more likely to occur when the 
amniotic sac containing the nonviable fetus is contiguous 
to the cervical canal.

Reduction is achieved by reaching the fetal pericardial 
area with a spinal needle 20–22 G and injecting 0.2–0.4 mL 
of KCl; ultrasound monitoring is continuous, until asys-
tole is reached, and then continues for three more minutes. 
Obviously, patients who undergo embryo reduction must 
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be subjected to regular coagulogram checks for the risk of 
consumptive coagulopathy [15,22].

DIAGNOSIS OF FETAL LIE AND PRESENTATION 
IN TWIN PREGNANCIES
As mentioned, twin births are generally characterized by 
prematurity, an increase in the incidence of uterine hypo-
kinesia (resulting from uterine overdistension), postpar-
tum atony, and placental abruption. Uterine contractions 
(and therefore labor) in multiple pregnancies generally 
start before the presumed date of delivery. This increases 
the risk of premature delivery [29].

Because the fetuses have a reduced intrauterine size 
they are very mobile inside the uterine cavity and can be 
positioned in various ways, both in relation to each other 
and in relation to the uterus [30]. For this reason there are 
a high number of anomalous presentations in twin preg-
nancies, which can be summarized as follows:

• Longitudinal lie and cephalic presentation of both 
fetuses (50% of cases) (Figure 15.9)

• Longitudinal lie with one of the fetuses in breech presen-
tation (approximately 30%–40% of cases) (Figure 15.10)

• Longitudinal lie with breech presentation of both 
fetuses (approximately 8%–10% of cases) (Figure 15.11)

• Transverse lie of one of the fetuses (Figure 15.12)
• Transverse lie of both fetuses (Figure 15.13)

CESAREAN BIRTH IN THE COURSE OF 
A TWIN PREGNANCY
Vaginal delivery in the event of a twin pregnancy with 
both twins in cephalic presentation (Figure 15.14) and a 
gestational age greater than 34 weeks is generally consid-
ered safe. Not all authors, however, agree on vaginal deliv-
ery for twin births in cephalic presentation, as the twins 
may lock during the expulsion phase.

Twin pregnancies have, therefore, become a more 
common relative indication for cesarean delivery, in 
part due to the fact that these pregnancies originate 
from an ART technique, which makes them even more 
valuable. In the case of other pathologies, such as fetal 
pelvic disproportion or fetal distress, a cesarean deliv-
ery is definitely preferable [29,30]. In addition to the 
aforementioned indications, there may be numerous 
other indications for performing a cesarean delivery in 
the case of twins in cephalic presentation. These include 
placenta previa, excessive fetal weight gain, placental 
abruption, maternal infections, cardiovascular patholo-
gies, respiratory pathologies, renal pathologies, diabe-
tes, etc. Other indications of a cesarean delivery in the 
course of a twin pregnancy are cephalic presentation of 
the first twin and breech presentation of the second twin 
(Figure 15.15), while few authors disagree with a cesar-
ean delivery in case of breech presentation of both twins 
(Figure 15.16).

It is, however, always appropriate to evaluate the lie of 
the fetuses and the well-being of both fetuses and mother 

when deciding on the method of delivery. If the first twin 
is in breech presentation, this in itself is an indication for a 
cesarean delivery [31]. Nowadays, in the case of breech or 
transverse presentation of the second twin, with the first 
twin in cephalic presentation, a cesarean delivery is pre-
ferred. In fact, after vaginal birth of the first twin, compli-
cations can arise during the birth of the second twin in an 
anomalous presentation [32,33]. In any event many obste-
tricians, in order to avoid medical–legal complications, 
prefer to carry out the delivery of the twins with a cesar-
ean delivery whenever both fetuses are not in cephalic 
presentation.

The use of a cesarean delivery is motivated by the 
need to prevent traumas to the fetuses (usually prema-
ture and hypodeveloped) and must be proposed when-
ever anomalous twin presentations occur [34]. When the 
first twin is in breech presentation a cesarean delivery 
is still preferred due to the possibility of a breech pre-
sentation that is incomplete or complicated, or in case 

Figure 15.9 Twin pregnancy with longitudinal lie in 
cephalic presentation.
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the limbs are blocked (Figures 15.17 and 15.18). In case 
of transverse lie of one of the twins, the operator must 
perform internal version (Figures 15.19 through 15.21). 
In case of a twin pregnancy with vaginal extraction of 
the fetuses, there may be a “locking” of the monoamni-
otic twins during the expulsion. When this occurs the 
head of the first breech twin is locked with the head of 
the second cephalic twin (Figure 15.22). Another less fre-
quent complication that can arise in the cephalic presen-
tation of both fetuses is interlocking at the exit or entry 
point of the birth canal (Figure 15.23). The locking of the 
fetuses during a breech presentation is a rare occurrence, 
as delivery is performed abdominally (Figure 15.24). The 
combination of a fetus in a transverse lie and a fetus in 
breech position is more likely to result in locking. It is an 
unusual condition that can originate when both fetuses 
at the beginning of labor are in a longitudinal lie and one 
of the two fetuses moves to the transverse position dur-
ing advanced labor (Figure 15.25).

Another dystocic event that requires adequate prepa-
ration in the course of labor of twins in breech presenta-
tion is the “blocking” of upper limbs. When this occurs 

the blocked limb must be reduced before fetal extraction 
(Figures 15.26 and 15.27). The lower limbs may also be 
blocked, in which case they must be lowered before the 
fetus is extracted (Figure 15.28).

Before performing the cesarean delivery, the operator 
must also take amniochorionicity into account. In fact in 
diamniotic pregnancies it is easier to break the first sac, 
extract the first fetus and then determine the presentation 
of the second fetus, break the membranes, and extract the 
fetus. In monoamniotic twin pregnancies the operator 
instead must, through palpation, verify the easiest posi-
tion for extraction of one of the two twins and then carry 
out the delivery.

After fetal extraction the placenta must be extracted in 
a similarly differentiated manner: generally, if the preg-
nancy is monochorionic, the single placenta is larger and 
can at times be succenturiata. In case of dichorionic preg-
nancy the two placentas may be separate or partially fused 
together.

In any case the operator must carefully palpate the cav-
ity of the puerperal uterus to check whether any placenta 
residues were inadvertently left behind [29–34].

Figure 15.10 Twin pregnancy with longitudinal lie, in 
which the first twin is in cephalic presentation and the second 
twin is in breech presentation.

Figure 15.11 Twin pregnancy with longitudinal lie and 
bilateral breech presentation.
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Figure 15.12 Twin pregnancy with bilateral transverse lie. Figure 15.13 Twin pregnancy with transverse lie of a sin-
gle fetus.

Figure 15.14 Twin pregnancy with fetuses in cephalic presentation in the course of a cesarean delivery.
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Figure 15.15 Monoamniotic, monochorionic twin pregnancy with the first fetus in cephalic presentation and the second fetus 
in breech presentation.

Figure 15.16 Monoamniotic, monochorionic twin pregnancy with both fetuses in breech presentation.
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Figure 15.18 Monochorionic, monoamniotic twin pregnancy: the surgeon lowers the foot of the first twin to the uterine breech 
and then extracts the fetus with both feet lowered.

Figure 15.17 Monochorionic and monoamniotic twin pregnancy with the first fetus in breech presentation feet variant; the 
surgeon must search for the higher foot, grab, and lower it.
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Figure 15.19 Monochorionic, monoamniotic twin pregnancy with the first fetus in transverse presentation, inferior dorsum 
position, and second fetus in breech presentation; the surgeon grabs the foot of the first twin.

Figure 15.20 The surgeon rotates by 90° the fetus that is held by the lower limb (in this case the right limb).
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Figure 15.21 The surgeon brings the right foot toward the uterine breech and then moves the lower left limb in the same direc-
tion so that a breech presentation feet variant extraction can be performed.

Figure 15.22 Locking or collision of twins during vaginal extraction with the first fetus in breech presentation and the second 
fetus in cephalic presentation. This results in an emergency cesarean delivery in which the operator attempts to unlock the two 
twins while an assistant at the lower end pushes the twin to facilitate the unlocking maneuver.
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Figure 15.24 Locking or collision of twins in breech presentation: while the operator attempts to free the heads an assistant at 
the lower end facilitates the maneuver by pushing the first twin.

Figure 15.23 Locking or collision of twins in cephalic presentation: while the surgeon attempts to free the fetuses an assistant 
attempts to move back up the first wedged twin.
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Figure 15.25 Locking of the twins with the second fetus in transverse lie, superior dorsum position, and the first twin in breech 
presentation. The operator must perform internal version in order to free the twins, while the assistant at the lower end pushes the 
breech fetus to facilitate these extreme maneuvers.

Figure 15.26 Blocked upper right limb of the first fetus in breech presentation (see arrow).
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Figure 15.27 Lowering of the blocked limb after ventral rotation of the fetus.

Figure 15.28 Lowering of the lower left limb of the first fetus in breech presentation in a monochorionic, monoamniotic, and 
monovular pregnancy, with a maneuver similar to the Pinard maneuver.
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CONCLUSIONS
Twin pregnancies have become a relative indication for 
cesarean delivery, and their incidence has increased pro-
portionally to the number of multiple pregnancies result-
ing from assisted reproductive techniques [35,36]. The 
diagnosis of a twin pregnancy is performed with obstetric 
ultrasound before and during the labor of birth [37].

Fetuses in cephalic presentation are, however, an 
 indication for spontaneous delivery [38].

Cephalic presentation of the first fetus and breech pre-
sentation of the second fetus can lead to vaginal delivery, 
with special attention paid to the extraction of the second 
fetus [39].

Conversely, a breech presentation of the first fetus may 
result in the locking of the two fetuses, which may lead to 
a cesarean delivery for the second twin [40,41].

In twin pregnancies with both fetuses in breech and/or 
transverse presentation, cesarean deliveries are indicated 
and are done to avoid dangerous maternal–fetal complica-
tions [42].
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INTRODUCTION
Premature births are one of the greatest challenges of peri-
natal care, and are an important risk factor for neurologi-
cal impairment and disability. Premature birth constitutes 
the most frequent cause of perinatal mortality and mor-
bidity. About 70% of deaths that occur during the peri-
natal period among neonates without obvious congenital 
anomalies can be attributed to preterm birth. It not only 
affects the infant and the family, that must remain in the 
hospital for several months, but it is also a significant 
health-care system cost.

An estimate from the United States, a country in which 
500,000 preterm children are born each year, stated that 
$2 billion are spent each year for this problem. In addition, 
complications tied to prematurity, such as bronchopulmo-
nary dysplasia, retinopathy, intraventricular hemorrhage, 
necrotizing enterocolitis, and infections that can create 
chronic disabilities, also add to the long-term costs [1,2].

THE PRETERM NEONATE
Definition

The criteria that define “prematurity,” along with the 
 scientific and diagnostic progress in neonatology, have 
gradually been defined over the course of the twentieth 
century. Even though the role of “maturity” in the neo-
nate’s survival and subsequent development was unani-
mously recognized in the first half of the 1900s, the criteria 
for its definition were neither clearly identified nor agreed 
upon.

In 1935 the American Academy of Pediatrics, followed in 
1949 by the World Health Organization (WHO), assumed 
as the sole criterion for defining prematurity, a weight at 
birth of the neonate infant equal to or below 2500 g. This 
had the advantage of being a simple and economic crite-
rion. Over the years, however, clinical practice showed a 
great degree of variability in the clinical conditions of neo-
nates and in the relative therapeutic interventions needed 
for their survival. This constituted a barrier to the creation 
of guidelines for the treatment of the premature neonate, 
which could be applied to this entire category of patients. 
A more specific definition of prematurity was therefore 
needed, which had to include, at the least, a reference to 
the gestational age of the neonate.

In the early 1960s WHO redefined prematurity based 
on the following criteria:

• Weight at birth below 2500 g
• Gestational age below 37 weeks, corresponding to 

259 days of gestation (National Health and Medical 
Research Council [NHMRC], 2000) [3].

Prematurity was therefore differentiated based on both 
weight at birth and gestational age.

Neonates can be classified on the basis of weight at 
birth as

• LBW (low birth weight) with a weight between 1500 and 
2499 g

• VLBW (very low birth weight) with a weight between 
1000 and 1499 g

• ELBW (extremely low birth weight) with a weight 
between 500 and 999 g

A preterm fetus is any fetus born before the 37th week of 
gestation, and can be classified as

• Preterm <37 weeks
• Very preterm <32 weeks
• Extremely preterm <28 weeks

The greater complexity of this new definition of pre-
maturity is also reflected in the terminology. In fact, in 
1969 WHO replaced the term “premature” with “pre-
term,” underscoring that the definition was not based 
solely on the lack of maturation but also on the fact that 
the amount of time required to reach maturation was not 
achieved.

Advances in perinatal medicine allowed for an improved 
assessment of the gestational age of the fetus and facili-
tated the use of this new criterion (Table 16.1).

The gestational age determined from the early use of an 
ultrasound examination is more accurate than any other 
physical maturity point system attributed at birth.

A further step forward in defining prematurity, that 
would also be capable of categorizing the various cat-
egories of patients, was made at the end of the 1960s by 
Battaglia and Lubchenco [4]. They created a classification 
system with nine categories that combined the criteria of 
weight at birth with gestational age, and made use of the 
average prenatal growth curves.

This classification system has three general categories 
defined by gestational age:

• Term birth: >37 and <42 weeks
• Preterm birth: <37 weeks
• Post-term birth: >42 weeks

Each of these categories is subdivided into three sub-
categories based on appropriateness of weight at birth in 
relation to gestational age:

• Appropriate for gestational age (AGA)
• Small for gestational age (SGA)
• Large for gestational age (LGA)
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This differentiation is based on a statistical criterion: 
neonates with a weight below the 10th percentile of 
intrauterine growth curves are defined SGA, those with 
a weight above the 90th percentile are defined LGA, and 
those with a weight between the 10th and 90th percentile 
are considered AGA (Table 16.2).

In general, gestational age and weight at birth are 
inversely proportional to the increase in mortality and 
neonatal morbidity. In fact, most cases of mortality and 
morbidity are limited to “very preterm” neonates and in 
particular “extremely preterm” neonates.

Incidence

The overall incidence of preterm births in industrial-
ized countries has not decreased in the last 30 years and 
represents approximately 9%–10% of live births. Some 
evidence shows a slight increase in these births, though 
the percentage of births with a gestational age less than 
32 weeks has remained basically unchanged at around 
1%–2% [5].

Numerous factors have contributed to the overall 
increase in the incidence of prematurity, including the 
increase in multiple births, the increased use of assisted 
reproduction, and a greater number of obstetric proce-
dures. The apparent increase in preterm births can in part 
be explained by changes in clinical practice. One example 
is the ever-increasing use of ultrasound examinations to 
determine the gestational age, which has replaced the date 
of the last menstrual cycle. This increase can also be a result 

of the different classification systems used. This variabil-
ity is dependent on whether a certain country considers a 
live birth any child born with a very short gestational age 
(<24 weeks). Moreover, although the law requires that live 
births should be registered, there is subjectivity in distin-
guishing between a live birth and a fetal loss, especially 
when the infant dies immediately after birth.

In the past some of these fragile neonates were regarded 
as spontaneous abortions and thus were not registered as live 
births. In fact in the United Kingdom, since October 1992, 
the reduction of the minimal gestational age required for 
fetal deaths to be considered stillborn, may have resulted in 
a greater percentage of extremely preterm pregnancies being 
registered as live births. The limit for infants to be declared 
and registered as a preterm live birth has been reduced from 
28 complete weeks to 24 complete gestational weeks. At 
an international level, the limit varies from 22 gestational 
weeks in Japan, to 24 weeks in the United Kingdom, up to 
28 weeks in many other European countries. In the United 
States, each state has its own registration system, with a 
majority of states adopting a gestational age of 20 weeks as 
the criterion for establishing a fetal death [6,7].

In light of this some estimates can be unreliable in epi-
demiological terms, which can explain the differences in 
survival percentages and the long-term neonatal outcomes 
described in the literature [5].

PERINATAL EPIDEMIOLOGY
The hospital discharge form (HDF) was created in 1994 
and is now an established data collection tool used in hos-
pitalization centers. Almost 100% of public and private 

Table 16.1 Criteria for determining the gestational age 
and weight of the fetus

• The gestational age calculation based solely on medical 
history (last menstrual cycle) can be from −6 to +14 days 
removed from the real age.

• The menstrual history, corroborated by the ultrasound 
examination result, provides the best estimate for 
gestational age. Complete antenatal annotations, 
including pelvic examination in the first trimester, 
previous ultrasound examinations, and symphysis fundal 
height measurement should also be assessed.

• If the gestational age is unknown, it can be adequately 
estimated from the ultrasound examination result. The 
ultrasound examination is reported to be accurate in 
terms of gestational age to within 8 days in the first 
trimester and 20 days in the second trimester.

• The estimate of the weight with ultrasound is within 
10%–15% of the real weight and is a function of the 
amount of amniotic fluid, fetal position, and 
presentation, of the biometric data used to calculate the 
weight, and of operator experience. Utmost attention 
must be paid in the biometric examination in looking for 
congenital anomalies.

• Each maternal or fetal risk factor associated with the 
possible reduction in growth should be considered when 
interpreting the weight estimate.

Table 16.2 Definition of neonate according to the Società 
Italiana di Medicina Perinatale (SIMP) (Italian Perinatal 
Medicine Society)

Fetus with gestational age at birth between the beginning of 
the 23rd week (154th day or 22 complete weeks) and the 
end of the 36th week (258th day or 36 weeks and 6 days).

The neonate is defined “very preterm” if the gestational age is 
between 28 + 0 and 31 + 6 weeks and “extremely preterm” if 
between 22 + 0 and 27 + 6 weeks.

In relation to low weight at birth neonate infants are 
classified as
• LBW (low birth weight) weight between 1500 and 2499 g
• VLBW (very low birth weight) weight between 1000 and 

1499 g
• ELBW (extremely low birth weight) weight between 500 

and 999 g
Weight of neonate in relation to gestational age can be

• LGA (large for gestational age): high weight for 
gestational age (>90th percentile)

• AGA (appropriate for gestational age): appropriate 
weight for gestational age (between 90th and 10th 
percentile for gestational age)

• SGA (small for gestational age): low weight for 
gestational age (<10th percentile)
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structures make use of the form through which hospi-
talization stays can be precisely analyzed. Since 1997 
the HDF must also be compiled for healthy neonates in 
nurseries.

Since 1998 there has been a significant increase in neo-
nate registrations, which allow for specific analyses in the 
neonatal area. Since 2001 the data collected for babies 
discharged from the hospital have included information 
on the weight at birth. The coverage and quality of this 
information, however, does not allow complete prematu-
rity analyses. Moreover, it will soon be possible to use the 
information contained in the CeDAP (delivery assistance 
certificates), which will significantly improve overall peri-
natal assistance.

Neonatal hospitalization

Neonatal hospitalization data of neonates with patholo-
gies have been gathered by the Ministry of Health since 
1994. Since 1997 the same information has been gathered 
for all neonates in hospital nurseries, including “healthy” 
infants, as defined by law DRG 391. Neonates in the DRG 
classification system are mostly grouped in MDC 15, neo-
natal disorders and illnesses, which includes seven DRGs 
(from 385 to 391). DRG 391 does not uniquely iden-
tify a healthy neonate, in that it includes cases of minor 
pathological conditions which do not absorb significant 
resources.

The number of neonates in the HDFs since 1998 has 
increased due to improved reporting and correct codifica-
tion. This has increased the number of reported cases from 
330,500 in 1998 to 541,306 in 2001 [8].

Besides the epidemiological aspect, the percentage 
of pathological neonates is an indicator of data qual-
ity and correct codification. Some concern is raised 
by the regional variability of neonates considered “not 
healthy” in the HDF. One neonate out of two is not 
considered healthy in Molise and Basilicata, while this 
drops to one out of four in the Autonomous Province 
of Trento, Veneto, Emilia Romagna, and Valle D’Aosta 
(Figure 16.1). To this end, in order to assess the causes of 
neonate hospitalization in the first 28 days of life, let us 
examine the list of the top 10 DRGs in terms of  frequency 
(Table 16.3).

Since 2001 the weight of neonates hospitalized at 
birth has been a determining factor in the HDF record. 
The percentage of neonates with a low weight at birth is an 
important indicator of the health of the neonatal popula-
tion. This percentage is a general indicator of reproduc-
tive health (in this sense, it is an outcome indicator), but 
it also represents a risk factor (especially for neonates with 
a weight <1500 g) and is an indicator of the needs of this 
same category of subjects. It is also one of the parameters 
considered by WHO that has set a goal of 3.8% for the year 
2020 for this category of individuals.

The data from this indicator, as shown in the diagram, 
are incomplete. No data are available from three regions. 
A more precise analysis can be made when the CeDAP 
delivery assistance certificates are available (Figure 16.2).
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Figure 16.1 Percentage of pathological neonates 0–28 
days. (Data from Eurostat 2003; graph from Fortino A, Lispi 
L. Ospedalizzazione pediatrica in Italia, 2001, in http://www.
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Table 16.3 Top 10 DRGs in neonates with 0–28 days 
of ordinary hospitalization

DRG Description

Discharged

n. %

391 Healthy neonate 352,993 65.2
389 Full-term neonates with 

significant affections
57,039 10.5

390 Neonates with other significant 
affections

47,925 8.9

467 Other factors that affect health 
conditions

17,009 3.1

387 Prematurity with significant 
affections

12,465 2.3

388 Prematurity with significant 
affections

11,640 2.2

385 Neonates that are dead or 
transferred to acute care

7245 1.3

386 Neonates that are extremely 
immature or with respiratory 
distress syndrome

6070 1.1

137 Congenital cardiac and valvular 
diseases, age <18 years

4213 0.8

256 Other musculoskeletal system 
and connective tissue diagnoses

2391 0.4

Source: Fortino A, Lispi L, Ospedalizzazione pediatrica in Italia, 
2001, in http://www.salute.gov.it/imgs/C_17_pubblica-
zioni_999_allegato.pdf. With permission.
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Neonatal mortality

Perinatal mortality, both in the fetal as well as in the neona-
tal component, is in constant decline, though it still remains 
high in many industrialized countries, including in Italy [9]. 
In particular, following the drastic reduction in postnatal 
mortality (from 1 month to 1 year of life), currently around 
75% of infant-age (first year of life) deaths occur in the neo-
natal period (1 month) [10]. In addition, 50% of deaths that 
occur between 1 month and 1 year of life can be attributed 
to the same causes that lead to death in the neonatal period.

This explains the increasing attention paid to mater-
nal–infant care in the perinatal period, so that interven-
tions can be implemented that reduce both morbidity and 
mortality.

Infant mortality in Europe and Italy

Figure 16.3 shows the 2002 infant mortality rates from 15 
European countries. Infant mortality rate was used instead 
of neonatal mortality, as this parameter is less susceptible 
to variations in the definitions used in various countries. 
In consideration of the fact that 75% of infantile age deaths 
occur within 28 days of life, and that a significant portion 
of deaths that occur between 1 month and 1 year is due to a 
pathology that came about in the perinatal period, there is a 
tendency to identify this rate with the neonatal rate. Figure 
16.3 shows how much infant mortality in those 15 coun-
tries can vary, from 2.8% in Sweden, to 5.9% in Greece, 
with Italy having an intermediate value. Infant mortality 
has dropped 80% in Italy in the last 25 years, from 20.5‰ 
in 1975 to 4.7‰ in 2002 according to Eurostat data.

Considering only neonatal mortality, which constitutes 
the most significant portion of infant mortality, we can 
see that several regions in Northern and Central Italy have 
very low values (Friuli-Venezia Giulia and Autonomous 
Province of Bolzano 1.5‰ of live births, Veneto 2‰, 
Autonomous Province of Trento 2.1‰, Tuscany and 
Marche 2.3‰), with four Italian regions, prevalently from 
the South, that have values that are double: Sicily 4.8‰ 
of live births, Molise and Calabria 4.6‰, and Puglia with 
4.1‰ [8,9] (Figure 16.4).

A main factor in the reduction of infant mortality is a 
significant reduction in postnatal mortality (between the 
2nd and 12th months of life) and, albeit to a lower extent, 
of late neonatal mortality (between 7 and 30 days of life).
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In any event, neonatal mortality represents approxi-
mately 80% of infant mortality and the reduction of the 
incidence rates can be tied to several factors, for exam-
ple, the increased use, starting in the 1970s, in Italy of 
Neonatal Intensive Therapies, distributed throughout the 
various regions, starting from the 1990s, according to spe-
cific criteria that are now widely accepted [11].

Neonatal mortality and the role of intensive care

Many works have been published in the last 20 years that 
show an improvement in the prognosis of VLBW neo-
nates [12]. The collection of data regarding the survival of 
preterm neonates is important for several reasons. First, 
it can help inform the pregnant woman of the fetus’ sur-
vival potential. Moreover, neonatal and perinatal mor-
tality rates are frequently used to measure outcomes in 
studies that evaluate the effectiveness of therapeutic 
interventions.

There is an increased tendency to compare survival 
estimates among institutions as a way to verify obstetric 
and neonatal care. A large number of publications present 
estimates on preterm neonate survival rates in relation to 
each week of gestation. However, these curves show large 
differences among the percentages, especially in the group 
between 23 and 27 weeks of gestation. There are several 
potential explanations for this variability.

First, differences between studies may simply reflect dif-
ferences in the populations studied (clinical variability), 

including sociodemographic factors. These variations may 
also depend on the time period examined or the use of 
interventions known to improve survival rates, such as, for 
example, antenatal steroids, or postnatal surfactant ther-
apy. It is also possible that systematic errors are one of the 
causes of the variations in survival numbers. There may in 
part be a potential selection bias in those studies that only 
show the survival of neonates allowed in intensive care 
units and, to a lesser degree, in those studies that include 
live births but that do not include the stillborn [13].

The types of neonates that undergo intensive neonatal 
care are primarily preterm neonates with a weight <1500 g 
and/or gestational age <32 weeks. Most studies show that 
this category is less than 1% of total live births, but contrib-
utes to more than 40% of all neonatal deaths. Therefore, 
using data originating from single hospitals (center based), 
for this type of statistical analysis aimed at studying neo-
natal survival and outcomes, may be misleading due to 
spurious variations tied to the population of each center. 
To this end, it would be best to use data collected from a 
population from a more extended geographical area, such 
as a nation, region, or province (area based) [14].

Italy currently is without this type of data, though the 
data are available in single regions such as Friuli-Venezia 
Giulia, the Autonomous Provinces of Trento and Sassari 
and Lazio; one report contains a 2002 mortality estimate 
of VLBW neonates divided by three geographical areas in 
Italy (north, center, south) (Figure 16.5) [15].
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Figure 16.4 Infant and neonatal mortality rate per 1000 live births in Italian regions. (Data from ISTAT.)
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At an international level the Vermont Oxford Network, 
which gathers information from around 30,000 neonates 
that underwent a wide range of neonatal intensive care 
units in North America, shows survival rates stratified for 
each gestational age [16].

Another population study carried out in the United 
Kingdom and in the Republic of Ireland (EPICure) 
describes the survival and long-term outcome of live 
birth neonates below 26 complete weeks of gestational age 
(Figure 16.6) [17]. Overall, it can be said that the survival 
rate increases by 2%–4% for each intrauterine day from 
23 to 26 weeks. Therefore, since 1990 intensive therapies 
have had a virtual survival rate ≥90% for neonates with 
weight at birth >1000 g. On the other hand, survival below 
500 g can be considered a rare event. Thus, the entire ethi-
cal debate on intensive care is around a weight of approxi-
mately 500 g: to be precise in a weight range at birth of 
500–1000 g.

A lot has changed in neonatal intensive care units 
(NICUs) in the last 15 years. Prenatal steroids are more 
widely used, ventilation techniques have improved, and 
surfactant is used. These measures have modified the epi-
demiology and the ethical considerations regarding the 

life and death of ELBW neonates in NICUs [18,19]. A study 
by Meadow from 2004 [20] analyzed this problem in 1142 
ELBW neonates from 1991 to 2001 with a weight at birth 
<1000 g, with the following results:

 1. There were substantially improved survival rates in 
those patients with a greater weight at birth and in those 
born in the last years of the past decade. However, since 
survival rates of the larger ELBW neonates have reached 
approximately 90% during the course of the entire 
decade, large-scale improvements for these patients are 
unlikely.

 2. The greatest gains for smaller ELBW patients occurred 
at the beginning of the decade. From 1991 to 1997 
survival rates improved by about 4% a year. However, 
starting in 1997 and continuing to 2001, no further 
improvements were observed.

 3. The average hospital stay for deceased neonates 
increased from 2 to 10 days during this observation 
period, and consequently, the percentage of neonates 
with an “undeclared” outcome at 4 days of life increased 
from 10% to 20% for all ELBW patients and by 33% for 
those with a weight at birth between 450 and 700 g.

 4. However, the percentage from 1991 to 2001 of hospital 
beds containing nonsurvivors remained low (7%).

This study concluded that very few of the ELBW neo-
nate subgroups do not survive compared to the previous 
decade, with improvements especially in the 450–700 g 
weight range, which had and continues to have the high-
est mortality rate. In addition, this progress seems to have 
slowed down or come to a halt starting from the last years 
of the previous decade up to now. Although the majority 
of deaths in the ELBW subgroup with the lowest weight 
happen early, the life or death uncertainty persists for 
a longer period of time, although it remains acceptably 
short.
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Figure 16.6 ELBW at 26 weeks of gestational age.
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FACTORS ASSOCIATED WITH IMPROVEMENT OF 
SURVIVAL RATES
Antenatal steroids

Predicting and preventing preterm birth and choosing the 
best method of delivery, in order to reduce the number of 
preterm births and improve the outcomes for both mother 
and child, are today’s challenges.

A large portion of preterm births result from unex-
plained labor or from rupture of the amniotic mem-
branes. Up to 50% of births before 37 weeks are a result 
of idiopathic preterm labor, while another 30% is caused 
by preterm prelabor rupture of the amniotic membranes 
(PPROM) [21].

A great deal of work has been carried out to find diag-
nostic tests capable of accurately predicting whether 
women at risk will experience preterm labor, but with 
 limited success. This would allow for an early and more 
efficient use of appropriate prenatal interventions.

Since “prevention of prematurity” cannot be effectively 
implemented, steroids have become an indispensable 
intervention in the event of a probable premature birth. 
More than 30 years have passed since Liggins studied the 
biochemical nature of delivery in animals and observed, 
after treatment with corticosteroids, an increase in the 
survival rate at earlier gestational periods and the his-
tological maturation of the lung parenchyma. This was 
later applied to humans by administering betamethasone, 
which resulted in a reduction from 15.6% to 10% in the 
incidence of respiratory syndrome [22].

In 2000 these results were confirmed by a new recom-
mendation from the National Institute of Health that 
 confirmed the safety and effectiveness of this treatment 
and recommended its use in all pregnancies between the 
24th and 34th weeks of gestation and at risk of delivery 
within 7 days (Table 16.4). Steroids achieve maximum 
effect 24 hours after administration and are associated 
with a significant reduction in respiratory distress syn-
drome (RDS) (from 23.7% to 8.8%) in children born 
24 hours to 7 days after the treatment [23].

Neonatal mortality in the treated group is also reduced 
from 11.6% to 6%, as is the rate of intraventricular cerebral 
hemorrhages.

Steroids administered to the mother pass through 
the placenta and stimulate pulmonary maturation with 
 surfactant produced by type II pneumocytes. They also 
stimulate the synthesis of proteins associated with sur-
factant and promote the structural maturation of the 
lung.

Surfactant therapy

A meta-analysis of several controlled and random-
ized clinical studies has shown the validity of surfactant 
therapy in reducing the severity of RDS and its compli-
cations. A certain number of reports show a reduction in 
the mortality of neonates <26 weeks of gestational age, 
which suggest that this was due to the routine clinical use 
of surfactant [24,25]. There is also, however, some direct 

evidence to support this claim as many clinical trials per-
formed on individuals belonging to this category include 
too few neonates of this gestational age.

A combined study of antenatal steroids and surfactant 
therapy in pregnancies stratified by gestational age high-
lights the positive interaction of the two treatments at all 
gestational ages between 24 and 32 weeks. It can probably 
be assumed from this evidence that neonates with a low 
gestational age (survival threshold) benefit from these 
therapies. However, in certain cases, the effect of the ther-
apy may not be as evident, due to intrinsic aspects of pul-
monary immaturity.

Cesarean delivery

A survey of American gynecologists who were asked 
whether they would perform a cesarean delivery in an 
extremely preterm pregnancy due to fetal distress showed 
that 4% would perform this procedure at 23 weeks, 37% at 
24 weeks, and 72% at 25 weeks. It is still debatable whether 

Table 16.4 Recommendations on the use of antenatal 
corticosteroids

 1. Prophylaxis with corticosteroids is recommended for all 
pregnant women between the 24th and 34th complete 
weeks of pregnancy at risk of preterm delivery, as the 
benefits (reduction in RDS [respiratory distress syndrome], 
ICH [intracranial hemorrhage], ROP [retinopathy of 
prematurity], NEC [necrotizing enterocolitis], and neonatal 
mortality) substantially outweigh the potential risks.

 2. The therapy consists of two intramuscular injections, 
12 mg each, of betamethasone, 24 hours apart.

 3. The optimal effect is 24 hours from the initial 
administration and lasts for at least 7 days.

 4. Reductions in fetal movements and heart rate may occur 
during the therapy, which however do not require 
therapeutic measures.

 5. Therapy lasting less than 24 hours is effective even though 
to a lesser degree.

 6. A concurrent tocolytic therapy can delay the delivery by at 
least 24–48 hours, which increases the effectiveness of the 
corticosteroid therapy.

 7. Corticosteroid effectiveness is reduced after 7 days; the 
cycle should be repeated, though it is not mandatory.

 8. In case of preterm prelabor rupture of the amniotic 
membranes (PPROM), corticosteroids are recommended for 
periods below 30–32 weeks and in the absence of clinical 
signs of chorioamnionitis. The prevalence of respiratory 
distress syndrome (RDS) and intraventricular hemorrhage 
(IVH) is significantly reduced, while that of maternal and 
neonatal infections may increase, though not substantially 
(antibiotic coverage should therefore not be omitted).

 9. In case of hypertension; hemolysis, elevated liver enzymes, 
low platelet count (HELLP) syndrome; intrauterine growth 
restriction (IUGR); diabetes; and twins, corticosteroid 
therapy is advisable as no side effects are reported for the 
mother or infant.
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this intervention can be justified in the presence of fetal 
distress.

Some argue that an extremely premature neonate is 
highly vulnerable to the normal labor process and that a 
cesarean delivery may be the best option [26]. Others sug-
gest that the factors that originate unfavorable outcomes 
are already present at the start of labor, or at least when the 
decision to operate is taken.

Presumably, since the decision to perform a cesarean 
delivery is most likely made for those pregnancies with a 
better chance of survival or of a favorable outcome, epide-
miological studies, similarly, show a positive association 
between cesarean deliveries and an increased survival 
rate. However, studies that used multivariate statistical 
analyses and logistic regressions do not show any benefit 
when certain variables such as, for example, gestational 
age, preeclampsia, or elective cesarean delivery are used.

Kitchen, in observing outcomes at 2 years, in 577 neo-
nates with a weight at birth between 500 and 999 g, used a 
statistical analysis with logistic regression to show that the 
method of delivery did not affect the incidence of cerebral 
palsy. Similarly, other variables such as the Apgar score, 
rectal temperature, first arterial pH value, and assisted 
ventilation duration were not associated with the type of 
delivery [27].

In a review of all prospective studies on this subject, 
Grant used a meta-analysis to compare results of the elec-
tive cesarean delivery policy with those of the selective 
cesarean delivery. The small sample size was not enough 
to show significant data on the neonatal benefits of a 
cesarean delivery, but demonstrated that neonatal com-
plications are more associated with breech presentation 
and that cesarean delivery is the main cause of maternal 
morbidity [28,29].

In conclusion, the effect of the method of delivery 
in preterm pregnancies on neonatal outcomes remains 
unclear. In addition, the current recommendations 
from the National Collaborating Centre for Women’s 
and Children’s Health on cesarean deliveries, published 
in April 2004 by the Royal College of Obstetrics and 
Gynaecologists (RCOG), show that this surgical procedure 
should not be routinely provided outside of research.

Regionalization of perinatal care

The improvement in the reduction of neonatal mortality 
is, in part, tied to the improvement in perinatal assistance 
under regional planning. The regionalization of perinatal 
care consists of implementing a coordinated and cooper-
ating assistance system that defines the type of care that 
each hospital can provide to the mother and neonate.

This type of planning must take into account users, 
existing structures, and assistance capabilities. Therefore, 
to calculate the number of necessary beds it is essential to 
have data on neonatal birth rates and morbidity, as well as 
data on transfers, so as to define the neonatal transfer rates 
(transferred neonates/live neonates × 100).

The main goal of regionalization is to provide to the 
mother and neonate proper care in the nearest available 

structure, by planning a system that meets the patients’ 
needs and improves the efficiency of intensive care units. 
Pregnancies at risk can thus be concentrated, and inten-
sive care staff and equipment can be optimized. The struc-
tures throughout the territory are differentiated based on 
the level of care that they are able to provide [30,31].

NEONATAL OUTCOMES
The greatest increase in survival percentages, especially 
for ELBW preterm neonates, has occurred in the last 10 
years. The survival limit is largely determined by pulmo-
nary maturity, while subsequent morbidity in survivors is 
determined by the complications of the treatments for the 
underlying pulmonary disease. This increased success has 
coincided with the progress in perinatal medicine, neona-
tal surgery, anesthesia, and, in particular, intensive neo-
natal care.

Numerous strategies have been adopted to improve 
respiratory function (prenatal corticosteroids, surfactant, 
postnatal corticosteroids for chronic respiratory disease 
and more sophisticated means of assisted ventilation) and 
prevent serious illnesses such as intraventricular hemor-
rhage, patent ductus arteriosus, retinopathy of prematu-
rity, necrotizing enterocolitis (NEC). Nutrition has also 
been improved through a more widespread use of human 
milk banks [32,33].

However, after a reduction in neonatal mortality and an 
increased survival rate (in particular of ELBW <1000 g), 
there has been an overall increase of neonatal outcomes.

Chronic respiratory disease: Bronchopulmonary 
dysplasia

The increased use of prenatal steroids and improved moni-
toring of pregnancy and fetal conditions has brought about 
a reduction in the incidence and severity of RDS in preterm 
babies. This is accompanied by the early and liberal use 
of exogenous surfactant, along with less traumatic and/or 
invasive mechanical ventilation (synchronized ventilation 
with trigger, pressure support ventilation, proportional 
assist ventilation, high-frequency oscillatory ventilation, 
continuous positive airway pressure with nasal cannulas, 
etc.), which have greatly improved the prognosis of RDS 
in affected neonates and simultaneously reduced the inci-
dence of serious pulmonary illnesses such as bronchopul-
monary dysplasia (Table 16.5) [34].

It is now widely accepted that administering exogenous 
surfactant to neonates with RDS decreases the severity of 
acute respiratory disease and allows for a less aggressive 
ventilation, thereby minimizing pressure and volumetric 

Table 16.5 Main assisted ventilation techniques

Trigger ventilation (TV)
Pressure support ventilation (PSV)
Proportional assisted ventilation (PAV)
High-frequency oscillatory ventilation
Nasal continuous positive airway pressure (nCPAP)
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trauma of the respiratory system and damage deriving 
from high inhaled O2 concentrations (FIO2).

The positive effect of surfactant may also be tied to the 
antimicrobial properties of SP-A and SP-D proteins that 
stimulate the phagocytosis of the neutrophils and of the 
pulmonary macrophages [35,36].

Despite this, there has been an increase in the less severe 
forms of chronic lung damage due to the increased overall 
survival rate. Many authors have a general name for this 
type of damage, chronic lung disease (CLD), and save the 
bronchopulmonary disease (BPD) name for cases of severe 
pulmonary damage [37].

Definition

BPD was described for the first time more than 35 years 
ago by Northway in neonates treated for hyaline mem-
brane disease with ventilation therapy at high inspiratory 
pressure and high FIO2 [38]. The original description con-
tained four successive radiological and anatomopatho-
logical stages of the disease. However, not all radiological 
stages of BPD described by Northway can be observed 
among neonates with respiratory conditions similar to 
BPD, and so many other definitions, including several 
clinical conditions have been introduced over time. In 
most of these definitions the main diagnostic criterion was 
the need for supplemental oxygen, with or without ven-
tilation support, and the presence of certain radiological 
conditions of the thorax.

Bancalari in 1979 [39] listed the following criteria to 
define BPD:

 1. Need for intermittent positive pressure ventilation dur-
ing the first week of life and for at least 3 days

 2. Clinical signs of chronic respiratory disease (tachypnea, 
intercostal and diaphragmatic retractions, auscultatory 
sounds lasting for more than 28 days)

 3. Need for supplemental O2 for more than 28 days to 
maintain arterial PaO2 at 50 mm Hg

 4. Radiography of thorax with striations of persistent den-
sity in both lungs, alternated with areas of normal or 
increased transparency

The chronological duration of 28–30 days was the most 
widely used temporal diagnostic criterion.

Very premature neonates may, however, require sup-
plemental oxygen at the postnatal age of 1 month due to 
the degree of immaturity and not necessarily because of 
a chronic pulmonary problem. Therefore, the need for 
supplemental O2 at 36 weeks of corrected gestational age 
was suggested as a predictive criterion for abnormal pul-
monary outcome. This became the most widely used defi-
nition in the literature, even though the predictive value of 
the BPD definition, based solely on duration of O2 therapy, 
has been revised so that greater attention is paid to the 
radiological conditions in predicting future respiratory 
outcomes.

A U.S. workshop defined BPD using different criteria 
for neonates below or above 32 weeks of gestational age. 
It also has three categories of severity for the disease [40]. 

Radiological conditions are not present in this new defi-
nition, and the workshop recommends the use of the old 
“BPD” term for this type of respiratory illness in preterm 
neonates, while reserving the use of chronic lung disease 
(CLD) for a series of chronic respiratory illnesses related 
to subsequent ages.

Clinical presentation of the “new” BPD

With rare exceptions, BPD is preceded by the early use in 
the first days of life of mechanical ventilation, as a result of 
respiratory insufficiency due to hyaline membrane disease 
and/or pneumonia or insufficient breathing strength.

The “new BPD,” as defined, is the most common and 
mildest clinical form, usually found in those small pre-
term neonates with weight <1000 g who survive prolonged 
mechanical ventilation. Generally, it has replaced the 
traditional BPD described by Northway, which has now 
become much less frequently used. The majority of these 
neonates have an initial RDS that responds favorably to 
the administration of surfactant. In addition, ventilation 
and oxygen support for these neonates is significantly 
reduced after a few days.

Despite this, after an initial period in which oxygen sup-
port is minimal or completely absent, pulmonary function 
deteriorates, and there are signs of progressive respiratory 
insufficiency (chest retractions, need for supplemental 
oxygen and mechanical ventilation), frequently caused by 
bacterial infections or by the ductus arteriosus that did not 
close [41].

Radiological manifestations usually do not appear (but 
may appear late) and include hyperinflation and nonho-
mogeneous lung tissue, with small or large dense areas 
that, in the more severe forms of BPD, tend to spread to 
the periphery. Radiological changes are less evident in the 
milder forms and primarily show a widespread opacifica-
tion of the lung fields. When pulmonary damage is trig-
gered, such neonates may need mechanical ventilation 
and an increased concentration of oxygen for a prolonged 
period of time (weeks or months).

Clinical progress of those who survive with BPD 
is slow but characterized by steady improvements in 
pulmonary functionality and radiological conditions, 
with a gradual weaning from oxygen and ventilation. 
Some neonates with the more severe forms of BPD may 
advance toward irreversible respiratory insufficiency and 
death, as a result of severe damage to the lungs and of 
pulmonary hypertension that evolves into cor pulmonale 
(Figure 16.7a and b).

Incidence of BPD

The incidence of BPD described in the literature varies 
widely, in part due to differences of susceptibility to the 
disease among the population. It is also a result of different 
therapeutic practices among institutions and of different 
criteria used to define BPD.

The incidence of BPD, defined as oxygen dependency 
at 36 weeks of postconceptional age, in neonates with a 
weight at birth between 500 and 1500 g varies between 

 



286 Cesarean delivery for the preterm neonate

3% and 43% in various National Institute of Child Health 
and Human Development (NICHD) Neonatal Research 
Network centers [42].

Bancalari, in describing the data from his center, states 
that the incidence of BPD (defined as O2 dependency of at 
least 28 days in the course of hospitalization) is inversely 
related to the gestational age and/or the weight at birth. 
These values vary from 67% in neonates between 500 and 
750 g to less than 1% in neonates with a weight between 
1251 and 1500 g [41].

Other incidence-related factors are tied to differences in 
the base populations used to calculate the incidence (e.g., 
a denominator that considers all preterm neonates or only 
survivors within a certain weight or category, etc.). They 
may also be tied to changes of the population at risk due to 
the introduction of prenatal steroids and surfactant.

Risk factors

Many single or combined factors have been involved in the 
pathogenesis of BPD. Because BPD is present almost exclu-
sively in preterm neonates <1500 g who have undergone 
mechanical ventilation or oxygen therapy, prematurity, 
mechanical trauma, and O2 toxicity have been considered 
crucial factors in the pathogenesis of the disease.

Other factors that appear to have an important role, 
include inflammation (by itself or associated with infec-
tion), pulmonary edema due to patent ductus arteriosus 
or to an excess of administered fluids, nutritional deficien-
cies, a predisposition to reactivity on the part of the respi-
ratory system, and early adrenal insufficiency.

A study by Watterberg shows that the neonates with a 
lower level of plasma cortisol in the first week of life have 
an increased incidence of pulmonary inflammation and 
BPD. Early treatment instead with low doses of hydrocor-
tisone increases the chances for survival without BPD [43].

There is a now a body of evidence that supports the role 
of infection and inflammation in the pathogenesis of BPD. 
This seems to be the case, especially for extremely small 
neonates without severe underlying pulmonary disorders 
who develop BPD after prolonged minimal ventilation 
support, used to support normal respiratory functions.

It has been demonstrated that a complex inflamma-
tory reaction occurs in the interstitial space of immature 
lungs, followed by an accumulation of different cellular 
types (polymorphonuclear, macrophages, and chemical 
mediators (leukotrienes, interleukin 6 and 8, PAF, TNFα) 
[44,45]. The final result of this complex inflammatory pro-
cess is an alteration of alveolar–capillary permeability, 
both during the acute phase of RDS and in its evolution to 
BPD, between the 10th and 14th days of life.

The stretching of lung tissue, secondary to an excessive 
volume (volutrauma) in the lungs of neonates ventilated 
with high tidal volumes, in particular in the absence of 
positive end-expiratory pressure, has been considered one 
of the factors that trigger these complex local inflamma-
tory processes.

Another pathogenetic element of lung damage is the 
oxygen-free radicals produced when high fractions of oxy-
gen are inhaled and/or when the preterm neonate does not 
have sufficient antioxidants (Figure 16.8) [46].

A greater role has been attributed to maternal infection, 
and specifically to chorioamnionitis, which apparently is 
associated with an increased risk of BPD. This correlation 
has been proven by a series of clinical and experimental 
observations that show a high presence of inflammatory 
cytokines in the fetal umbilical cord blood and in the 
amniotic fluid of mothers whose neonates subsequently 
develop a form of BPD [45].

Prognosis

The prognosis of these patients is conditioned by the 
degree of lung impairment. Although clinical conditions 
improve over time, most patients for several years con-
tinue to have increased airway resistance and bronchial 

(a)

(b)

Figure 16.7 (a) BPD—Initial BPD in ELBW <26 weeks. (b) 
BPD—Severe BPD: anomalous dense areas and emphysema 
areas.
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hyperresponsiveness, reduced pulmonary compliance, as 
well as reduced ventilation/perfusion ratio (V/Q) and, from 
a  radiological point of view, areas of atelectasis and/or 
emphysema. Rarely, chronic cor pulmonale may occur fol-
lowing chronic hypoxemia or pulmonary hypertension.

Prospective follow-up studies of all VLBW neonates 
show that the bronchial spasm rate is double in survivors 
with BPD. Lung function tests may still yield abnormal 
results with reduced tolerance for physical exercise up to 
the school age [47].

Pulmonary infections are common but tend to decrease 
over time and to disappear completely at 3 to 4 years of age.

Growth is generally insufficient due to a lack of nutri-
tion and to the greater energy required for the increased 
respiratory functions. In the first 2 years of life, during 
which the respiratory situation of most infants with BPD 
may still be at risk, the length, weight, and cranial circum-
ference values are significantly below average. For school-
age children there are, however, no significant differences 
in somatic growth.

Neurological development can also be altered and is 
positively correlated with length of hospital stay and dura-
tion of oxygen dependency. Cognitive, motor, sensory, 
and language tests all show performance levels at 12 to 18 
months that are significantly lower than in neonates with 
only RDS. At 3 years of age 29% of neonates with bron-
chopulmonary dysplasia (Northway stage 4) have an IQ 
between 80 and 90, while 40% have greater disabilities 
in the following areas: cerebral palsy, mental retardation, 
deafness, and blindness.

Mortality before discharge is generally caused by inter-
current infections, cor pulmonale, and respiratory insuf-
ficiency. The percentage of mortality in stage 4 of BPD, 
according to the Northway classification, is about 40%, 
with neonates dying approximately in the third month.

The survival percentage is correlated to hospitalization 
duration, with approximately 47% of neonates surviving 
when the hospital stay is less than 3 months. This percent-
age drops to 17% in those neonates who need hospitaliza-
tion stays longer than 5 months.

Other predictive indicators include male gender and 
duration of ventilation support and supplemental oxygen 
therapy [48,49].

Central nervous system

The preterm neonate is at high risk of many insults to the 
central nervous system (CNS), usually represented by ger-
minal matrix and intraventricular hemorrhage (GMH-
IVH), intraparenchymal lesions (IPLs), posthemorrhagic 
hydrocephalus (PHVD), and cystic periventricular leuko-
malacia (PVL).

Germinal matrix and intraventricular hemorrhage

Intraventricular hemorrhage, or hemorrhage confined to 
the germinal matrix that surrounds the cerebral ventricles 
of the preterm neonate (GMH-IVH), is present in 35% to 
50% of neonates with gestational age <32 weeks or with 
weight <1500 g at birth [50].

Since the 1990s there has been an overall decline in 
the incidence of IVH and IPL to around 20% of VLBW 
neonates (Table 16.6). The incidence and severity of these 
events is, however, inversely related to the gestational 
age, in part due to the extreme fragility of the capillary 
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Figure 16.8 Pathogenesis of BPD.

Table 16.6 GMH-IVH classification

Grade Hemorrhage extension

I Germinal matrix hemorrhage with little or no 
intraventricular hemorrhage (<10% of the 
ventricular area in a parasagittal scan)

II Intraventricular hemorrhage (10%–50% of the 
ventricular area in a parasagittal scan)

III Intraventricular hemorrhage (>50% of the 
ventricular area in a parasagittal section); 
ventricles are usually relaxed

Other Notes Periventricular echodensities (seat and 
extension)

Source: Reprinted from Neurology of the Newborn, 3rd ed. Volpe JJ, 
Saunders, Copyright 1995, with permission from Elsevier.
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vascular bed of the germinal matrix that increases as age 
decreases [51].

Although GMH-IVH may occasionally occur in the 
uterus, most preterm neonates develop this complication 
after birth. Ultrasounds are able to accurately “time” these 
complications, which occur almost exclusively within 
72 hours after birth (half within 24 hours). Only 10% of 
GMH-IVH appears after the first week.

The subependymal germinal matrix is a highly vascu-
larized structure that contains glioblasts and neuroblasts, 
which take part in continuous mitotic activity and which 
subsequently migrate toward the cerebral cortex. This 
structure is prominent between 24 and 32 weeks of gesta-
tion but then regresses completely toward the end of the 
pregnancy.

The degree of prematurity and the presence of respira-
tory distress syndrome are reported as the main risk fac-
tors for the onset of GMH-IVH. This is due to changes in 
the cerebral blood flow and in the weak self-regulation 
mechanisms caused by insults such as hypoxia and acido-
sis, which occur more frequently in the course of a respira-
tory disease [52]. The loss of a self-regulating mechanism 
makes cerebral circulation dependent on arterial pressure, 
which therefore exposes the brain of the preterm neonate, 
which cannot protect itself from pressure changes, to a 
series of potential dangers. These arterial pressure changes 
have been noticed during the course of pneumothorax, 
endotracheal suctioning and manipulations, CO2 reten-
tion, hypoxia, anemia, hypoglycemia, and mechanical 
ventilation.

Over time the cerebral ventricles in around 30% of 
preterm infants with GMH-IVH will dilate. The greater 
the degree of intraventricular hemorrhage (second–third 
degree), the higher is the risk of posthemorrhagic ventric-
ular dilatation (PHVD).

This condition is subsequent to a process of adhesive 
arachnoiditis of the skull base and vault in which the 
arachnoid villi, damaged by phlogosis from blood in the 
subarachnoid space, stop reabsorbing the cerebrospinal 
fluid causing a type of communicating hydrocephalus.

A less common occurrence that follows intraventricular 
bleeding is the blockage of the aqueduct of Sylvius, which 
leads to the forming of a noncommunicating hydrocepha-
lus [53].

PHVD develops in about half of those affected with 
third-degree GMH-IVH and poses a high risk of unfa-
vorable neurobehavioral outcome (around 50%), which 
increases (75%) if a neurosurgical ventriculoperitoneal 
shunt procedure is used to control the progressive ven-
tricular dilation [53].

Periventricular leukomalacia

Damage to the white matter of the semi-oval centers is the 
main cause of spastic diplegia, which is the most common 
form of unfavorable neurologic sequela of prematurity.

The difference in periventricular leukomalacia (PVL) 
incidence described in the literature is caused by the dif-
ferent classification systems used. Most studies, however, 

report a value between 3% and 10% for bilateral cystic 
PVL, which is the most severe form of damage to the peri-
ventricular white matter [54]. The timing of the appear-
ance of this particular type of lesion is much more variable 
than GMH-IVH.

Occasionally, the reported damage is of prenatal ori-
gin, such as in the case of a twin dying, chorioamnion-
itis, prolonged premature rupture of membranes, or in 
the case of antepartum hemorrhages. In these situations 
periventricular cysts, visible via ultrasound a few days 
after birth, indicate that the pathogenetic causal event 
started during intrauterine life. The normal amount of 
time between the ultrasound showing a periventricu-
lar echodensity and the formation of cysts is about 
2–3 weeks.

Pathogenesis of PVL is multifactorial and is, in any 
case, understood even less than events tied to hemor-
rhages. Currently, a lot of attention is paid to the hypoxic-
ischemic and/or toxic damage to the intense metabolic 
activity of oligodendrocytes. These cells appear to be 
particularly vulnerable to the toxic damage of glutamate 
and cytokines (TNF) which can be released in response 
to bacterial endotoxins or vascular events of ischemic 
nature [55].

Many studies have long since identified arterial hypo-
tension as a risk factor that is independent of PVL devel-
opment. The deprivation of cerebral blood, that occurs 
during a large patent ductus arteriosus, modifies the dia-
stolic phase of the cerebral blood flow (reverse flow), thus 
making several areas of the cerebral white matter that 
border different supply systems particularly susceptible to 
ischemic damage. This particular Doppler flowmetry pat-
tern has been associated numerous times with the onset 
of PVL. The marked reduction of CO2 in arterial blood 
(hypocapnia) also reduces cerebral blood flow and repre-
sents a risk factor associated with PVL.

There is no doubt that among all lesions diagnosed with 
ultrasound, cystic periventricular leukomalacia is the one 
that is closest to 100% in terms of predicting neonatal 
outcomes [56]. In numerous follow-up studies of VLBW 
neonates, any cases associated with the presence of cere-
bral palsy are almost always uniquely identified with an 
ultrasound diagnosis that shows a form of bilateral cys-
tic periventricular leukomalacia. Single cysts and/or cysts 
confined to the frontal region seem to have a more favor-
able long-term neurological outcome [57].

The increased survival rate is a source of pride for the 
medical community, although long-term follow-up stud-
ies for this category of patients have brought to light many 
unresolved problems. Furthermore, it is well documented 
that VLBW neonates’ neurological morbidity is a major 
part of the overall morbidity.

A meta-analysis done by Escobar in 1991 estimated the 
average incidence of neurological disabilities, after dis-
charge, at approximately 25% for all VLBW neonates. The 
incidence of serious sensorimotor deficits, such as visual 
or hearing impairment and cerebral palsy, seems to be 
even higher in ELBW neonates [58].
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Wood reports a 49% incidence of neurological disabili-
ties in neonates <25 weeks of gestation. There also appears 
to be evidence that shows that even children apparently 
without significant neurological dysfunctions have “hid-
den” areas of impairment [59].

Multiple observational studies, with follow-ups that con-
tinue up to the school age, show lower cognitive test scores 
and an increased number of behavioral problems. A large 
collaborative study in the United States involved 1151 neo-
nates with a weight between 401 and 1000 g that came 
from 12 National Institute of Child Health and Human 
Development (NICHD) Neonatal Research Network cen-
ters [60]. The study examined the neurosensorial, func-
tional, and cognitive outcomes at 18 and 22 months of 
corrected age; in it, 25% of children presented an abnormal 
neurological examination, 37% had a mental development 
index (MDI) (Bayley Scales of Infant Development-II) <70, 
29% had a psychomotor development index <70, 9% had 
visual impairment, and 11% had hearing impairment.

Neurological, cognitive, neurosensorial, and functional 
morbidities increased as the weight at birth decreased. 
Indeed 25% of infants between 901 and 1000 g had neu-
rological anomalies, while this percentage rose to 43% for 
neonates between 401 and 500 g. Cerebral palsy in par-
ticular was diagnosed for 17% of neonates, with a range 
of values from 15% for 801–1000 g to 29% for 401–500 g.

The incidence of significant visual (3% blindness) and 
hearing impairments (3%) requiring assistance is similar 
to that of other studies.

Everyday functional abilities such as walking and using 
upper limbs for feeding or grabbing objects are achieved 
in 70%–80% of ELBW infants. However, only 57% of the 
group of patients <500 g is able to walk efficiently, 64% is 
capable of grasping, and 67% can eat on their own.

Significant factors associated with increased morbidity 
during neurological development are chronic respiratory 
disease (BPD), grade 3 intraventricular hemorrhages (IVH 
III), and parenchymal hemorrhage stroke (IPL), periven-
tricular leukomalacia, necrotizing enterocolitis (NEC), 
and the use of steroids in the treatment of BPD in males.

A study by Kilbridge compared preschool outcomes of 
infants with weight at birth <800 g to those of full-term 
infants. At the time of the evaluation the average cognitive 
test scores were, on average, 10 points lower. In addition, 
scholastic abilities, in particular motor skills and linguis-
tic capacities, were not as well developed [61]. This study 
therefore suggests that even though the environment is the 
same, biological events in the perinatal period will pro-
duce the aforementioned long-lasting effects.

Nuclear magnetic resonance (NMR) and other tech-
niques have enormously increased the ability to under-
stand the structure and function of the neonatal brain 
in normal conditions and after an insult. Currently, it is 
known that preterm neonates apparently without neuro-
logical deficits after birth do nonetheless show a reduction 
in volume of the cerebral cortex and of white matter, cor-
related with a reduction in cognitive test scores and behav-
ioral alterations [62].

Besides these structural anomalies, there is evidence 
that shows there are long-term anomalies in brain func-
tion. Petersen compared, in studies of functional magnetic 
resonance imaging (fMRI), the cerebral activity of pre-
term neonates with that of full-term neonates, in relation 
to phonological and semantic processing mechanisms. 
He showed that preterm neonates with reduced linguistic 
abilities have an altered semantic capability in the phono-
logical comprehension of sounds. This can explain the low 
verbal IQ and the language difficulties commonly noticed 
in school-age children.

Preterm infants therefore present an increased rate of 
neuronal death and an altered cerebral development. The 
mechanism associated with these changes in the struc-
ture of the brain is of great interest, and many studies 
performed on humans and animals suggest that these 
changes occur for the following reasons:

 1. Immature neurons are vulnerable to degenerative 
processes.

 2. Harmful environmental stimuli and clinical conditions 
have a significant impact on the growth and survival of 
neurons.

The second half of human gestation is characterized by 
rapid brain development. During this phase the number 
of neurons reaches a maximum level at 28 weeks which 
gradually decreases by about 70% reaching a stable level 
at birth. This critical period is also characterized by a 
marked synaptogenesis and by the development of popula-
tions of specific central nervous system receptors. Among 
these growing populations glutamate receptors (NMDA, 
AMPA) play a key role in cellular proliferation and in 
the migration, synaptogenesis, and plasticity of synapses 
in the developing brain. This is achieved by modulating 
the input of calcium and the activation of secondary mes-
sengers that alter gene regulation. Therefore, significant 
changes in glutamate or in excitotoxic neurotransmitters, 
which increase calcium input, render immature neurons 
vulnerable to stressful stimuli, such as background noise 
or high luminosity that normally are harmless.

Normal apoptosis and cellular death processes, which 
involve different cerebral regions in relation to the devel-
opment phase, can be affected by stressful clinical and 
physiological events. This may lead to an alteration in 
development and in cerebral function [63]. This vulner-
ability is not limited only to neurons, but also involves 
oligodendroglia cells that are extremely sensitive to dam-
age from free radicals. This susceptibility to damage also 
depends on the level of maturity, in that the differentiated 
stage of the oligodendroglial cell can tolerate stress due to 
free radicals better than its predecessor. This difference 
explains the particular susceptibility to damage of the 
periventricular white matter. This damage occurs during 
specific gestational ages (28–30 weeks) during which pre-
oligodendrocytes are particularly active (periventricular 
leukomalacia) [64].

Preterm neonates usually have long hospital stays needed 
to stabilize and therapeutically support the functions 
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of various organs by means of mechanical ventilation, 
 positioning of catheters, etc. The combination of organ 
immaturity and the need for aggressive interventions 
places these neonates at risk of developing hemodynamic 
instability, infections, malnutrition, etc., which contrib-
ute in altering the structural and functional development 
of the brain. BPD and treatment with corticosteroids are 
independent factors associated with an unfavorable neuro-
logical outcome. Studies on animals have confirmed that 
recurrent hypoxic episodes can damage the CNS. In addi-
tion, corticosteroids induce neuronal death by means of 
oxidative stress or glutamate being released into the CNS, 
such as, for example infections, and hyperbilirubinemia.

Similarly, repeated or prolonged painful stimuli can 
alter the long-term behavior as documented in animal 
models.

Luminous intensity and noise from neonatal intensive 
therapies are also considered harmful for the development 
of the nervous system, which underscores the susceptibil-
ity of the preterm infant to environmental stresses [65]. The 
logical consequence of the above is to ask whether clini-
cal interventions can be used to minimize neurocognitive 
and behavioral outcomes of VLBW neonates. Similarly, as 
the etiology of these deficits is multidimensional, so are 
the possible available interventions. For example, it is well 
established that breastfeeding is associated with improved 
neurocognitive and scholastic outcomes and that the lon-
ger breastfeeding lasts, the greater is the improvement.

Other beneficial maneuvers are analgesia techniques 
performed before painful procedures, as shown by the use 
of infusions with low doses of morphine that reduce the 
incidence of grade 3 IVH. Similarly, kangaroo care (skin-
to-skin contact between mother and neonate) has a posi-
tive effect on neonatal morbidity, though the long-term 
effects remain unclear [66]. The effectiveness of avoiding 
environmental stresses, such as background noise or light, 
on cerebral development has yet to be determined.

After being discharged from intensive therapies other 
environmental factors such as family education, socio-
economic status, and maternal attitude play an impor-
tant modifying role in the development of these children, 
at least up to 3 years of age, as documented in the Infant 
Health and Development Program (IHDP) [67].

Retinopathy of prematurity (ROP)

Retinopathy of prematurity (ROP) is a vascular prolifera-
tive ocular disorder that, in its most severe form leads to 
eyesight deterioration and blindness. It represents a high 
financial cost for the community, as well as a high indi-
vidual cost for the child, with repercussions on language, 
motor, and cognitive development [68].

The “Vision 2020” program of the World Health 
Organization has identified ROP as one of the major 
causes of blindness in mid- to high-income nations. In the 
United States, ROP is the second most common cause of 
infant blindness [69].

Although there is a high prevalence of infant blindness 
in countries such as sub-Saharan Africa, with an infant 

mortality rate above 60 per 1000 live births, ROP is seldom 
reported in these nations due to the lack of intensive care 
for preterm neonates and their low survival rate.

In industrialized countries with infant mortality rates 
below 10 per 1000 live births, ROP is the reported cause of 
infant blindness in 6%–20% of cases [69,70]. Variations in 
incidence may also occur within a nation due to different 
levels of neonatal care.

There have been two epidemics of ROP in developed 
countries in the last 60 years. The severe form of ROP (ini-
tially named retrolental fibroplasia) was first described 
during an epidemic that took place in the 1940s [71]. In 
1951, Campbell noted that providing supplemental uncon-
trolled oxygen to neonates was the main cause of the epi-
demic form of the illness. It was recommended to extend 
the pregnancy period, if possible, to 33 complete weeks of 
gestation and to proscribe the use of prophylactic oxygen 
in the treatment of cyanosis [72].

Later studies in the same decade confirmed that high 
O2 concentrations resulted in the obliteration of neonatal 
retinal vessels. This epidemic was later brought to an end 
with the controlled use of O2. Only in the United States 
the percentage of blindness due to retrolental fibroplasia 
dropped from 50% in 1950 to 4% in 1965 [73].

During the latter part of the 1970s and in the 1980s, 
despite careful monitoring of O2 use in neonates, which 
had started in the 1950s, several studies described a sec-
ond epidemic of ROP of similar proportions [74]. It was 
concluded that the event was due to the increased survival 
rate of VLBW neonates in the 750–999 g range and not to 
new iatrogenic factors.

Survival curves for preterm neonates <27 weeks con-
tinued to improve in the 1990s. Several studies reported a 
higher number of severe forms of ROP, but some evidence 
instead shows a decline in the incidence, severity, and pro-
gression of the threshold forms of the illness in developed 
countries [75]. ROP, however, remains prevalent among 
VLBW neonates, with 12.5% of neonates between 23 and 
26 weeks of gestation requiring treatment of the “thresh-
old” illness [76].

The International ROP Classification describes the seat 
of the lesion in relation to the optic nerve, the amount of 
vascularization, and the progressive stages of the illness. 
Stage 1 is the least severe, while stages 4 and 5 are associ-
ated with, respectively, the partial and total detachment 
of the retina. The term “plus” disease indicates signs of 
active progression of ROP that can accompany any stage. 
The term “threshold” indicates 5 consecutive hours, or 8 
cumulative hours, of the optic disc of stage 3 in zones I or 
II and in the presence of “plus” disease, which indicates an 
increased likelihood that the disease will lead to retinal 
detachment [77] (Table 16.7).

Predisposing factors

Although many causal factors have been investigated in 
the development of ROP, only low birth weight, low ges-
tational age, and supplemental oxygen therapy have been 
consistently associated with the disease.
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An American multicentric study done between 1986 
and 1987 showed that 81.6% of neonates weighing under 
1000 g develop a form of ROP, while only 46.9% of those 
who weigh between 1000 and 1250 g develop the same 
type of disease. The severe forms are reported mainly in 
neonates <26 weeks, and the severity increases as the ges-
tational age decreases [78].

Since the correlation between supplemental oxygen and 
ROP has been proven, much research has been done to iden-
tify the pathogenetic role of O2. ROP starts to become evident 
between 32 and 34 weeks of postconceptional age relative to 
gestational age at birth, and has two separate phases.

During the first acute phase, normal retinal vasculogen-
esis is altered due to the relative hyperoxia of the extra-
uterine environment. This results in vessel obliteration 
and insufficient vascularization of certain areas of the 
anterior retina. The resultant hyperoxia causes a second 
chronic phase characterized by a proliferation of vascular 
and glial cells and formation of arteriovenous shunts that 
occasionally lead to involution or permanent cicatricial 
changes and visual impairment [79,80].

There is controversy on whether the duration of supple-
mental O2 causes an increase in the incidence or sever-
ity of the disease. Some evidence shows that providing 
supplemental oxygen to neonates with moderate ROP 
does not reduce the incidence of progression toward the 
“threshold” stage. It seems instead that wide fluctuations 
in oxygen saturation condition the development of ROP 
and its progression [81].

Both hypoxia and unstable levels of O2 in the rat ani-
mal model cause ischemic retinopathy. The significance of 
the oxygen levels lies in the nature of the choroidal circu-
lation, which is unique, as it is without a self-regulation 
mechanism needed to respond to altered O2 tension.

In conditions of hyperoxia, there is no choroidal vessel 
constriction, even though the retinal veins are capable of it. 
Consequently, the excess oxygen moves from the  choroidal 
to the retinal circulation resulting in the obliteration of the 
retinal veins [82]. According to an alternative theory, the 
retinal vascular alterations can be attributed to the dam-
age caused by reactive O2 species (free radicals) capable of 
overcoming the defensive mechanisms put in place by the 
antioxidant enzymes, such as superoxide dismutase (SOD) 
and/or protective agents such as α-tocopherol [83].

Experimental studies on animal models and cell cultures 
have underscored the key role played by the VEGF-A cyto-
kine (vascular endothelial growth factor A) in the abnormal 
development of retinal vasculature. High levels of VGEF-A 
have been found in human vitreous humor with ROP and in 
the subretinal fluid of eyes in the acute phase of stage 4, but 
not in stage 5. However, the absence of the RNA messenger 
of VEGF-A in the fetal retina (up to 20 weeks) and the find-
ing that the insulin-like growth factor (IGF-1) contributes 
to optimizing VEGF-A activity of normal retina vascu-
larization, underscore how other factors, besides hypoxia, 
regulate the gene expression of VEGF-A [84].

On the other hand, ROP can develop in preterm neo-
nates who have received minimal or no supplemental O2, 
and the causes that lead to retinal detachment in each neo-
nate are unknown.

The hypothesis brought forward in the 1990s, in which 
genetic factors are capable of contributing to the develop-
ment of ROP, is corroborated by variations seen in various 
ethnic groups. For example, some evidence suggests that 
African Americans are less inclined to develop the disease 
compared to whites. In addition, Alaska natives develop 
the “threshold” stage of ROP earlier than nonnatives, 
which confirms how genetic factors, along with socioeco-
nomic and dietary factors, can play a role [85].

The clinical ocular characteristics of acute ROP, such as ret-
inal folds, vitreoretinal traction, and detachment, show many 
similarities with a rare familial disorder, the Norrie  disease, 
and with familial exudative vitreoretinopathy (FEVR). Due 
to similar ocular manifestations the putative genes of these 
two diseases were obvious candidates for describing ROP 
development. However, studies that attempted to quantify 
the contribution of the genes to the development and pro-
gression of the disease have proven inconclusive [86].

Many other risk factors have been associated with the 
onset of ROP, but it is not clear if these are actual inde-
pendent risk factors or simply indicators of the degree of 
neonatal impairment. These factors include bronchopul-
monary dysplasia, number of blood transfusions, paren-
teral nutrition, hypocapnia/hypercapnia, hypotension, 
patent ductus arteriosus, necrotizing enterocolitis (NEC), 
intraventricular hemorrhage (IVH), insufficient weight 
recovery after birth, and Candida sepsis [87].

Prognosis

Prognosis for most neonates who develop acute ROP is 
excellent. A great majority of stage 1 and 2 of the disease 
regresses without cicatrices.

Table 16.7 Classification in stages of retinopathy of 
prematurity

Stage 1: Demarcation line: thin flat white line that visibly 
separates the anterior avascular retina (toward the retinal 
edges) from the posterior vascularized retina.

Stage 2: Linear demarcation ridge: flat line of stage 1 grows 
in height, width, and volume and is white pinkish.

Stage 3: Demarcation ridge with extraretinal vascular 
proliferation.

Stage 4: Subtotal retinal detachment: In stage 4A the disease 
does not affect the macula and has a relatively favorable 
vision prognosis; in stage 4B the disease affects the fovea 
and has a usually unfavorable vision prognosis.

Stage 5: Total retinal detachment: detached funnel-shaped 
retina.

“Plus”disease: The “+“ is placed after the disease stage when 
there are dilations of the posterior veins, tortuosity of retinal 
arteries, vitreous opacities, or pupil rigidity. If the “plus” 
disease is observed in the back part of the retina, the patient 
must be strictly monitored due to the high risk of ROP 
progressing to stage V within a few days.

 



292 Cesarean delivery for the preterm neonate

Neonates with stage 3 limited to zone 3 have a similarly 
positive prognosis. Neonates instead with stage 3 “thresh-
old” disease, which remains untreated, have a 50% risk 
of progressing toward total retinal detachment or severe 
cicatricial retractions.

Upon reaching the “threshold” disease, immediate 
treatment halves the risk of developing this outcome. 
However, approximately 20% of eyes in this condition 
progress toward retinal detachment or severe cicatricial 
retractions, even with optimal treatment. The prognosis 
with or without treatment, however, is worse when the 
disease affects zone 1 [49].

COMMUNICATION AND THE ELBW NEONATE
The advancement of medical technology has drastically 
improved the chances for survival for preterm neonates. 
However, the result of these intensive treatments can, at 
times, be of only delaying death or the neonate surviving with 
significant neurological disabilities. The effort undertaken 
to provide for neonatal care frequently is multidisciplinary, 
costly, and, at times, continues for the entire life of the patient.

The emotional and financial fallout on the family from 
the birth of an extremely premature child is the reason why 
it is important to inform the future parents on the impact 
of therapeutic options on life expectancy and outcomes. 
A reasonably acceptable approach to this dilemma is the 
“personalized” prognostic strategy. In this context neona-
tal care is provided at the appropriate level based on the 
expected outcome at the moment in which the therapies are 
performed. With this strategy, the neonate is continuously 
reevaluated, and the prognosis is reformulated according 
to the best available information and in conjunction with 
the best medical opinion. In this approach, the clinicians 
and medical team that care for the patient must bear sig-
nificant responsibility due to the need for continuous and 
accurate assessments of neonatal conditions.

The family must be informed on the current situation 
and prognosis and must be involved in all major decisions 
that can alter the final outcome.

A possible compromise between extreme ethical posi-
tions (each human life must be defended and “do no 
harm”) could be, on the one hand, to weigh on a case-by-
case basis the probable benefits that can be achieved with 
the medical treatment and, on the other, the pain inflicted 
to the patient during the therapy (following the propor-
tionality of treatment principle).

In any case, the reason that leads us to not start a treat-
ment or to interrupt a treatment that is underway should 
be to prevent the neonate from suffering pain that is dis-
proportionate to the benefits, and not to prevent survival 
with a possible disability.

For this method to be successful, both a medical staff 
spokesperson and a nursing staff spokesperson should be 
assigned with the task of discussing the various options 
with the family. The medical spokesperson must under-
stand the worries and wishes of the parents, which many 
times are based on a complex combination of values and 
cultural influences, religious convictions, and education.

The parents must be encouraged to take an active part 
in the decisions and their rights must be respected. In case 
of disagreement or conflict between the medical recom-
mendations and the parents’ will, an option might be to 
involve the hospital bioethics committee. The clinician has 
the responsibility to explore and possibly try to change the 
decision reached by the parents, should the decision be 
contrary to the best interests of the neonate. If the clinician 
involved in the neonatal care is uneasy with the decision 
reached by the parents, even though this decision is a stan-
dard medical practice, the clinician may ask to be replaced.

Communication relative to potential 
neonatal outcomes

Most parents are not familiar with the complexity of the 
therapies required for an extremely premature neonate in 
an intensive care unit or after hospital discharge.

Many times the information must be provided in small 
fragments and at frequent intervals to help the parents 
understand the single problems that arise. The parents 
need clear and consistent explanations on the various sup-
port procedures necessary in the first days of life, along 
with information on the possible complications of extreme 
prematurity and intensive care. It is also necessary to pro-
vide information on the survival percentages for the spe-
cific gestational age and on the long-term outcomes. When 
providing this information both the current literature and 
local percentages must be considered [88].

Survival at 22 weeks and <500 g occurs sporadically, 
though survival without complications is basically nonexis-
tent. According to data from a document by the “California 
Perinatal Quality Care Collaborative” (CPQCC), which col-
lected information from NICUs in California, the mortality 
rate at 22 weeks is 100%. This percentage decreases to 71% at 
23 weeks, and drops to 40% at 24 weeks. Survival is expected 
for most neonates over 24 weeks, with a survival rate of 68% 
at 25 weeks and 88% at 26 weeks. These data are similar to 
that obtained by the Vermont Oxford Network [89].

The incidence of handicaps usually defined by the pres-
ence of cerebral palsy, low intelligence test scores, blind-
ness, or deafness is high and close to 70% in survivors at 
23 weeks. This value decreases to 40% at 24 weeks and does 
not change for neonates up to 26 weeks of gestation [90].

In light of the mortality and morbidity of these frag-
ile patients, planning with the parents is complex and 
requires profound and meditated discussions, preferably 
both before the birth and immediately after the birth, 
when an evaluation of the gestational age, weight, and 
actual neonate conditions are more accurate.

Recommendations

 1. Parents are responsible for deciding which medical 
interventions are to be performed on their children 
that are at the viability threshold, and should be treated 
with respect and compassion.

 2. All information needed for making informed decisions 
must be provided to the parents, who decide on the treat-
ment their child will receive. In explaining the options it 
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is important to not guide the parents toward solutions, 
even though they may frequently have this need and 
appreciate these recommendations. Ideally, a close sup-
port relationship should be established with the parents.

 3. If possible the gynecologist, neonatologist, and parents 
should all meet before the birth to discuss the possible 
outcomes and the treatment options.

 4. Ideally, the initial conversation should take place as 
soon as the condition has been identified. The discus-
sion should center on the specific problems present 
(prenatal steroids, PPROM, presence of IUGR, pres-
ence of congenital anomalies, or other factors that have 
repercussions on mortality and morbidity).

 5. The neonatologist must emphasize that expectations 
for the neonate might change after birth, when the info 
on the estimate of gestational age, the real conditions at 
birth, as well as the response to reanimation and stabili-
zation maneuvers can be based on more accurate criteria.

 6. After birth, the parents must be informed of the 
expected outcome in the delivery room or in the neo-
natal intensive care unit.

 7. If the initial evaluation differs from the expected one 
(different maturity, dimensions, conditions, anoma-
lies) it must be communicated to the parents so they 
can act accordingly.

 8. In situations in which
 a. There is ambivalence in the parents’ decision
 b. The doctor is uncertain about the gestational age
 c. There is not enough time before birth to carry out a 

discussion
   It is best to resuscitate and then stop support, if deemed 

appropriate, rather than not intervening initially but 
only afterward. Decisions should always be based on 
frequently evolving evaluations of the clinical conditions 
and prognosis. The decision to provide complete neona-
tal support at birth is not irrevocable. Parents should be 
assisted in their decision on whether to suspend or con-
tinue life support interventions on the basis of the same 
continuously changing evaluations of the clinical condi-
tions, prognosis, and best interest of the neonate.

 9. Compassionate care must be provided to those neonates 
for whom it has been decided to not provide medical 
interventions after birth, and with gestational age and/
or clinical conditions that have not changed from those 
established with the parents before birth. This includes 
maintaining a neutral environmental temperature, 
cleanliness, complete care management, human con-
tact, and the use of analgesics when appropriate. The 
parents should be encouraged to touch and hold the 
child, if they so desire, both before and after the death.

 10. Mortality and statistics on long-term outcomes 
constantly change with changes in perinatal care. 
Furthermore, due to the considerable variation among 
the various centers, it is also recommended that each 
hospital develop and update, at least annually, its own 
numbers on survival and outcomes. In addition, the 
approach in regard to perinatal outcomes should be 
based on the best local information available.

Communication before birth

• Proper communication between the parents and all the 
professionals involved in the treatment is of primary 
importance.

• The clinicians with the most experience chosen from the 
gynecologist, neonatologist, and obstetrician, should 
agree on a provisional treatment plan based on clinical 
information and on updated outcome data. If possible, 
time should be allocated so that all the interested par-
ties can consider the various options and assimilate the 
information.

• The treatment plan should be clearly recorded and 
accessible to the entire medical staff.

• The parents should be encouraged to seek support from 
other family members and religious counselors.

• Clinicians should know the current statistics on sur-
vival and neonatal morbidity for their own operating 
unit and the major regional centers.

Recommendations for treatment

 1. Neonates with gestational age of 22 complete weeks 
(from 154 to 160 days)

 a. Anecdotal evidence on the survival of these neo-
nates indicates that it is dependent on individual 
physiological variation. There are no real evalua-
tions on outcomes.

 b. The decision on which treatment to implement is 
primarily based on maternal health, and no cesar-
ean delivery should be performed without taking 
into account the woman’s health. Maternal request 
for cesarean delivery should be dissuaded.

 c. The neonatologist must be present at birth, if previ-
ously agreed, with the objective of supporting the 
parents and the medical team and for confirming 
the maturity.

 d. Only compassionate palliative care must be provided 
to the neonate. Active treatments must be imple-
mented only upon request of the fully informed par-
ents or if the gestational age at birth is underestimated.

 2. Neonates with gestational age between 23 and 24 com-
plete weeks (from 160 to 174 days)

 a. In these cases a cesarean delivery in the presence 
of fetal distress is not appropriate and is rarely per-
formed due to the high percentage of mortality and 
the risk of negative outcomes for future pregnan-
cies tied to the type of uterine incision performed 
(chances for survival are below 50% and the per-
centage of developing moderate to severe handicaps 
in survivors is even greater).

 b. An exception is a neonate close to 25 weeks.
 c. The will of the fully informed parents can override 

the opinion of the gynecologist in terms of inap-
propriateness of the cesarean delivery. In this case 
a second consultation is required and maternal care 
is transferred to another colleague.

 d. The initial treatment of the neonate at this age 
should be in agreement with the will of the parents. 
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However, there must be a discussion with the par-
ents on the importance of being flexible in their 
decisions on how to start and suspend reanimation 
based on the conditions of the neonate.

 e. Monitoring the fetal heart rate during natural 
birth can help the neonatologist decide whether 
reanimation or provisional intensive care is 
appropriate.

 f. External cardiac massage and the use of adrenaline 
do not show any improvement in survival rates and 
are rarely appropriate <25 weeks.

 g. Factors that must be considered in reanimation are
  Evidence of perinatal asphyxia
  Widespread ecchymosis
  Low or no heart rate at the moment of birth
 h. The fetal response to active reanimation is criti-

cal in deciding whether to implement provisional 
intensive care. If the heart rate rises rapidly and the 
color improves, it is recommended to transfer the 
neonate to the NICU for evaluation. Further treat-
ment will depend on the response of the neonate to 
the treatment.

 3. Neonates with gestational age between 25 and 26 com-
plete weeks (from 175 to 188 days)

 a. Decisions regarding the “method of delivery” 
should be based on the best interest of the mother 
and neonate.

 b. In considering the increased survival rate at these 
gestational ages (50%–80% in worldwide literature), 
priority must be given to neonatal survival.

 c. Although there is a lack of evidence regarding the 
best way to perform a delivery, vaginal birth must 
be preferred in the case of rapid cervix dilation, 
with the fetus in the cephalic presentation.

 d. In the case of fetal impairment during labor, or in 
its absence with closed cervix, the cesarean delivery 
is the widely accepted method.

 e. In the case of breech presentation or of multiple 
births, there is general agreement on implementing 
an elective cesarean delivery.

 f. If the parents initially refuse a cesarean delivery, 
make sure that they fully understand the implica-
tions and the possible outcomes of their decision.

 g. The neonatologist actively reanimates the neonate 
in compliance with the previous criteria based on 
conditions at birth.

 h. If possible, a decision (commonly agreed to by 
the parents and the neonatal care team) should be 
taken after birth on whether to maintain or sus-
pend the treatments, and these decisions must be 
clearly recorded on file.
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17The neonate from cesarean delivery
OLA DIDRIK SAUGSTAD

INTRODUCTION
Cesarean delivery (CD) in many cases contributes to a 
higher survival and better outcome for the newborn. In 
acute conditions it may prevent or limit perinatal adverse 
effects and reduce the risk of hypoxic ischemic encepha-
lopathy (HIE). It seems, therefore, that a ratio that is too 
low is associated with an increased neonatal risk. On the 
other hand, a CD ratio above a certain level probably does 
not further reduce neonatal morbidity and mortality.

The challenge is therefore to find the right balance, 
because it may increase short- and long-term child mor-
bidity. In a study from 19 countries from North and West 
Europe, North America, Australia, New Zealand, and 
Japan, Ye et al. [1] analyzed the relation between the ratio 
and neonatal and infant mortality. Once the delivery rate 
reached 10%, a further increase in the delivery rate had no 
impact on maternal, neonatal, and infant mortality rates 
(Figure 17.1).

Elective CD is increasing due to many factors including 
increased maternal age, assisted reproductive technology, 
fetal monitoring, breech delivery, and maternal request. 
The rise is predominantly attributed to the rise in rates 
of first-time CD, which may lead to repeat CD in 90% of 
cases. Maternal autonomy versus neonatal outcomes is 
therefore an important issue. Further, CD on demand will 
lead to more transfers to the neonatal intensive care unit 
(NICU) and the spending of more resources, with a finan-
cial and societal impact that should be considered.

It has been increasingly understood that there is 
increased risk even when uncomplicated deliveries occur 
2–3 weeks before term. Studies have shown that increased 
morbidity in the newborn, especially respiratory morbid-
ity. Already in 1995, Morrison et al. [2] published data 
from UK of term infants born between 1985 and 1993 
comparing elective CD with vaginal delivery, showing 
that risk of respiratory morbidity was increased 7 fold, 
OR 6.8 (95% CI 5.2–8.9); however, CD infants had a ges-
tational age of 37–39 weeks versus 40 weeks in the vagi-
nal group. Kolås et al. [3] found, for instance, an almost 
doubled risk of transfer to the NICU after planned cesar-
ean versus planned vaginal delivery (9.8% versus 5.2%); 
however, CD children had more than one week lower ges-
tational age (mean 38.5 vs 39.7 weeks) than those deliv-
ered after planned vaginal birth. The recent years it has 
therefore been understood that there is increased neonatal 
morbidity even when uncomplicated deliveries occur only 
2–3 weeks before term. Studies have shown that CD per 
se increases morbidity in the newborn, especially respira-
tory morbidity. Elective CD therefore leads to more trans-
fers to the NICU and spending of more resources, with a 
financial and societal impact which should be considered 

[4]. This information has to be balanced against the risk 
of unexplained stillbirths which increases from 0.2/1000 
deliveries at week 37 to 0.5/1000 deliveries week 38 [5]. 
Therefore, both British and American societies in obstet-
rics recommend elective CD to be scheduled after 39 com-
pleted weeks of gestation [6].

In this chapter short-term and potential long-term 
effects of CD on the child are discussed. It is not only a 
question of respiratory morbidity, but also whether immu-
nology may be changed permanently after CD.

Delivery at term: Effect of gestational age

A number of studies have demonstrated increased neona-
tal morbidities even when the delivery was induced at 37 
and 38 weeks’ gestation. Typically, respiratory morbidi-
ties are about twofold increased at 37 weeks compared to 
39 weeks. A large multicenter U.S. study by Tita et al. [7] 
on the effect of repeat elective CD of births between 1999 
and 2002 concluded that elective repeat CD at 37 and 38 
weeks compared with 39 weeks’ gestation is associated 
with respiratory and other adverse neonatal outcomes. 
The composite outcome was neonatal death and adverse 
events such as respiratory complications, treated hypogly-
cemia, newborn sepsis, and admission to the NICU. The 
odds ratio (OR) for this adverse outcome was 2.1 (95% CI 
1.7–2.5) for 37 weeks versus 39 weeks. For 38 versus 39 
weeks OR was 1.5 (95% CI 1.3–1.7). RDS + TTN decreased 
from 8.2% to 3.4% from 37 to 39 weeks, need of ventilation 
decreased from 9.1% to 3.6%.

Wilmink et al. [8] in the Netherlands performed a ret-
rospective cohort study including all elective CD of sin-
gleton pregnancies (N = 20,973) between 37 and 40 weeks’ 
gestation. Of these 56% were performed < 39 + 0 weeks of 
gestation, 31.7% were performed at 39 + 0–6  weeks, and 
11.7% ≥ 40 + 0 weeks. The composite neonatal outcome 
of death and neonatal morbidity (advanced resuscitation, 
sepsis, respiratory complications, need of ventilatory sup-
port, hypoglycemia, neurologic morbidity, admission to 
the NICU 5 days or more, and a 5 min Apgar score < 4).

The numbers of this outcome were 20.6% at 37 weeks, 
12.5% at 38 weeks, and 9.5% for neonates at 39 weeks’ ges-
tation (ORs 2.4 [95% CI 2.1–2.8] and 1.4 [95% CI 1.2–1.5], 
respectively). Combined respiratory outcome was 6.8% at 
37 weeks’ gestational age, 3.5%, 2.1%, 2.0%, and 1.8% in 
38, 39, 40, and 42 weeks, respectively. In babies 42 weeks 
and more there were only 0.8% having this outcome 
(Figure  17.2). Figure 17.2 shows the varying importance 
of outcome measures such as transferral to the NICU, 
transient tachypnea of the newborn (TTN), respiratory 
distress (RDS), use of continuous positive pressure ven-
tilation (CPAP), and hypoglycemia from gestational week 
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37 to week 41; weeks 37 and 38 have an increased morbid-
ity compared to weeks 39, 40, and 41.

A similar study was carried out in Australia by Doan 
et al. [9] including 14,447 mother–baby pairs in the period 
of 1998–1999. CDs at 37 and 38 weeks were compared to 
39–42 weeks’ gestation. Serious neonatal morbidity (com-
prising all neonates admitted to the NICU and receiving 
assisted ventilation with mechanical ventilation and/or 
continuous positive airway pressure (CPAP) was more 
than doubled in the youngest group (1.16% versus 0.48%) 
with adjusted OR 2.74 (95% CI 1.79–4.21).

Nakashima et  al. [10] from Japan compared elective 
CD at 37 weeks compared to 38 weeks between 2006 and 
2012. At 37 compared to 38 weeks there was a significantly 
higher admission to NICU (8.2% versus 4.1%), number of 
respiratory complications (6.7% versus 2.4%), and number 
with hypoglycemia (7.7% versus 2.7%).

Hansen et al. [11] analyzed 34,458 deliveries in Denmark 
between 1998 and 2006, of which 2687 were elective vagi-
nal deliveries between 37 and 41 weeks gestation. They 
showed that respiratory morbidities were higher in elec-
tive C-section versus planned vaginal delivery especially 
in gestational age weeks 37 and 38. Respiratory morbidity 
decreased from 10% at 37 weeks to 1.5% at 40 weeks. In a 

meta-analysis Hansen et al. [12] registering respiratory 
morbidity in term infants delivered at week 37, 38, and 39 
it was found that elective CD increased the risk of vari-
ous respiratory morbidities in the newborn, typically 2–3 
times (however, data were not corrected for gestational age 
differences).

Planned vaginal versus elective CD

Effect of CD on respiratory morbidity

Even when gestational age for elective CD and planned 
vaginal delivery are matched a 2–3 fold increase of mor-
bidities are found in the CD group when delivery occurs at 
week 37 and 38. When Morrison et al. [2] compared CD at 
39 weeks with vaginal delivery at 40 weeks OR for respira-
tory morbidity was still high, 3.5 (95% CI 1.7–7.1).

In one study in newborn babies with gestational age 
>36 weeks, Kolas et  al. [3] compared elective CD with 
uncomplicated vaginal delivery in a large cohort in 
Norway. When correcting for the difference in gesta-
tional age of 38.5 (SD 1.1) weeks in the elective CD group 
vs 39.7 (SD 1.3) weeks in the planned vaginal group, the 
difference in respiratory morbidity was only slightly 
reduced. However, for term infants ≥39 weeks there was 
no difference in the outcome between the groups. These 
results indicate that there were added morbidities when 
elective CD is carried out   between 38 and 39 weeks, 
and that this increased morbidity exists at least up to 39 
weeks of gestation.

Hansen et  al. [11] compared respiratory morbidity in 
elective CD with planned vaginal delivery week by week 
between 37 and 41 weeks of gestation; there were higher 
rates in elective CD compared to planned vaginal delivery. 
At 37 weeks OR (95% CI) was 3.9 (95% CI 2.4–6.5) and 
3.0 (95% CI 2.1–4.3) at 38 weeks. Even at 39 weeks these 
authors found an increased risk OR 1.9 (95% CI 1.2–3.0) 
for respiratory complications after elective CD. When 
analyzing low risk pregnancies alone more or less identical 
data were found. However, at 40 and 41 weeks there were 
no differences between elective CD and planned vaginal 
delivery. By excluding children with conditions that clearly 
add to child morbidity (such as meconium aspiration syn-
drome, sepsis, and pneumonia), the rates for OR (95% CI) 
for respiratory morbidity were 4.3 (2.6–7.2), 3.2 (2.2–4.6), 
2.1 (1.3–3.4), and 1.2 (0.3–4.8) for weeks 37, 38, 39, and 40, 
respectively. This strongly indicates that increased child 
morbidity due to CD is present up to 40 weeks. Figure 
17.3 shows the respiratory morbidity for elective CD and 
planned vaginal delivery in their study. Figure 17.4 shows 
the same pattern for serious respiratory morbidity.

An Italian study by Zanardo et al. [13] compared elective 
C-section and planned vaginal delivery between 37+0 and 
41+6 weeks; in total 10,177 live births of women delivering 
between 1998–2000 were included. Gestational ages were 
38.8 weeks in both groups. However, NICU admission was 
1.3% versus 0.6% in the CD group and controlled vaginal 
delivery group, respectively. OR for neonatal respiratory 
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morbidity was 2.6 (95% CI 1.35–5.9). Respiratory problems 
(defined as respiratory distress and transitory tachypnea) 
were significantly higher in infants delivered by CD than 
in planned vaginal delivery at weeks 37 and 38; however, at 
weeks 39 and 40 there was no increased risk of respiratory 
adverse outcome between the groups.

A study by Stutchfield et al. [14] indicates that betameth-
asone may reduce respiratory morbidity after CD, even at 
term; from 37 to 39 weeks a risk reduction of 5.1% to 2.4% 
(RR 0.46 95% CI 0.23–0.93) after two doses of betametha-
sone was found. The European guidelines for respiratory 
distress syndrome therefore recommend betamethasone 
at elective CD <39 weeks [15] (Figure 17.5). The risk is of 
course an explosive use of antenatal betamethasone to 
fetuses near 40 weeks.

Effect on other morbidities

Neonatal infections are reduced by gestational age after 
planned CD compared to planned vaginal delivery. 
Wilmink et al. [8] found a reduction in neonatal sepsis from 
0.8% at 37 weeks versus 0.4% 1 week later. Hypoglycemia 

was not unexpectedly also higher in infants delivered at 
37 weeks (3.2%) compared to 38 weeks (2.0%), 39 weeks 
(1.5%), and 40 weeks (2.0%); there was also more hyper-
bilirubinemia in the 37 week group (1.7%) versus 0.2% at 
40 weeks (0.2%); there was no difference in convulsions [8]. 
Kolås et al. [3] found infections in 0.8% in the planned vag-
inal group vs 0.5% in the planned CD group; however, this 
difference was not significant (RR 0.63, 95% CI 0.23–1.60). 
CD can prevent a limited number of infections transmit-
ted from the mother to the newborn: herpes simplex virus 
active in labor (Figure  17.6) and HIV (>1000 copies/mL) 
should be considered for possible CD (Figure 17.7). The 
NICE guidelines from the UK state that on grounds of HIV 
status CD should not be offered to a woman with a high 
active antiviral load of less than 400 copies/mL or a woman 
receiving any antiretroviral therapy with a viral load of less 
than 50 copies/mL [16].

Vaginal delivery is associated with a colonization of 
normal gut flora. Lack of this after CD may have long term 
consequences; data indicate that CD is associated with 
a 50% increased risk of severe asthma [17,18], as well as 
increased food allergy [19]. One study also indicated an 
increase in type 1 diabetes with childhood onset [20], OR 
1.23 (95% CI 1.15–1.32).
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Fetal injury related to mode of delivery

Overall, fetal injury is greater in vaginal deliveries, par-
ticularly if instruments are used (Figures 17.8 and 17.9).

Such injuries are of course dependent on the size of 
the fetus. In the USA fetal macrosomia was reported in 
approximately 10% of all births from 1996–2002; birth-
weights above 4.5 kg were reported in approximately 
1.5% of all births; the risk of shoulder dystocia increases 
with birthweight and is 5–10 times higher in children 
with birth weight >4.5 kg compared to 3.5–3.75 kg [21]. 
At 39 weeks shoulder dystocia was registered 0.047%–
0.6% after vaginal and 0.0042 to 0.095% after CD at 
maternal request (Figure 17.10). It is estimated that 10000 
CD are needed  to prevent one permanent brachial plexus 
injury [21].

The fetal death rate increases toward term. Fretts et al. 
[22] reported a fetal death rate of 1.3 per 1000 live births 
at 37 weeks to 2.0 at 38 weeks, 2.9 at 39 weeks, 3.8 at 40 
weeks, and 4.6 at 41 weeks. Both fetal death and hypoxic 
ischemic encephalopathy are significantly reduced by elec-
tive repeat CD compared to those who underwent trial of 
labor [23].

Although elective CD may be protective for the develop-
ment of neonatal encephalopathy, to date it has not been 
proven to be protective on long-term neurological injuries.

Elective CD in week 39 versus expectant management 
showed that 1441 CDs were needed for preventing one 
death, and 2653 CDs to prevent one brachial/plexus injury.

Only a few congenital anomalies show a benefit for CD. 
These are hydrocephalus with macrocephaly (Figure 17.11), 
omphalocele with extracorporeal liver (Figure 17.12), ante-
rior cystic hygroma (Figure 17.13), and hydrops fetalis. A 
vaginal delivery can be attempted in sacrococcygeal tera-
toma with a tumor less than 5 cm (Figure 17.14) [24].

CD IN PRETERM
A study from Germany by Bauer et al. [25] in extremely 
premature infants showed a more favorable outcome if 
they were born vaginally compared to CD; survival rates 
were 78% in infants born vaginally compared to 48% in 
the CD group. There were also fewer complications in the 
vaginal group compared to the CD group; intraventricular 
haemorrhage of grade III and IV was 18% versus 33% and 
periventricular leukomalacia 4% versus 14%; neonatal sep-
ticemia was also reduced (33% versus 52%).

Figure 17.6 Genitalis infection of herpes simplex virus 
(HSV) (the microscopic HPS-2 three-dimensional model, top 
right) and elective cesarean delivery. (Modified from Malvasi 
A, Di Renzo GC. Semeiotica Ostetrica, Rome, Italy: CIC Edizioni 
Internazionali; 2012.)

Figure 17.7 Cesarean delivery in patient with HIV infec-
tion (the electronic microscopic image of HIV and schematic 
virus ultrastructure, top and left). (Modified from Malvasi A, 
Di Renzo GC. Semeiotica Ostetrica, Rome, Italy: CIC Edizioni 
Internazionali; 2012.)
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Figure 17.8 Vacuum extraction failure during vaginal delivery and neonatal brain hemorrhage.

Figure 17.9 Left facial palsy in the baby, after forceps application in dystocic vaginal delivery and VIII cranial nerve injury.
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However, vaginal breech delivery in low birth weight 
newborns in nulliparous women is associated with 
increased neonatal mortality [26]. In the birth weight 
group 500–100 gram OR(95% CI) for mortality was 11.7 
(7.9–17.2) in vaginally versus SC delivery; for birth weights 
1001–1500g and 1501–2000 g the risks were 17.0 (6.8–42.7) 
and 7.2 (2.4–21.4). Even for birth weights between 2001 
and 2500 g OR for death was 6.6 (2.1–21.2) in vaginal 
versus CD children in breech position. Birth trauma was 
increased 4–5 fold in children with birth weight between 
1500 to 2500 grams. A 3–4 fold increased risk of birth 
asphyxia in birth weights between 2000–2500 gram was 
also reported in breech if delivered vaginally compared to 
CD. Based on these data the vaginal route has an advan-
tage compared to CD in immature infants; however, low 
birth weight infants in breech position should be delivered 
by CD (Figure 17.15).

CONCLUSIONS
CD is on the rise, and that is not always justified, especially 
not if the outcome for the child is taken into account. A CD 
rate of more than 10%–15% seems not to increase neonatal 
survival. Elective CD before 39 weeks carries unaccept-
able risks. In fact, elective CD in week 39 versus expectant 
management showed that 1441 CDs were needed for pre-
venting one death, and 2653 CDs were needed to prevent 
one brachial/plexus injury.

For many societies, a high CD rate adds serious finan-
cial burdens that are not medically justified. Women 

Figure 17.11 Elective cesarean delivery in case of fetus 
with hydrocephalus and macrocephaly.

(a)

(b)

Figure 17.10 (a and b) Elective cesarean delivery for the 
shoulder dystocia and brachial plexus injury.
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Figure 17.14 Cesarean delivery (top) in the fetus at gesta-
tional term with giant sacrococcygeal teratoma (bottom).

(a)

(b)

Figure 17.13 (a and b) Cesarean delivery in case of fetus 
with anterior cystic hygroma (arrow).

Figure 17.12 Omphalocele with extracorporeal liver (left arrow) require elective cesarean delivery (right).
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considering CD should be made aware of available data on 
potential risks and benefits for the fetus and the newborn. 
Due to the potential complications in the child, the ethics 
of accepting CD on demand, therefore, is debatable.
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18General anesthesia for cesarean delivery
Indications and complications
KRZYSZTOF KUCZKOWSKI, YAYOI OHASHI, and TIBERIU EZRI

INTRODUCTION
Anesthesia for obstetrics is considered by many to be a 
high-risk subspecialty of anesthesiology, which is laden 
with clinical challenges and medicolegal liability [1]. 
Obstetric anesthesia-related complications are the sixth 
leading cause of pregnancy-related maternal mortality 
in the United States [2]. The vast majority of anesthesia-
related maternal deaths occur under general anesthesia 
[1–13]. Most general anesthesia-related maternal deaths 
are attributed to failed intubation, failed ventilation/
oxygenation, and/or pulmonary aspiration of gastric 
contents [1–13]. Predisposing factors include non-preg-
nancy-related maternal conditions (e.g., difficult airway 
and obesity), pregnancy-related maternal conditions (e.g., 
pregnancy-induced hypertension), and/or emergent cir-
cumstances requiring expeditious surgical delivery of 
the fetus (e.g., fetal distress) [12]. Ezri et  al. created “the 
inverted traffic light”—a simple, difficult obstetric airway 
algorithm [3] (Figure 18.1).

ANESTHESIA-RELATED MATERNAL MORTALITY
Databases:

• Confidential Enquiry into Maternal and Child Health 
(CEMACH), United Kingdom

• Centers for Disease Control and Prevention (CDC), 
United States

• American Society of Anesthesiologists (ASA) closed 
claims reports

Obstetric anesthesia-related maternal mortality is 
decreasing [2,12]. One of the primary reasons behind this 
decrease in maternal mortality is the increased percent-
age of cesarean deliveries performed under regional versus 
general anesthesia. The primary causes of anesthesia-
related mortality have also changed from airway problems 
and aspiration pneumonitis (in the 1980s) to high spinal 
block (complication of regional anesthesia), obesity, and 
airway problems (in the 1990s and 2000s) [14].

A report by Davies et al. comments on the results of the 
1990–2003 closed claims analysis in obstetric anesthesia 
and compares them with the pre-1990 period in the United 
States [14]. While anesthesia-related maternal mortality 
was decreasing, there was still a significant (and very con-
cerning) number of severe maternal and fetal complica-
tions and deaths. The causes of bad fetal outcome in some 
cases in this report were still linked to airway problems 
under general anesthesia [14].

The Confidential Enquiry into Maternal and Child 
Health (CEMACH) in the United Kingdom reported that 
in the analyzed period (2003–2005), six mothers died of 
direct anesthesia-related causes and 31 mothers died from 
indirect anesthesia-related causes. Maternal obesity was 
a leading predisposing cause of death [15]. Two parturi-
ents died due to lack of proper training and experience 
in difficult airway management by the anesthesia provid-
ers. Airway problems during extubation were often over-
looked [15].

Rahman et al. reported that failed intubation in obstet-
rics occurred in 20 cases (1:238) during a 5-year period 
(1999–2003) in the United Kingdom [16]. The authors 
concluded that failed tracheal intubation is still managed 
badly (poor applications of algorithms and drills) in the 
United Kingdom.

The incidence of difficult and failed intubation and 
failed mask ventilation in obstetrics is uncertain, but it 
seems to be higher in pregnant compared to nonpregnant 
patients [3,12]. Difficult intubation occurs in 7.9% of the 
nonobese pregnant versus 1%–2% of the nonobese general 
surgical patients and in 35% in obese obstetric versus 12% 
in obese nonobstetric patients [17]. These findings are con-
cerning as obesity among pregnant women in the United 
States and many other countries is on the increase [18]. 
The “ramped” position for intubation of obese parturients 
is recommended [3,12,19].

INDICATIONS FOR GENERAL ANESTHESIA IN 
CESAREAN DELIVERY
In the modern practice of obstetric anesthesia, regional 
anesthesia has become a “gold standard” for cesarean deliv-
ery, and it is used whenever possible. (Please see Chapter 
19, “Local Anesthesia for Cesarean Delivery: Epidural, 
Spinal, and Combined Spinal-Epidural Anesthesia,” for 
additional information.) General anesthesia is used only 
when it is absolutely necessary. As a result of increased 
popularity of neuraxial blocks in obstetrics, the use of 
general anesthesia has decreased over the last two decades 
(and continues to do so) [12,20,19].

However, general anesthesia is still indicated for emer-
gent “stat” cesarean deliveries—when time of delivery is 
of essence [2,3,12]. In all urgent/emergent cases, the anes-
thesiologist, obstetrician, and neonatologist must weigh 
the severity of fetal distress against the risks of general 
anesthesia to the mother [21]. To complicate this mat-
ter further, most general anesthetics for urgent/emergent 
cesarean deliveries are administered to mothers with high 
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incidence of coexisting disease (e.g., obesity) leading to 
higher incidence of adverse outcomes [18–21]. It is impera-
tive to provide safe anesthesia for the mother without 
compromising the well-being of the fetus and newborn.

There are a few contraindications to general anesthesia 
for cesarean delivery, which include maternal conditions 
such as difficult airway, severe asthma, and history of 
malignant hyperthermia [2,3,12].

Given the decreased use of general anesthesia for cesar-
ean delivery over the past two decades, concerns have 
been raised that anesthesia residents in training may not 
gain adequate experience in this technique, what has been 
described as the “vanishing art of general anesthesia in 
 obstetrics” [22].

PREPARATION FOR ANESTHESIA
Irrespective of the type of anesthesia selected (general ver-
sus regional) for cesarean delivery, preparation for anes-
thesia is the same and includes several important steps, as 
outlined in Box 18.1. [3,6,8,9,12,13,17,19,20,23–30].

Pre-anesthetic evaluation

The Practice Advisory published by the American Society 
of Anesthesiologists (ASA) in 2012 requires a detailed 
review of the maternal medical, surgical, and anesthesia-
related history; list of medications taken by the parturi-
ent; known drug allergies; results of pertinent laboratory 
tests; and basic maternal vital signs (e.g., blood pressure, 
heart, oxyhemoglobin saturation, and respiratory rate) 
prior to anesthesia (irrespective of the choice of anesthe-
sia) [30]. In addition to preoperative assessment of the 
heart and lungs, physical examination of the pregnant 
women should include detailed evaluation of the airway. 
For regional anesthesia, close attention must be paid to 
maternal coagulation status and evaluation of the back 
area, with particular emphasis on the needle insertion site 
[31,32]. (Please see Chapter 19 entitled “Local Anesthesia 
for Cesarean Delivery: Epidural, Spinal, and Combined 
Spinal-Epidural Anesthesia,” for details.)

Maternal coagulopathy (e.g., associated with hemolysis, 
elevated liver enzymes, low platelet count [HELLP] syn-
drome, placental abruption, and/or maternal sepsis), as 
well as maternal anatomical disorders (e.g., spina bifida 
and previous back surgery) or neoplasms at the site of 
needle insertion, may contraindicate regional anesthesia 
[19,20]. Maternal hypovolemia may constitute another 
contraindication to neuraxial anesthesia. In all these cir-
cumstances general anesthesia would be required.

Pre-anesthetic medications

Nonobstetric surgical patients often receive other (non-
anesthetic) medications before anesthesia. Most pregnant 
women do not need sedative drugs before the administra-
tion of general anesthesia for cesarean delivery [12,17]. 
Sedative drugs should be avoided until after the delivery 
of the infant. Most pregnant patients want to enjoy and 
remember their childbirth experience as much as pos-
sible. If absolutely necessary, the anesthesia provider may 
administer a small intravenous dose of a benzodiazepine 
(e.g., midazolam 0.5–2 mg), and/or an opioid (e.g., fentanyl 
25–50 mcg). Small doses of the above medications should 
have minimal effect on the fetus and neonate. A major dis-
advantage of the pre-anesthetic administration of benzo-
diazepines is their potential for amnesia (an effect clearly 
not desired in pregnant women) [12,17,19,20].

Aspiration prophylaxis

Prophylactic administration of nonparticulate antac-
ids, H2 receptor blockers, and/or metoclopramide should 
be considered prior to cesarean delivery under general 
anesthesia. [30,33–35]. Anticholinergic agents (e.g., atro-
pine) decrease oral secretions and lessen the likelihood of 
maternal bradycardia during anesthesia. Atropine read-
ily crosses the placenta; in contrast, glycopyrrolate does 
not readily cross the placenta, and it is the anticholinergic 
agent of choice in pregnant women. Glycopyrrolate may 
be given intravenously just before the administration of 
anesthesia (e.g., in urgent or emergent cesarean delivery) 

Box 18.1 Preparation for anesthesia

 • Pre-anesthetic evaluation
 • Pre-anesthetic medications
 • Aspiration prophylaxis
 • Intravenous fluids (crystalloid coloading or colloid 

loading)
 • Maternal positioning
 • Maternal monitoring

B1. Di�cult
Laryngoscopy/intubation

*Call for help
*Change head/neck position

*OELM, use a bougie
*Reduce cricoid pressure

*Change once handle and blade
*Videolaryngoscopy

*Maximum 3 attempts

B2. Failed intubation
*Avoid a second dose of

succinylcholine
*Oxygenate and call for ENT
*Allow spontan. ventilation

*Awaken and go to “A”; Local an?
Or GA if grade 1 CS:

*An LMA variant—if fails:
Other supraglottic device

*Surgical airway?

A. Predicted di�cult airway
Predicted and nonemergent CS:

*Inform surgeon
*Early epidural placement
*Epi or spinal for CS; if fails:
awake intub; if all fail: GA?

(Predicted and Grade 1 CS–GA)

C. Failed intubation and
di�cult/failed ventilation

*Head extension, jaw thrust,
Oral airway, 3–4 hand ventilation
*LMA—if fails: Other SGL device

*Reduce cricoid pressure
*If oxygenation ok:

Awaken and go to “A”
If fails: TTNJV, Cricothyrotomy

*If all fail: Tracheostomy
*Continue GA if grade 1–CS

Or local anesthesia?

Figure 18.1 The “inverted traffic light” difficult obstetric 
airway management algorithm. (From Ezri T et al., J Clin Monit 
Comput 2012;26:491–492. With permission.)
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or intramuscularly 30–60 minutes before the induction of 
anesthesia (e.g., in elective cesarean delivery).

Metoclopramide is a procainamide derivative that is 
a dopamine receptor antagonist centrally and a cholin-
ergic agonist peripherally. A small (e.g., 10 mg) intrave-
nous dose of metoclopramide increases lower esophageal 
sphincter tone, has an antiemetic effect, and reduces gas-
tric volume within 10–15 minutes by increasing gastric 
peristalsis [12,17].

Healthy parturients scheduled for elective cesarean 
delivery may be allowed to drink a modest amount of 
clear liquids until 2 hours before induction of anesthe-
sia. Solid foods should be avoided for 6–8 hours prior to 
surgery [30].

Intravenous fluids: Crystalloid coloading 
or colloid loading

Pregnant women should receive an intravenous infusion 
of crystalloid solutions (e.g., 0.9% saline or Ringer’s lac-
tate) prior to anesthesia [12,17,20]. The intravenous crys-
talloid coloading is most effective if given within 20–30 
minutes of induction of anesthesia. Alternatively, colloid 
solutions might be used for intravenous fluid therapy prior 
to anesthesia. The rationale behind this hydration strategy 
is to maintain adequate intravascular blood volume and 
prevent hypotension, which might develop after induction 
of regional (more likely) or general (less likely, however 
not uncommon) anesthesia. The incidence of hypoten-
sion is higher under neuraxial blocks, and subsequently, 
some practitioners believe that pregnant women under-
going cesarean delivery under regional anesthesia might 
require more volume for pre-anesthetic hydration than 
those whose surgery is conducted under general anesthe-
sia [12,20]. However, this issue remains controversial.

Treatment of hypotension (in addition to intravenous 
crystalloid or colloid infusions/boluses) is either with 
ephedrine (intravenous boluses of 5–10 mg) or phenyleph-
rine (which can be given by either boluses of 0.05–0.1 mg 
or infusion of 0.025–0.1 mg/min), will be discussed in 
detail in Chapter 19.

Maternal positioning

Maternal positioning for surgery and anesthesia should 
not be overlooked [12,20,30,36]:

• Pregnant women should not lie flat (be it in bed or on 
the operating table).

• In supine position, the gravid uterus compresses the 
aorta and the inferior vena cava against the bodies of the 
lumbar vertebrae leading to aorto-caval compression.

• Aorto-caval compression syndrome may develop.
• Aorto-caval compression should be avoided before and 

during cesarean delivery, regardless of the anesthetic 
technique used.

• It is necessary to maintain left uterine displacement 
before and during the performance of cesarean delivery.

• Special maternal head positioning (on the operating 
room table) for induction of general anesthesia in the 

“sniffing position” is required to facilitate airway instru-
mentation (e.g., laryngoscopy and intubation).

• The “ramped” position for intubation is indicated in 
obese parturients.

Maternal monitoring

Supplemental oxygen should be given to the mother dur-
ing administration of either general or regional anesthesia 
(at least until delivery of the baby). Oxygenation should be 
monitored [37].

The American Society of Anesthesiologists (ASA) 
“Standards for Basic Anesthetic Monitoring” requires 
that, in addition to ECG, heart rate, and blood pressure 
measurement, “a quantitative method of assessing oxy-
genation such as pulse oximetry” be used during the 
administration of either regional or general anesthesia for 
surgery. It is especially important to monitor SpoO2 dur-
ing the induction of general anesthesia [38].

The ASA also requires “continual monitoring for the 
presence of expired carbon dioxide” during the admin-
istration of general anesthesia. End-tidal carbon dioxide 
analysis allows rapid verification of correct placement of 
the endotracheal tube within the trachea. Failure to detect 
carbon dioxide should immediately signal the occurrence 
of esophageal intubation [38].

Monitoring must be initiated on admission to the labor 
and delivery room and/or operating room and contin-
ued until the end of anesthesia/recovery from anesthesia. 
Additional monitoring is individualized depending on 
institutional standards and the condition of the patient.

PREVENTION OF COMPLICATIONS
Prevention of anesthesia-related maternal complications 
should primarily focus on the anesthesia provider’s ability 
to predict the likelihood of these complications (Box 18.2).

DENITROGENATION/PREOXYGENATION
After the pregnant patient is placed on the operating table, 
a folded blanket or a wedge is placed beneath the right 
hip (this is usually done by the obstetric nurse) to ensure 
proper left uterine displacement [12,20]. Appropriate mon-
itors, including a nerve stimulator, are applied. The patient 
should then breathe 100% oxygen through a well-fitting 
facemask. Approximately 3–5 minutes represents the ideal 
interval to achieve denitrogenation (termed traditional or 
T method). When time is of the essence, the patient may 
take four vital-capacity breaths of 100% oxygen (termed 

Box 18.2 Prevention of maternal 
complications under general anesthesia: 
Main focus

 • Aspiration of gastric contents
 • Difficult airway
 • Hypotension
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4DB/30 sec method) just before the induction of general 
anesthesia [12,19,20].

Induction of general anesthesia is performed after the 
gravid abdomen has been prepared and draped and the 
obstetrician is ready to begin cesarean delivery. A rapid 
sequence induction is used. This requires that a qualified 
assistant apply pressure to the cricoid cartilage to occlude 
the esophagus until an endotracheal tube has been inserted 
correctly, the cuff has been inflated, and ventilation of the 
lungs has been verified [20].

INDUCTION AGENTS
The goals of induction agents (Table 18.1) are to

• Ensure maternal hypnosis and amnesia
• Preserve maternal blood pressure, cardiac output, and 

uterine blood flow
• Minimize fetal and neonatal depression

Thiopental

The usual dose is 3–5 mg/kg. Thiopental provides prompt, 
reliable induction of anesthesia, it has few adverse effects 
on airway irritability, its pharmacokinetics are well 
understood, and it results in a smooth emergence from 
anesthesia [12,19,20,40]. The drug rapidly crosses the pla-
centa, and it can be detected in umbilical venous blood 
within 30 seconds of administration. Several theories 
have been proposed to explain the scenario of an uncon-
scious mother with an awake neonate. These include (1) 
preferential uptake of thiopental by the fetal liver, which 
is the first organ perfused by blood from the umbilical 
vein; (2) the higher relative water content of the fetal 
brain; (3) rapid redistribution of the drug into maternal 
tissues, which causes a rapid reduction in the maternal-
to-fetal concentration gradient; (4) nonhomogeneity of 
blood flow in the intervillous space; and (5) progressive 
dilution by admixture with the various components of the 
fetal circulation [12,20]. Because of this rapid equilibra-
tion of thiopental and a lack of a significant concentration 
of thiopental in the fetal brain, there is no advantage in 
delaying delivery until thiopental concentrations decline. 
However there is no evidence of an adverse effect of thio-
pental on the fetus when the induction-to-delivery time is 
prolonged [12].

Propofol

The usual dose of propofol is 2–3 mg/kg. Propofol allows a 
rapid, smooth induction of anesthesia. Propofol attenuates 
the cardiovascular response to laryngoscopy and intuba-
tion much more effectively than thiopental [1,19,20,39–
44]. Perhaps its major advantage is the rapid awakening 
that follows the discontinuation of an infusion of pro-
pofol. Moreover, intravenous infusion of propofol allows 
the anesthesiologist to give 100% oxygen. Some studies 
have noted that the administration of propofol results in 
a greater decrease in blood pressure than does thiopental. 
Decreased maternal blood pressure results in decreased 
uteroplacental perfusion and compromises fetal well-
being. Other studies have not observed significant hypo-
tension after the administration of propofol (2.0–2.8 mg/kg) 
before cesarean delivery [41–44].

Propofol is a lipophilic agent with a low molecular 
weight, and it rapidly crosses the placenta. Dailland et al. 
observed that the umbilical venous/maternal venous blood 
concentration ratio at delivery was 0.70 [43]. The authors 
also observed that propofol was rapidly cleared from the 
neonatal circulation, and they detected low concentrations 
of propofol in breast milk [12,20,42–44].

Propofol provides an excellent vehicle for the growth of 
bacteria, and for this reason, it should be used promptly 
after its withdrawal from the ampule. Propofol may be 
administered by continuous intravenous infusion for 
the maintenance of anesthesia [42,43]. Propofol does not 
offer significant advantages over thiopental during rapid 
sequence induction of general anesthesia in most obstet-
ric patients. However, propofol blunts the hypertensive 
response to laryngoscopy and intubation more effectively 
than the other induction agents; thus it may be a good 
choice for the induction of general anesthesia in hyperten-
sive patients (e.g., in women with preeclampsia) [12,20].

Most studies have noted that administration of propofol 
and thiopental results in similar Apgar scores.

Ketamine

The usual dose is 1 mg/kg. Ketamine is a very useful induc-
tion agent in obstetric patients [12,19,20]. Ketamine is also 
an excellent choice for the induction of general anesthesia 
for cesarean delivery. It has a rapid onset of action, it pro-
vides both analgesia and hypnosis, and it reliably provides 
amnesia [3]. In addition, its sympathomimetic proper-
ties are advantageous in patients with asthma or modest 
hypovolemia. Ketamine also is an excellent choice in cases 
of severe fetal distress; 100% oxygen can be administered 
until delivery, with a low risk of maternal awareness and 
recall [20].

When a dose of 1 mg/kg is used for induction, systolic 
blood pressure increases approximately 14% immediately 
after induction of anesthesia and approximately 30% 
after laryngoscopy and intubation. These hemodynamic 
changes result from ketamine’s indirect sympathomimetic 
activity. Thus ketamine should be avoided in hypertensive 
patients.

Table 18.1 General anesthesia in obstetrics: Induction 
agents for cesarean delivery

Agent Dose
Maternal 

effect
UV/MV 

ratio
Neonatal 

effect

Thiopental 4.0 mg/kg None 0.96 Low Apgar
Propofol 2.0 mg/kg Pain 

(injection)
0.70 None

Ketamine 1–1.5 mg/kg Dreams Dose 
related

Hypertonus

Etomidate 0.2–0.3 mg/kg Myoclonus 0.45 None
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Ketamine also results in direct myocardial depression 
and in decreased cardiac output and hypotension if the 
patient has severe hypovolemia [1,3]. Large doses of ket-
amine increase uterine tone.

Ketamine rapidly crosses the placenta, and it reaches a 
maximum concentration in the fetus approximately 1.5 to 
2 minutes after administration [13].

After administration of ketamine, dreaming is com-
mon. Large doses of ketamine can cause dysphoria and 
hallucinations during emergence from anesthesia.

Etomidate

The usual dose is 0.2–0.3 mg/kg. Etomidate has been used 
in obstetric anesthesia practice since 1979. Etomidate pro-
duces a rapid onset of anesthesia in one arm-to-brain cir-
culation time. It undergoes rapid hydrolysis, which results 
in a rapid recovery period [12,17,45]. Etomidate causes lit-
tle cardiovascular depression; thus it is an excellent choice 
in patients with hemodynamic instability. Unfortunately, 
intravenous injection of etomidate may result in pain 
and myoclonus, which can be severe. Etomidate also may 
result in the suppression of neonatal serum cortisol con-
centrations, although it is unclear whether this level of 
suppression is clinically significant [12,46].

Muscle relaxants

Table 18.2 presents muscle relaxants used for cesarean 
delivery. In the United States the depolarizing agent suc-
cinylcholine 1.0–1.5 mg/kg remains the muscle relaxant 
of choice for most patients [12,20,46]. The nondepolariz-
ing muscle relaxant rocuronium is a suitable alternative 
to succinylcholine when a nondepolarizing agent is pre-
ferred for rapid sequence induction of general anesthesia 
for cesarean delivery [46].

Regardless of the choice of muscle relaxant, laryngos-
copy and intubation should not be attempted until ade-
quate muscle relaxation has occurred.

Succinylcholine

The usual dose of succinylcholine is 1–1.5 mg/kg. 
Succinylcholine remains the muscle relaxant of choice 
for most pregnant women undergoing cesarean delivery 
under general anesthesia [13,19,20]. This dose provides 
complete muscle relaxation and optimal conditions for 
laryngoscopy and intubation within approximately 45 
seconds of intravenous administration. Succinylcholine 

is highly ionized and water soluble, and only small 
amounts cross the placenta. Maternal administration of 
succinylcholine rarely affects neonatal neuromuscular 
function.

Succinylcholine is rapidly metabolized by plasma 
pseudocholinesterase. Pseudocholinesterase activity 
decreases 30% during pregnancy, but recovery from suc-
cinylcholine is not prolonged. The parturient’s increased 
volume of distribution offsets the effect of the decreased 
pseudocholinesterase activity [20]. Administration 
of succinylcholine may result in neonatal apnea if the 
mother has homozygotic atypical pseudocholinesterase 
deficiency.

The anesthesiologist should confirm the return of neu-
romuscular function before giving additional doses of 
muscle relaxant [12,45].

Rocuronium

The usual dose of rocuronium is 0.6–1.2 mg/kg. 
Rocuronium is a suitable alternative to succinylcho-
line when a nondepolarizing agent is preferred for rapid 
sequence induction of general anesthesia for cesarean 
delivery [13]. Maximal effect is usually achieved within 
90 seconds after administration of a dose of 0.6 mg/kg, 
and the neuromuscular blockade is satisfactorily reversed 
at the conclusion of cesarean delivery. Good condi-
tions for laryngoscopy and intubation are accomplished 
within 70–80 seconds when 4–6 mg/kg of thiopental 
for the induction of anesthesia is used. A larger dose of 
rocuronium (e.g., 0.9 or 1.2 mg/kg) results in an onset of 
paralysis similar to that provided by succinylcholine, but 
the duration of action may be prolonged [45,46].

Vecuronium

The usual intubating dose is 0.1–0.2 mg/kg. Vecuronium 
may be administered when the use of succinylcholine is 
contraindicated; however, it has a significantly slower 
onset of action [45].

Atracurium

The usual intubating dose is 0.5–0.6 mg/kg. Atracurium 
is a less desirable agent for rapid sequence induction of 
anesthesia. The high dose required for a rapid onset of 
action may result in significant histamine release and 
hypotension.

The use of a nerve stimulator allows an objective assess-
ment of the onset of paralysis and also guides the adminis-
tration of additional doses of muscle relaxant [20,45]. Only 
very small amounts of the nondepolarizing muscle relax-
ants cross the placenta; thus the infant rarely is affected. 
Clinical studies have confirmed that maternal administra-
tion of a muscle relaxant does not affect Apgar or neurobe-
havioral scores.

Reversal agents

At the surgery conclusion and prior to emergence from 
anesthesia and extubation, muscle relaxation is reversed 
(Table 18.3) [20,45].

Table 18.2 General anesthesia in obstetrics: Muscle 
relaxants for cesarean delivery

Agent Dose Onset Duration

Succinylcholine 1–1.5 mg/kg 45 seconds 13–14 minutes
Rocuronium 0.6–1.2 mg/kg 80 seconds Variable/dose 

related
Vecuronium 0.2 mg/kg 175 seconds 115 minutes
Atracurium 0.3 mg/kg >175 seconds Variable/dose 

related
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Endotracheal intubation

Equipment (basic):

 1. Laryngoscope with two blade sizes
 2. Endotracheal tube in two to three sizes plus guide
 3. Suction tube
 4. Nerve stimulator
 5. Back-up equipment: oral and nasal airways, LMA, gum-

elastic bougie

The anesthesia provider should not attempt ventilation 
before insertion of the endotracheal tube [13,20,45,46]. 
A short-handled laryngoscope is advantageous because 
it prevents contact with the enlarged maternal breasts. 
A 6- to 7-mm endotracheal tube is an ideal size for most 
pregnant women. After intubation, the presence of end-
tidal carbon dioxide and bilateral breath sounds should be 
verified. At that time, the obstetric team may be given a 
“go-ahead” to start surgery [1].

Inhaled anesthetic agents

Inhaled anesthetic agents include nitrous oxide and vari-
ous halogenated agents (sevoflurane, isoflurane, desflu-
rane, and halothane) [20,46]. Characteristics of the ideal 
inhaled anesthetic agent include ample potency, low solu-
bility (in both blood and tissues), resistance to metabolic 
degradation, and lack of injury to vital tissues [12,45]. The 
ideal anesthetic agent produces anesthesia while allowing 
the use of a high concentration of oxygen (ample potency) 
[46]. Solubility of an anesthetic agent in blood is quanti-
fied as the blood:gas partition coefficient. A low blood:gas 
partition coefficient reflects a low affinity of blood for 
the anesthetic, a desirable property in clinical practice. 
Similarly, the tissue:gas partition coefficient is the ratio of 
the concentration of an anesthetic in a tissue to the con-
centration of the anesthetic in the gas phase [45,46]. A low 
tissue:gas partition coefficient reflects low tissue solubility.

Differences in the solubility of inhaled anesthetic agents 
in blood and tissues have important clinical implications 
for the recovery from anesthesia. A lower solubility allows 
for a faster emergence from anesthesia. Desflurane tissue 
solubility is half that of sevoflurane, sevoflurane is half as 
soluble as isoflurane, and isoflurane is half as soluble as 
halothane.

To minimize waste of anesthetic agents and decrease 
cost, potent inhaled anesthetic agents are delivered in 
a circle absorption system (with absorbents that remove 
carbon dioxide and allow for the rebreathing to take 
place). Desflurane, halothane, and isoflurane all are 
metabolized to trifluoroacetate, which can cause hepa-
totoxicity. Seizures and agitation have been reported in 

patients (primary children upon emergence, and possibly 
in parturients) receiving sevoflurane [47,48]. Desflurane, 
halothane, isoflurane, and nitrous oxide are not associated 
with seizures.

Inhaled anesthetics differ in their pungency and ten-
dency to irritate the human airways. Because of its low 
pungency and low risk of respiratory irritation, sevoflu-
rane is currently the agent of choice for inhalation induc-
tion of anesthesia in the United States. This is less relevant 
to OB patients because parturients do not receive mask 
induction. Potent inhaled anesthetic agents differ mini-
mally in their circulatory effects. Selecting the appropriate 
agent may at times be difficult. Although halothane has 
many ideal inhaled anesthetic agents (e.g., ample potency 
and lack of respiratory and circulatory stimulation), the 
high solubility and hepatotoxicity limit its clinical applica-
tions [45]. Choosing among sevoflurane, desflurane, and 
isoflurane involves weighing the advantages and disad-
vantages of each agent. Nitrous oxide is not metabolized.

MAINTENANCE OF ANESTHESIA
After the delivery of the fetus, the inspired concentration 
of nitrous oxide is increased. Some anesthesia providers 
choose to decrease or discontinue the administration of 
the volatile halogenated agent to allow for optimal uterine 
involution [45]. However, the uterus should contract ade-
quately in response to oxytocin, despite the administra-
tion of a low concentration of a volatile halogenated agent.

The authors of this chapter discontinue the volatile halo-
genated agent only if there is evidence of uterine atony that 
is unresponsive to oxytocin. We then administer modest 
doses of opioid as needed to maintain adequate maternal 
anesthesia [12,20].

Muscle relaxation may be maintained with any of the 
nondepolarizing agents or with an infusion of succinyl-
choline. We prefer rocuronium for maintenance of muscle 
relaxation. At the end of surgery, residual nondepolarizing 
neuromuscular blockade is reversed.

The upper airway is suctioned and extubation is per-
formed when the patient has regained her protective 
reflexes, can maintain her own airway, and responds 
appropriately to verbal commands [45]. It is noteworthy 
that in preeclamptic patients treated with magnesium, the 
effect of nondepolarizing relaxants may be prolonged, and 
neostigmine may be ineffective in the presence of a deep 
block caused by magnesium potentiation of the relaxants.

EFFECTS OF GENERAL ANESTHESIA ON 
THE FETUS AND NEONATE
The goal of anesthesia is to provide safe anesthetic to the 
mother without jeopardizing the condition of fetus and 
newborn. The placental transfer of drugs administered 
to the mother may directly affect the fetus [49–54]. These 
drugs may cause clinically apparent depression of the 
infant at delivery or subtle neurobehavioral changes dur-
ing the first several hours after birth.

Maternal hypotension or the administration of uter-
ine artery vasoconstrictive drugs results in decreased 

Table 18.3 General anesthesia in obstetrics: 
Reversal agents

Reversal agent Dose Onset

Neostigmine 0.05 mg/kg 9 minutes
Sugammadex 16 mg/kg 6 minutes
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uteroplacental blood flow, which may cause fetal hypoxia 
and acidosis (Box 18.3). Maternal hypoxemia also adversely 
affects the fetus [53].

One factor that may affect oxygenation and acid–base 
status at delivery is the uterine incision-to-delivery (U-D) 
interval. A U-D interval longer than 3 minutes is associ-
ated with an increased incidence of low umbilical cord 
blood pH measurements and low Apgar scores, regardless 
of the anesthetic technique. The obstetrician should mini-
mize the U-D interval, regardless of the type of anesthesia 
that is used [45,50–54].

A prolonged I-D interval results in greater fetal expo-
sure to nitrous oxide and the volatile halogenated agent. 
Thus, a prolonged I-D interval may result in a greater risk 
of neonatal depression at delivery, despite the presence of 
normal umbilical cord blood gas and acid–base measure-
ments [53,54].

Nitrous oxide has been implicated as a cause of neonatal 
depression. Nitrous oxide rapidly crosses the placenta.

The next section of this chapter reviews complications 
of general anesthesia in obstetrics, which are included in 
Box 18.4.

Awareness during anesthesia

The risk of maternal awareness is the highest between 
induction of general anesthesia and delivery of the infant. 
Administration of 50% nitrous oxide in oxygen without 
another agent results in maternal awareness in 12%–26% 
of cases [12,45]. Awareness is inhumane for the mother 
and results in high maternal concentrations of catechol-
amines, which result in uterine artery vasoconstriction 
and reduced oxygen delivery to the fetus [55–64].

The Bispectral Index (BIS), a multivariable processed 
electroencephalographic monitor, is potentially a use-
ful aid in titration of inhalational agents in parturients 
undergoing cesarean delivery under general anesthesia 

(to ensure adequate hypnosis without compromising the 
fetus) [63,64].

A common approach to prevent awareness is to admin-
ister 50% nitrous oxide in oxygen in combination with a 
low concentration of a volatile halogenated agent (e.g., iso-
flurane 0.6%, or sevoflurane 1.0%) [45,46]. This method is 
simple and reduces the incidence of maternal awareness to 
less than 1%. A low concentration of a volatile halogenated 
agent is adequate for most patients because pregnancy 
decreases anesthetic requirements by as much as 30%–
40%. Predelivery administration of a low concentration 
of a volatile halogenated agent does not adversely affect 
neonatal condition, and it does not significantly increase 
maternal blood loss [56,63,64].

In most cases, we administer 30%–50% nitrous oxide 
in oxygen and a low concentration (0.5 MAC) of a volatile 
halogenated agent (e.g., isoflurane, sevoflurane, and des-
flurane) [45,46,57–63].

Intraoperative awareness can occur in emergent cesar-
ean deliveries under general anesthesia in hemodynami-
cally unstable patients unable to tolerate a sufficient depth 
of anesthesia. Czarko et al. and Paech et al reported that 
the incidence of intraoperative awareness might be as high 
as 1 in 88–382 (0.26%–1.1%) [56,57]. Intraoperative aware-
ness under general anesthesia may cause severe postop-
erative psychological sequelae, including post-traumatic 
stress disorder, anxiety, neurosis, nightmares, fear of hos-
pitals, and even death [58].

Factors predisposing to intraoperative 
awareness [57,58]

• High cardiac output = wider drug distribution = lower 
blood drug levels

• No premedication given
• Decreased concentrations of volatile anesthetic agents 

used
• Withholding of benzodiazepine and opioids until delivery 

to avoid fetal exposure and mother’s anterograde amnesia

Preventative measures should be taken to avoid intraop-
erative awareness. Monitoring minimum alveolar concen-
tration (MAC) can be one of the means of prevention of 
intraoperative awareness. The use of nitrous oxide should 
be considered. Nitrous oxide does not alter the bispec-
tral index [60–62]. Although 50% oxygen concentration 
is commonly required before delivery, it has been shown 
that 33% of oxygen can be an acceptable alternative with-
out fetal compromise [59].

Bispectal index (BIS) and Entropy module are widely 
used to monitor the depth of anesthesia. The B-Aware trial 
showed an 82% reduction in the incidence of awareness in 
patients at risk of perioperative awareness including cesar-
ean delivery patients [63]. BIS < 60 is a commonly accepted 
index (state of unconsciousness). However, of note is the 
fact that low BIS score does not guarantee unconscious-
ness [64]. One study suggested that BIS needs to be lower 
than 27 in order to prevent 100% potential for intraopera-
tive awareness in cesarean delivery patients [58].

Box 18.3 Prevention of fetal hypoxemia 
and acidosis

 • Providing left uterine displacement to prevent aorto-
caval compression

 • Ensuring adequate maternal oxygenation
 • Avoiding maternal hyperventilation
 • Avoiding excessive doses of anesthetic agents
 • Treating hypotension promptly

Box 18.4 Complications

 • Maternal awareness
 • Difficult airway (inability to maintain a patent airway)
 • Hypoxia
 • Aspiration pneumonitis (Mendelson syndrome)
 • Cerebrovascular stroke
 • Chronic postcesarean pain
 • Fetal and neonatal respiratory depression
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The potential of intraoperative awareness should be 
discussed in advance with patients who undergo cesarean 
delivery under general anesthesia.

Difficult airway

It is a general consensus that intubation of a full-term 
pregnant women can be difficult for a number of rea-
sons, including non-pregnancy-related (e.g., obesity) or 
pregnancy-specific (large breasts) predisposing factors 
[4,8,65,66]. McDonnel et  al. conducted an observational 
study of airway management and complications associ-
ated with general anesthesia for caesarean section [4]. The 
authors reported the incidence of difficult intubation in 
pregnant women to be as high as 1 in 20–30 (3.3%–4.7%) 
[4]. In another study failed intubation in pregnant women 
was reported to be 1 in 100–1316 (0.08%–1%) [5]. One in 250 
is a generally quoted ratio. Difficult and/or failed intubation 
in obstetric population is known to be 8–10 times higher 
than that in the nonobstetric surgical population [6].

Quinn et al. found that older age, high body mass index 
(BMI), and the Mallampati score were significant inde-
pendent predictors for difficult intubation [7]. Of note is 
the fact that with every 1 kg/m2 increase in BMI, there is a 
7% increase in the risk of failed intubation [7]. Two studies 
have reported rapid and significant changes (increase) in 
the Mallampati score during pregnancy and in labor [8,9]. 
There was a 1.4- to 3.4-fold increase of Mallampati scores 
of 3 and 4 in parturients during labor or immediately after 
labor [8,9] (Figure 18.2). This tendency worsens in patients 
with preeclampsia or eclampsia. In obstetric population, 
Mallampati classes 3 and 4 are strongly associated with 
difficult laryngoscopy, with an increased relative risk of 
7.6 and 11.3, respectively [10].

Ushiroda et  al. reported a life-threatening airway 
obstruction due to upper airway edema and marked neck 
swelling after labor and delivery [11]. The neck swelling 
and pharyngolaryngeal edema appeared during labor. 
Kuczkowski and Benumof reported on the parturient 
with prepregnancy subglottic tracheal stenosis, which 

worsened during pregnancy, creating serious airway man-
agement dilemma [67].

The supraglottic airway devices have been used success-
fully in slim, fasted pregnant women for elective cesarean 
deliveries under general anesthesia [24,25], as well as res-
cue devices for emergent difficult airway management [7]. 
The LMA classic is easy to insert, the ProSeal and Supreme 
have a drainage tube, while the intubating LMA may serve 
as a conduit for fiberoptic intubation [3].

Definition of a “difficult” airway

• Difficult laryngoscopy
• Difficult intubation
• Difficult mask ventilation
• Combination of all the above factors

The airway difficulty can be assessed by an experienced 
anesthesiologist during a single attempt at laryngoscopy.

Factors predisposing to difficult airway in obstetrics

• Pregnancy-related airway changes
• Airway edema (water retention)

• Other physiological changes of pregnancy
• Large breast impairing laryngoscopy

• Tendency to rapid development of hypoxemia
• Decreased functional residual capacity (FRC) in the 

lungs
• Increased oxygen consumption (maternal and fetal 

needs)
• Maternal anatomical abnormalities
• Coexisting diseases

• Obesity
• “Technical” issues

• Emergency cesarean delivery
• Lack of communication
• Lack of organization
• Lack of expertize (senior anesthesiologist’s backup 

needed)
• Lack of equipment
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Figure 18.2 Mallampati classes at different time points: T1: 8 months of pregnancy, T2: during labor, T3: 20 minutes after deliv-
ery, T4: 48 hours after delivery. (From Boutonnet M et al., Br J Anaesth 2010;104:67–70. With permission.)
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Assessment of the obstetric airway

• History: from—patient, family, chart
• Airway examination—look for predictors of difficult 

airway
• The Mallampati classification (This is nonspecific, 

if used alonel; increases are made throughout labor 
due to water retention, straining, pushing efforts, 
and Trendelenburg position.)

• The Wilson sum score (predicted difficulty with a 
score >4) (Table 18.4)

Management of the obstetric airway

• Personnel/skills/call for help!
• Equipment
• Protocols/drills/algorithms
• Communication/organization
• Continuing medical education (CME)
• Applying judgment/knowledge/common sense

Airway equipment

In the last 20 years, the development of the fiberoptic 
bronchoscope for intubation of patients with predicted 
difficult airway, and the laryngeal mask as a rescue venti-
lation device and conduit for intubation, have revolution-
ized airway management [3].

Classification of airway devices

• Devices used for ventilation—supraglottic airways
• Devices used for intubation
• Surgical airway devices
• Devices used for CO2 detection

Supraglottic (extraglottic) devices

LMA devices include the following: Classic, ProSeal, 
Fastrach (intubating LMA), and Supreme.

With failed intubation and difficult mask ventilation, 
the ProSeal may be preferred as it has a drain tube for 
the regurgitant fluid. The Fastrach may be preferred if a 
definitive airway (i.e., endotracheal intubation) is required 
for prolonged surgeries (i.e., cesarean hysterectomy), and 
it enables intubation with the aid of a fiberoptic broncho-
scope. The new LMA Supreme possesses both advantages, 

thus allowing both drainage of regurgitant fluids and intu-
bation. The LMA Classic enables fiberoptically aided intu-
bation through it, although it is too long, which carries 
the risk of endotracheal tube dislodgement. The drawback 
can be solved by using the Aintree intubation catheter [3] 
(Figure 18.3).

It should be noted that no LMA prevents the aspiration 
of gastric contents. It is also important to have alternative 
supraglottic airway devices, as discussed subsequently, 
available in case ventilation with the LMA is not possible 
[3,12,19,20].

The Laryngeal suction tube (Figure 18.4)

• The EasyTube (Figure 18.5)
• The Cobra-PLA (Figure 18.6)
• The I-Gel (Figure 18.7)

Table 18.4 The Wilson sum score (predicted difficulty with 
a score >4)

Parameter risk level

Weight 0–2 (>90 kg = 1; >110 kg = 2)

Head and neck movement 0–2

Jaw movement 0–2

Receding mandible 0–2

Buck teeth 0–2

Total = Maximum 10 points

Source: From Wilson ME et  al., Br J Anaesth 1998;61:211–6. With 
permission.

Figure 18.3 The Aintree intubation catheter.

Figure 18.4 The laryngeal suction tube.
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A new technological development that may help in 
cases  of unexpected difficult intubation is videolaryn-
goscopy (i.e., Storz, Glidescope videolaryngoscopes). 
This technology also provides an excellent teaching tool 
(Figure 18.8).

Difficult airway management: Selected scenarios

 1. Alertness to parturients at risk for difficult airway. 
According to the American College of Obstetricians 
and Gynecologists (ACOG): “As primary physician, 
the obstetrician should be alert to the presence of risk 
factors that place patient at risk for complications …
and could alert the anesthesiologist of airway-related 
problems” [21]. “Early” epidural placement would be 
indicated.

 2. The anesthesiologist (and the patient) should be pre-
pared for general anesthesia in case of failed spi-
nal anesthesia, total spinal, cardiac arrest, massive 
hemorrhage.

 3. Anticipated difficult airway.
 4. Unanticipated difficult airway.
 5. Failed intubation, increasing hypoxemia, and difficult 

ventilation in the paralyzed, anesthetized patient—
modified UK Guidelines.

 a. Failed intubation and difficult ventilation (other 
than laryngospasm)

 i. Face mask
 ii. Oxygenate and ventilate the patient
 iii. Maximum head extension
 iv. Maximum jaw thrust
 v. Assistance with mask seal
 vi. Oral ± 6-mm nasal airway
 vii. Reduce cricoid force, if necessary
 b. Failed oxygenation with facemask (e.g., SpO2< 90% 

with FIO2 = 1)
 i. Call for help
 ii. LMA—Oxygenate and ventilate patient

Figure 18.5 The EasyTube (a less traumatic variant of the 
Combitube).

Figure 18.6 Cobra-PLA.

Figure 18.7 The I-Gel.
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 iii. Maximum two attempts at insertion
 iv. Reduce any cricoid force during insertion
 v. If oxygenation satisfactory and stable, main-

tain oxygenation and start cesarean delivery—
deliver baby

 c. “Can’t intubate, can’t ventilate” situation with increas-
ing hypoxemia

 i. Trans-tracheal jet ventilation
 ii. Cannula cricothyroidotomy
 iii. Surgical cricothyroidotomy
 iv. Tracheostomy

Cannula cricothyroidotomy

Equipment: Kink-resistant cannula, for example, Patil 
(Cook) or Ravussin (VBM); high-pressure ventilation sys-
tem, for example, Manujet III (VBM).

 1. Insert cannula through cricothyroid membrane.
 2. Maintain position of cannula—assistant’s hand.
 3. Confirm tracheal position by air aspiration—20-mL 

syringe.
 4. Attach ventilation system to cannula.
 5. Commence cautious ventilation.
 6. Confirm ventilation and exhalation through upper 

airway.
 7. If ventilation fails, or any other complica-

tion develops—convert immediately to surgical 
cricothyroidotomy.

Surgical cricothyroidotomy

Equipment: Scalpel—short and rounded—no. 20 or 
Minitrach scalpel; small (e.g., 6 or 7 mm) cuffed tracheal 
or tracheostomy tube.

Four-step technique:

 1. Identify cricothyroid membrane.
 2. Stab incision through skin and membrane, enlarge inci-

sion with blunt dissection (e.g., scalpel handle, forceps, 
or dilator).

 3. Ensure caudal traction on cricoid cartilage with tra-
cheal hook.

 4. Insert tube and inflate cuff.
 a. Ventilate with low-pressure source.
 b. Verify tube position and pulmonary ventilation.

Difficult airway: Conclusions

• The obstetrician and anesthesiologist should be alert to 
the presence of problematic airway.

• Most emergency cesarean deliveries can be done under 
regional anesthesia.

• Preplanned strategy, airway devices, and expert anes-
thesiologists may lead to improved outcome.

• Induction of general anesthesia should be implemented 
only in cases of severe fetal bradycardia with contrain-
dication to regional anesthesia or maternal hemorrhage.

• Prediction of difficult airway reduces the likelihood of 
adverse outcomes.

Figure 18.8 The Glidescope.
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HYPOXIA
Failed intubation is associated with a higher incidence 
(71% versus control 2%) of hypoxemia (SpO2 < 90%). 
Reduced functional residual capacity (FRC) and an 
increased metabolic rate in pregnancy lead to a rapid pro-
gression to hypoxia after the apnea period during induc-
tion [7]. Hignett et al. demonstrated FRC was increased by 
a mean of 188 mL from the supine to the 30° head-up posi-
tion [12]. Proper positioning for oxygenation and intuba-
tion is crucial in parturients with difficult airway.

Repeated attempts at intubation are contraindicated after 
ineffective external laryngeal manipulation and progressive 
hypoxia [65]. The airway needs to be secured with alterna-
tive methods (see the inverted traffic light algorithm), and 
oxygenation must be maintained. We must not allow the 
situation to worsen and progress to a “cannot intubate, can-
not ventilate, and cannot oxygenate” situation.

How can we avoid hypoxia during induction of 
general anesthesia?

• Pre-oxygenation: eight deep breaths over 60 seconds
• Pre-oxygenation with 25° head-up
• Maximum of three attempts at laryngoscopy
• Use of the “ramped” position for intubation (useful for 

obese pregnant women)
• Extubation in semi-upright position

Folded blankets are added or removed (as needed) to

 1. Keep the patient’s head above her shoulders.
 2. Keep the external auditory meatus and the sternal notch 

in the same horizontal plan.

This is better than the “sniff position” for alignment of 
the oral, pharyngeal, and laryngeal axes.

How should we deal with hypoxia during induction 
of general anesthesia?

• Ventilate–Call for help–Ventilate!
• Failed intubation should not lead to death or brain 

damage.

Aspiration pneumonitis (Mendelson syndrome)

Aspiration pneumonitis (Mendelson syndrome) and its 
mechanism under the settings of anesthesia for obstetric pati-
ents was first reported by an obstetrician—Dr Mendelson.

It is our opinion that all pregnant women should receive 
acid aspiration prophylaxis regardless of the NPO status 
or the planned anesthetic technique for cesarean delivery 
[12,19,20]. We administer metoclopramide routinely, and 
H2 blocker in selected cases, such as diabetes or morbid 
obesity, on top of the antacid sodium citrate.

Aspiration pneumonitis used to be one of the major 
causes of perioperative maternal death. A number of pre-
ventative measures have been introduced over time to 
prevent this lethal condition. Rapid sequence induction 
technique with cricoid pressure and use of sodium citrate 
and H2 blockers have decreased the incidence of aspira-
tion of gastric contents [66].

The incidence of aspiration of gastric contents is widely 
quoted to range from 1 in 900 to 1 in 1547 (0.064%–
0.11%) [4,33,34]. A prospective observational study from 
Australia and New Zealand showed that regurgitation of 
gastric contents during general anesthesia for cesarean 
delivery occurred in eight cases out of 1095 (0.7%), with 
four episodes at induction of anesthesia and five episodes 
at extubation (one at both intubation and extubation) 
[4]. It must be emphasized the importance of extubating 
the patients after caesarean delivery when they are fully 
awake [45].

Quinn et al. reported that failed intubation was related 
to the higher aspiration rate compared to the control 
group (8% versus control 1%) [7]. Pregnant woman should 
be considered as “full stomach” regardless of the fasting 
status. Older studies have showed that gastric emptying 
does not alter during pregnancy. However, of note is the 
fact that once labor starts, a delay in gastric emptying 
occurs [7].

Paranjothy et  al. studied the effectiveness of various 
interventions at cesarean delivery for reducing the risk of 
aspiration pneumonitis [35]. The authors concluded that 
the efffects of interventions such as administration of H2 
receptor blockers and/or sodium citrate are less consistent 
than previously believed. However, the authors concluded 
that their use should still be strongly considered [35].

Cerebrovascular stroke

In addition to physiological changes during pregnancy, 
pregnancy-related disorders such as preeclampsia and/
or eclampsia can contribute to the increased incidence 
of cerebrovascular and intracranial adverse events dur-
ing pregnancy, labor, and postpartum. Feske and Singhal 
reported that the incidence of all types of strokes is four 
to seven cases in 100,000 pregnancies [68]. Lanska and 
Kryscio reported that cesarean delivery was associated 
with a 3- to 12-fold increased risk of peripartum and post-
partum stroke [69]. Meticulous attention to the hemody-
namic stability during general anesthesia, especially in 
preeclamptic or eclamptic patients during the induction 
of anesthesia and intubation is essential to avoid any intra-
cranial adverse events.

Intracranial hemorrhagic stroke

Intracranial hemorrhage is the most common cause of 
maternal death from stroke in patients with preeclampsia 
or eclampsia [70]. The incidence of peripartum intracra-
nial hemorrhage is quoted to be as high as 6.1–31.4 cases in 
100,000 deliveries [71–72] The incidence of hemorrhagic 
stroke increases from 2.5-fold in the antenatal period to 
23.8-fold in the postpartum period [70].

Takahashi et  al. conducted a survey of neurosurgi-
cal institutes across Japan to determine the most com-
mon causes of cerebrovascular disease in pregnancy [73]. 
Arteriovenous malformations (AVMs) were the most fre-
quent causes of intracranial hemorrhage, followed by cere-
bral aneurysms and moyamoya disease. Systemic obstetric 
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complications including coagulopathies; preeclampsia 
and eclampsia were identified as the risk factors for intra-
cranial hemorrhage [73].

Intracranial ischemic stroke

Foo et  al. reported that the incidence of maternal death 
from ischemic stroke was 1.6 in 100,000 maternities, with 
a 13.9% (95% CI 12.6–15.3) mortality rate [70]. Cardio-
embolism, preeclampsia or eclampsia (11%–47% of stroke 
cases), and cerebral venous sinus thrombosis account for 
most pregnancy-related ischemic strokes [68].

Chronic postcesarean pain

The prevalence of postpartum pain at 2 months after 
vaginal delivery has been reported at 10% [74], while 
the prevalence of pain following cesarean delivery has 
been reported at 18% at 3 months and 12% at 10 months, 
respectively, after the surgery [75]. The potential impli-
cations of postpartum pain on daily function, mother–
infant bonding, and postpartum depression should not 
be ignored.

Fetal and neonatal respiratory depression

In recent years, remifentanil has been used for the 
induc tion of general anesthesia for cesarean delivery. 
Remifentanil crosses the placenta easily, but is cleared 
rapidly from the neonatal plasma. One review of remifen-
tanil use for cesarean delivery indicates that remifentanil 
is highly effective in blunting the sympathetic response 
(increase in blood pressure and heart rate) to laryngoscopy, 
intubation, and surgery. Furthermore, pH and base excess 
were higher in infants of remifentanil-treated mothers. 
There was no difference regarding the neonatal outcome 
parameters such as postdelivery mask ventilation, intuba-
tion, and Apgar score [49]. However, there were reported 
cases of neonatal depression when remifentanil was used 
as bolus followed by continuous infusion. Brief mask ven-
tilation was required in six out of 13 neonates studied.

For many years thiopental has been the drug of choice 
for induction of general anesthesia for cesarean delivery. 
However, over the last 10 years production of thiopental 
was discontinued in several countries, and propofol has 
become an attractive alternative to thiopental. Propofol 
rapidly crosses the placenta but is rapidly cleared from 
the neonatal circulation [50,51]. Celleno et al. studied the 
neurobehavioral effects of propofol on the neonate follow-
ing elective cesarean delivery [52]. The authors reported 
that in the propofol group the Apgar scores and neurobe-
havioral scores recorded 1 hour after delivery were lower 
than in the thiopental group [52]. Gin et al. studied plasma 
catecholamines and neonatal condition after induction 
of anesthesia with propofol or thiopentone at cesarean 
delivery [53]. The authors reported no adverse drug effects 
on maternal hemodynamics, umbilical cord blood gases, 
Apgar scores, and neurobehavioral scores [53]. Abboud 
et al. studied the neonatal effects of intravenous propofol 
versus thiamylal-isoflurane for cesarean delivery [54]. No 
adverse effects were reported.
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19Local anesthesia for cesarean delivery
Epidural, spinal, and combined spinal–epidural 
anesthesia
KRZYSZTOF KUCZKOWSKI, TOSHIYUKI OKUTOMI, and RIE KATO

INTRODUCTION
Obstetric anesthesia is responsible for 3%–12% of all 
maternal deaths [1,2]. The majority of maternal deaths 
occur during administration of general anesthesia and 
result from airway management-related complications 
(e.g., failed intubation, failed ventilation, and inadequate 
oxygenation) [1]. Subsequently, many obstetric anesthe-
siologists are recommending administration of regional 
anesthesia when possible, and that general anesthesia be 
given only when it is absolutely indicated [1–3]. Regional 
anesthesia is the technique of choice for cesarean deliv-
ery for the following reasons: (1) it is safer for the mother, 
(2) it has less depressant effects on the baby, (3) it allows 
mothers to be awake during the birth of their babies, and 
(4) the technique is simpler. Neuraxial techniques include 
three choices: spinal, epidural, and combined spinal– 
epidural (CSE) anesthesia. One of them is chosen based on 
its characteristics, maternal preference, maternal general 
health condition, and the indications (e.g., fetal distress) 
for cesarean delivery.

SINGLE-SHOT SPINAL AND DE NOVO EPIDURAL 
TECHNIQUE
Spinal anesthesia is an appropriate choice for most elective 
and urgent cesarean deliveries in parturients without pre-
existing epidural anesthesia because of its simplicity, speed, 
and reliability. In contrast, the popularity of de novo epi-
dural anesthesia for elective cesarean delivery is decreasing 
(somewhat less reliable and currying higher risk of local 
anesthetic toxicity). In the past, epidural anesthesia was 
believed to be superior to spinal anesthesia for a parturient 
with preeclampsia because its slow onset guaranteed more 
hemodynamic stability. However, several studies have 
shown that the hemodynamic effects of spinal anesthesia 
are similar to those of epidural technique [4,5] (Table 19.1).

EXTENSION OF EPIDURAL LABOR ANALGESIA FOR 
NONELECTIVE CESAREAN DELIVERY
If the epidural catheter is already in situ and fully func-
tional and tested for labor analgesia (and time permits), 
the indwelling epidural catheter is utilized for epidural 
anesthesia for nonelective cesarean delivery.

COMBINED SPINAL–EPIDURAL TECHNIQUE
Combined spinal–epidural (CSE) anesthesia has gained sig-
nificant (and still increasing) popularity in contemporary 

obstetric anesthesia practice worldwide. CSE may be the 
technique of choice when the ability of rapid-onset, dense 
spinal block and the flexibility to prolong the duration of 
anesthesia in time (as needed) via an epidural catheter 
is desired [6]. CSE was first introduced as two interspace 
techniques (separate spinal and epidural needles inserted 
at different interspaces). However, the needle-through-
needle technique with special CSE-specific needle design 
(via a single interspace) is now almost universally used [6].

The needle-through-needle CSE technique is advanta-
geous for the obese parturient [7]. In the United States more 
than 30% of parturients presenting for obstetric anesthe-
sia are overweight and/or obese. In the obese patients, the 
spinal needle may not be advanced straight and easily into 
the subarachnoid space, because the distance from skin to 
the subarachnoid space is much longer than in nonobese 
parturients. With a CSE technique, the epidural needle 
can be used as an “introducer” for the spinal needle. Once 
epidural space is identified with a loss of resistance tech-
nique, the spinal needle may be easily advanced through 
the epidural needle. CSE is also preferred in cases where 
anesthesia-related rapid hemodynamic changes should be 
avoided, such as for parturients with cardiac disease [8]. 
Prior to the initiation of epidural anesthesia, the degree of 
the residual spinal anesthetic effects should be considered.

SPINAL ANATOMY
In adults, the spinal cord typically extends to the lower bor-
der of L1 vertebrae or L1/2 interspace level [9]. Hence, spinal 
needle insertion must be performed at L2/3 or more caudal 
interspaces in order to avoid direct trauma to the spinal 
cord. The primary insertion level for cesarean delivery is 
the L3/4 or L4/5 interspace. Figure 19.1 depicts a transverse 
section image at the fourth lumbar vertebra. The main con-
stituents in the subarachnoid space at this level are cerebral 
spinal fluid, cauda equina, and blood vessels. The target 
area for spinal anesthesia should be this space. The arach-
noid and the dura matter constitute the outer layer of the 
subarachnoid space. Surrounding the dura matter is the 
epidural space, the dorsal part of which is used for epidural 
anesthesia. The ligamentum flavum, the key structure to 
identify the epidural space, is located immediately dorsal 
to it. An epidural catheter for cesarean delivery is usually 
placed through L3/4 or L4/5 so that T4–S5, the necessary 
block range for the surgery, is successfully blocked.
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MEDICATIONS
Spinal anesthesia

The choice of any particular local anesthetic primarily 
depends on the availability of the agent, condition of the 
patient, obstetrical indications for delivery, and preference 
of the anesthesia provider. The use of lidocaine should be 
withheld because of concerns about neurotoxicity (e.g., 
transient neurologic syndrome) [10,11]. Whichever agent 
is chosen, a hyperbaric anesthetic is generally selected for 
cesarean delivery. An isobaric anesthetic is diffused in the 
subarachnoid space from the injection site, and a hyper-
baric one is spread by gravity along the physiological spinal 
curvature (Figure 19.2). Hence, block to T4 dermatome is 
more rapidly achieved with hyperbaric solutions of local 
anesthetics.

Fentanyl or sufentanil (most popular opioids in obstet-
rics) are commonly added to the local anesthetic agent. 
These opioids are known to extend duration of anesthetic 
effects and also decrease intraoperative nausea and vom-
iting. However, they do not contribute to postoperative 
analgesia because of short duration of action. Therefore, 
morphine is often administered in addition to either of 
the short-acting opioids. Side effects of intrathecal mor-
phine include postoperative nausea/vomiting, pruritus, 
and delayed respiratory depression. Respiratory depres-
sion is usually minimal but can be life threatening [12]. 
Therefore, respiratory rate and pulse oximetry should be 
monitored for at least 24 hours after administration of 
intrathecal (spinal) morphine.

It must be noted that nerve roots inside the subarach-
noid space are highly vulnerable to chemical injury (e.g., 
adhesive arachnoiditis). A small amount of noxious agent 
can result in significant neurologic deficits. Although 
anesthetic agents with preservatives are commonly used 
for epidural anesthesia, preservatives should not be 
injected into the subarachnoid space. Caution should be 
exercised to avoid contamination of subarachnoid injec-
tate with preservatives. See Table 19.2.

Epidural anesthesia

Local anesthetic used for epidural anesthesia is similar to 
that used for spinal anesthesia, but the epidural dose is much 
higher than the spinal dose. The drug choices for elective 
cesarean delivery or extension of epidural labor analgesia 
for nonurgent cesarean deliveries include 0.5% bupivacaine 
or levobupivacaine, 2%–3% chloroprocaine, and 0.5%–
0.75% ropivacaine. Bupivacaine 0.75%, which had been 
used in the United States in the past for spinal anesthesia, 
is no longer approved for this purpose in the United States 

Cauda equina

Spinal nerve

Subarachnoid space

Supraspinous ligament

Epidural space

L4

Figure 19.1 Cross section of spinal anatomy.

Table 19.1 Advantages and disadvantages: Spinal, 
epidural, combined spinal–epidural (CSE) anesthesia

Spinal Epidural CSE

Technique Simple Moderate Complex
Speed of 

induction
Fast Slow Moderate

Reliability Reliable Least reliable Less reliable
Effect duration Limited Can be 

extended
Can be 

extended
Dose of local 

anesthetic
Low High Moderate

Hemodynamic 
changes

Rapid and 
large

Slow and 
small

Moderate

Local anesthetic 
toxicity

None Can be 
caused

Can be 
caused
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by the U.S. Food and Drug Administration (FDA). This is 
due to case reports of unintentional intravenous injections 
of 0.75% bupivacaine leading to maternal cardiac arrest. 
Levobupivacaine and ropivacaine are relatively new L- or 
S-isomer agents, resulting in less potential for cardiotoxicity.

For urgent cesarean deliveries, chloroprocaine or lido-
caine is usually used. When the surgery is urgent, 2% lido-
caine combined with 8.4% (1 mEq/mL) sodium bicarbonate 
is usually used. The ratio of 2% lidocaine:sodium bicarbon-
ate is about 10–20:1 in volume. The alkalization of local 
anesthetic by sodium bicarbonate not only shortens the 
onset of blockade but also improves its quality, and prolongs 
the duration of the blockade. Alkalization increases the 
nonionized form of local anesthetic molecules, which pass 
more easily through the neuronal membrane than ionized 
molecules. When selecting an appropriate anesthetic agent 
it is important to remember that the duration of action of 
chloroprocaine and lidocaine is shorter than the duration 
of action of bupivacaine, levobupivacaine, and ropivacaine. 
Subsequently, top-up boluses may be necessary during sur-
gery when either chloroprocaine or lidocaine is selected.

Neuraxial opioids are often combined with local anes-
thetic in order to shorten the onset of anesthesia, and 
improve and prolong the duration of surgical anesthesia. 

One meta-analysis showed that 100 mcg fentanyl com-
bined with 2% lidocaine, or 75 mcg fentanyl combined 
with levobupivacaine shortened (by 2 minutes) the onset of 
surgical anesthesia [13]. The study in question also demon-
strated that a mixture of lidocaine and epinephrine, with or 
without fentanyl, shortened the onset of surgical anesthesia.

Short-acting opioids (e.g., fentanyl) are used for their 
intraoperative analgesic effects, and morphine (a long-
acting opioid) is used for its postoperative analgesia. 
These neuraxial opioids have side effects, such as pru-
ritus, nausea and vomiting, delayed gastric emptying, 
urinary retention, sedation, and respiratory depression. 
Morphine-induced respiratory depression is usually mini-
mal, but might be life threatening. Therefore, the patient 
who received epidural morphine should be continuously 
monitored (with pulse oximetry) for at least 24 hours after 
morphine administration. See Table 19.3.

Combined spinal–epidural anesthesia

The CSE technique offers the possibility of combining 
rapid onset of subarachnoid anesthesia with the flexibility 
of continuous epidural anesthesia during cesarean deliv-
ery [14]. Selection of local anesthetics and opioids is iden-
tical to what has been outlined above for each technique 
when used alone.

PREPARATION FOR ANESTHESIA
Although the technique of neuraxial anesthesia is simpler 
than that of general anesthesia, preparation for both tech-
niques is the same and includes pre-anesthetic evaluation, 

Table 19.3 Local anesthetic agents and opioids used for 
epidural anesthesia

Concentration/
dose Volume

Local 
anesthetics

Chloroprocaine 2%–3% 15–20 mL

Lidocaine 2% 15–20 mL
Bupivacaine 0.5% 15–20 mL
Levobupivacaine 0.5%–0.75% 15–20 mL
Ropivacaine 0.5%–0.75% 15–20 mL

Opioids Fentanyl 100 mcg —
Sufentanil 5–10 mcg —
Morphine 2–3 mg —

Figure 19.2 Physiological curvature of the spine: hyperbaric anesthetic solution injected at lower lumbar flow down to the 
thoracic and sacrum kyphosis.

Table 19.2 Local anesthetic agents and opioids used for 
spinal anesthesia

Dose
Duration 
(hours)

Local 
anesthetics

Bupivacaine 10–15 mg 1–2

Levobupivacaine 10–15 mg 1–2
Ropivacaine 15–25 mg 1–2
Lidocaine 60–80 mg 0.75–1.25

Opioids Fentanyl 10–20 mcg 3–4 (for 
postoperative 
analgesia)

Sufentanil 2.5–5 mcg 3–4 (for 
postoperative 
analgesia)

Morphine 0.1–0.2 mg 6–12 (for 
postoperative 
analgesia)
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administration of pre-anesthetic medications and intrave-
nous fluids, maternal positioning and monitoring of both 
the mother and the fetus [1,3,7,8].

Pre-anesthetic evaluation

As outlined in Practice Advisory published by the 
American Society of Anesthesiologists [15] a detailed 
maternal medical and anesthetic history, medications, 
allergies, laboratory data, and baseline blood pressure and 
heart rate must be obtained prior to anesthesia. Physical 
examination includes evaluation of airway (please see 
Chapter 18, “General Anesthesia for Cesarean Delivery: 
Indications and Complications”), heart, and lungs. For 
neuraxial anesthesia, close attention must be paid to 
maternal coagulation status and the needle insertion site 
(evaluation of the back area) [16,17].

Coagulopathy is one of the contraindications to neur-
axial anesthesia, as it can result in epidural hematoma. 
When acquired coagulopathy is suspected (e.g., hemo-
lysis, elevated liver enzymes, low platelet count [HELLP] 
syndrome, placental abruption, and/or maternal sepsis), 
coagulation studies (e.g., platelet counts, prothrombin 
time, and activated partial thromboplastin time) must 
be obtained prior to regional anesthesia. It needs to be 
emphasized that there are no universal criteria for labo-
ratory parameters which would guarantee safe neuraxial 
anesthesia [18]. As for parturients on anticoagulant ther-
apy, it is sensible to refer to the evidence-based practice 
guidelines [19,20].

Anatomical disorder, infection, and neoplasms at the 
site of needle insertion may be contraindications to neur-
axial technique [21]. Maternal hypovolemia is another 
contraindication to neuraxial anesthesia. When sen-
sory nerves are blocked by neuraxial anesthesia, sympa-
thetic nerves are also blocked, resulting in vasodilation. 
This causes hypotension, which requires aggressive and 
prompt treatment to avoid maternal and fetal complica-
tions. Anesthesia-related hypotension is aggravated by 
pre-existing hypovolemia [1,7,8,14].

Aspiration prophylaxis

Laboring women can drink clear water as they desire, but 
solid foods should be avoided in labor [22,23]. Healthy 
parturients undergoing elective cesarean delivery may 
drink a modest amount of clear liquids (e.g., water, tea/ 
coffee without milk/creamer) until 2 hours before induc-
tion of anesthesia, regardless of the anesthetic method 
used. Solid foods should be refrained from for 6–8 hours 
[22,23] prior to surgery.

Prophylactic administration of H2 receptor blockers, 
nonparticle antacids, and/or metoclopramide should be 
considered for elective cesarean delivery [14,15].

Monitoring

Basic monitoring of maternal pulse, oximetry, ECG, and 
blood pressure, is mandatory in all cesarean delivery 
patients. Monitoring must be initiated on admission to 
the labor and delivery room and/or operating room and 

continued until the end of anesthesia/recovery from anes-
thesia. Additional monitoring is individualized depending 
on institutional standards and the condition of the patient.

TECHNICAL ISSUES OF OBSTETRIC ANESTHETIC CARE
Positioning

The “ideal” patient positioning for neuraxial needle inser-
tion requires (1) straight spinal column, (2) wide inter-
spinous spaces, and (3) easy identification of the spinal 
column by palpation. Patients are usually required to 
hunch in a sitting or lateral decubitus position (Figure 
19.3). The sitting position is preferred by many anesthesia 
providers because it is easier to identify the midline axis. 
However, orthostatic hypotension is more likely to occur 
in the sitting position. It is important to make sure that 
parturients in the sitting position do not lean sideways. 
A footstool or a pillow on the lap may help them maintain 
a straight position. When performing neuraxial anesthesia 
in the lateral decubitus position, right lateral (rather than 
left lateral) position is usually chosen, because it enhances 
the speed of bilateral block with left uterine displacement 
[24]. In either sitting or lateral decubitus, “tight curl” posi-
tion should be avoided in women with a gravid uterus at 
term as it may cause aorto-caval compression [25,26]. The 
authors recommend that the duration of the curl position 
be as short as possible.

Locating the needle insertion site

The anatomical landmark for the estimation of vertebral 
level is the intercristal line (Tuffier’s line, Jacoby’s line), 
which is known to most frequently cross L4 vertebral body 
level (Figure 19.4). The anesthetist must palpate the iliac 
crest and estimate vertebral levels before needle insertion.

However, this widely used palpation method is far from 
accurate. It is a common belief that palpation estimates in 
the sitting position are ≥1 vertebral higher than the ana-
tomical position [27,28]. Estimate errors can also arise in 
the lateral decubitus position (Figure 19.5). Ultrasound-
guided vertebral-level estimation may be a promising 
technique for more accurate estimation. Paramedian 
longitudinal views enable us to identify sacrum, lumbar 
vertebrae, and intervertebral spaces; it is also possible to 
estimate the depth of the epidural space in the transverse 
view [29].

Pre-anesthetic antiseptic preparations

Hand washing by the practitioner

Prior to any anesthetic procedure, the practitioner should 
consider proper hand preparation (e.g., washing). Basic 
soap and water simply move bacteria on the skin surface, 
instead of removing them, and therefore, these are not 
effective in killing microorganisms. Therefore, the use of 
alcohol-containing solutions or alcohol is recommended, 
especially by rubbing the practitioner’s hands. This is 
superior to hand washing with nonalcoholic antiseptic 
solutions such as povidone iodine or chlorhexidine [30].
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Figure 19.4 Intercristal line.

Figure 19.5 Possible interspace estimation error in the lateral position. The error may be more likely in pregnant women at term 
whose hips are greater in size.

(a) (b)

Figure 19.3 (a) Patient positioning for neuraxial anesthesia procedures, sitting position. (b) Patient positioning for neuraxial 
anesthesia procedures, lateral position.
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Masks, gowns, and gloves

The clinical significance of wearing a surgical gown for 
neuraxial anesthesia is not supported by evidence, and 
remains controversial. Gown technique is common in the 
United Kingdom, but not in the United States, France, and 
Japan [31].

To the contrary, anesthetic providers should always wear 
a surgical mask during neuraxial procedures. The practice 
advisory of the American Society of Anesthesiologists rec-
ommends use of surgical masks during administration of 
all kinds of regional anesthesia [32]. In spite of these rec-
ommendations, five healthy women who underwent spinal 
anesthesia for labor developed bacterial meningitis, and 
one of them subsequently died [33]. Four of the cases were 
confirmed to be infections with Streptococcus salivarius, a 
bacterium of the normal human mouth flora.

It is routine practice to wear sterile gloves for neur-
axial techniques. Latex or vinyl gloves are usually worn 
depending on institutional guidelines and/or provider’s 
preference.

Skin preparation at the needle insertion site

The importance of aseptic skin preparation technique at 
the site of neuraxial needle insertion site cannot be over-
emphasized. The aseptic skin preparation should be per-
formed after the proper patient positioning (for induction 
of regional anesthesia) is established [14].

Although the most commonly used disinfectants include 
povidone iodine- and chlorhexidine-based solutions, the 
ideal solution is still controversial. Chlorhexidine with or 
without alcohol (isopropyl alcohol or ethanol) is recom-
mended for prevention of intravenous catheter-related 
infections. However, the evidence is not conclusive that 
chlorhexidine-based solutions reduce infectious compli-
cations associated with neuraxial anesthesia.

The American Society of Anesthesiologists Task Force 
published the recommendation to use the alcohol-based 
solutions in 2010 [32]. The superiority of alcohol-based 
solutions is based on the fact that they eliminate the 
Staphylococcus flora in the corneal layer of the skin better 
than non-alcohol-based skin prep solutions. Disadvantages 
of alcohol-based solutions include its flammability (fire 
hazard in the operating room) and irritant properties to 
skin and/or mucus membranes.

Needles, syringes, catheters

Spinal needles

Spinal needles fall into two categories: those with beveled 
tips and cutting edges and those with pencil-point tips. 
The pencil-point tip needles are recommended because 
they reduce the incidence of postdural puncture headache 
[14,34,35]. Pencil-point needles also provide better tactile 
feel as they pass through layers of tissues, especially the dura.

Smaller-gauge needles are less likely to cause postdural 
puncture headache [34] but more likely to deflect than 
larger-gauge needles. The most commonly used needle 
size for cesarean delivery is 25–27 gauge.

Epidural needles

The most common types of epidural needles used in 
obstetrics are the 17- to 18-gauge Tuohy (or Tuohy–Schliff) 
needles with a curved tip and a lateral facing orifice. 
This lateral orifice avoids the undesired insertion of the 
epidural catheter toward the dura mater and facilitates 
smooth catheter insertion.

CSE needles

It has been reported that combining spinal and epidural 
blocks may appear cumbersome and time consuming [14]. 
However, newer CSE trays have eliminated many equip-
ment limitations, and thus reduced preparation time. In 
experienced hands the entire procedure should not take 
longer than approximately 4–5 minutes. An 18-guage 
Tuohy (or other type) epidural needle, placed in the lum-
bar epidural interspace, serves as an introducer to a long 
27-gauge pencil-point spinal needle that punctures the 
dura and subarachnoid mater of the spinal cord allowing 
the initial injection of the subarachnoid dose for induc-
tion of labor analgesia [14]. There is even a special CSE 
needle set on the market, which allows the spinal needle 
to be “locked” on the epidural needle, so it is kept in fixed 
 position during administration of spinal medications 
(Figure 19.6).

Epidural needle

Spinal needle

(a)

(b)

Figure 19.6 (a and b) Combined spinal and epidural nee-
dle; the spinal needle is inserted through the epidural needle.
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Loss of resistance (LOR) syringes

In the LOR syringe the internal wall of the barrel is 
coated with silicon to reduce friction between the barrel 
and plunger. This helps the operator to feel the resistance 
change when an epidural needle tip enters the epidural 
space.

Catheters

The epidural catheter may either have a single orifice or 
multiple orifices. A multi-orifice catheter may result in 
a smaller incidence of patchy or unilateral blocks [36]. 
Some practitioners prefer wire-embedded catheters 
because of less likelihood of an unintentional intrave-
nous catheter insertion [37]. However, the outcome with 
the use of either single-orifice or multi-orifice catheters 
is similar [38].

Words of wisdom—spinal anesthesia

Midline approach using non-cutting-edge needle (Figure 
19.7):

 1. Identify the interspinous space (L3/4 or L4/5*) in the 
midline (Figure 19.8a).

 2. Make a skin wheel with local anesthetic over the selected 
injection site.

 3. Insert the introducer† in the midline. (Figure 19.8a).
 4. Hold the introducer with the nondominant hand 

(index finger and thumb) and insert the spinal nee-
dle through the introducer using the dominant hand 
(Figure 19.8b).

 5. Advance the spinal needle in the midline slowly to sense 
the resistance of the needle.‡ There are two resistance 
changes until it enters the subarachnoid space. The first 
subtle “pop” is noted as the needle passes through the 
ligamentum flavum. This is followed by the second big-
ger “pop” as it goes through the dura.

 6. Remove the stylet of the needle while grasping the nee-
dle hub with the nondominant index finger and thumb. 
The cerebrospinal fluid (CSF) should flow into the nee-
dle hub.

 7. Keep the needle steady and connect a medication 
syringe (Figure 19.8c).

 8. Confirm easy aspiration of the free-flowing CSF with 
the syringe, and then administer medications at a rate 
of approximately 0.2 mL/s.

* When interspaces were identified by palpation of the intercristal line, 
it is prudent not to choose L2/3 interspace for needle insertion in 
order to avoid traumatic injury to the spinal cord. Note that palpation 
estimates are often ≥1 vertebral higher than the anatomical position 
[28,39].

† It is recommended to insert a non-cutting-edge needle through an 
introducer in order to avoid needle deflection (Figure 19.8d) and con-
tamination with skin flora.

‡ Great care should be taken to avoid displacement of the needle tip 
from the subarachnoid to the epidural space. It is recommended that 
the dorsum of the nondominant hand should be anchored against the 
patient’s back while the fingers and thumb grasp the needle (Figure 
19.8c).

Troubleshooting:

• If the needle contacts a bone, redirect it to a slightly 
cephalad (or caudal) direction. If redirection does not 
help, withdraw the needle completely and move the 
insertion site slightly cephalad or caudal in the midline. 
Change the interspace if the needle still contacts a bone.

• If CSF does not appear in the needle hub after removing 
the stylet following the characteristic “pop,” rotate the nee-
dle in 90° increments until CSF appears. If CSF still does 
not appear, advance the needle by 1 mm with caution.

• If CSF flow is minimal when aspirated, it can be either 
that the needle tip hole is not completely placed in the 
subarachnoid space (Figure 19.9), or cauda equina is 
plugging the needle hole. Advance the needle by 1 mm 
and check for free-flowing CFS again.

Words of wisdom—epidural anesthesia

Midline approach (Figure 19.10):

 1. Identify the interspinous space (L3/4 or L4/5) in the 
midline.

 2. Make a skin wheel with local anesthetic over the selected 
insertion site.

 3. Advance the epidural needle in the midline through the 
supraspinous ligament and interspinous ligament to the 
ligamentum flavum (Figure 19.11a). The practitioner 
should be able to discriminate different ligaments by 
tactile sensation.

 4. With the needle tip in the ligamentum flavum, remove 
the stylet and connect an LOR syringe (or other) filled 
with saline or air§ to the hub of the epidural needle.

 5. Grasp the needle wing with the nondominant hand and 
push toward the epidural space, while applying constant 
pressure on the LOR (or other) syringe plunger with the 
dominant thumb (Figure 19.11b). When the needle tip 

§ Saline is safer than air because air can cause pneumocephalus in case 
of unintentional dural puncture, resulting in severe headache [40]. 
Injection of air into the epidural space can also lead to patchy block.

Spinous
process

Cerebrospinal
fluid

Figure 19.7 Needle placement—midline approach, sagit-
tal image.
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(a) (b)

(c) (d)

Figure 19.8 Procedures for spinal anesthesia: (a) insertion of an introducer, (b) spinal needle insertion through the introducer, 
(c) administration of medications to the subarachnoid space, and (d) deflection of spinal needle.

Cauda
equina

Subarachnoid
space

Epidural
space

Dura and
arachnoid

CSF
Spinal needle

(a)

(b)

CSF

Figure 19.9 Spinal needle orifice position. (a) The needle is placed in an appropriate position. (b) Although the very tip of the 
needle is in the subarachnoid space, the orifice is not completely placed inside the subarachnoid space.
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enters the epidural space, the nondominant hand feels 
reduction in resistance and the syringe plunger allows 
the saline or air to flow without resistance into the epi-
dural space.

 6. Thread an epidural catheter slowly through the epidural 
needle 4–5 cm into the epidural space.*

 7. Remove the epidural needle slowly, while the catheter is 
kept in place.

 8. Once the epidural catheter is placed in the desired posi-
tion, secure it with a transparent adhesive dressing.

* The shorter the length of the catheter in the epidural space, the higher 
is the incidence of catheter displacement. To the contrary, the risk of 
unilateral blockade is higher when the catheter length in the epidural 
space is longer.

Words of wisdom—CSE anesthesia, needle-through-needle 
technique (Figure 19.12)

Midline approach:

 1. Please see items 1–5 of “Technical aspects for epidural 
anesthesia” described above.

 2. Once the epidural space is identified, remove the sty-
let of the epidural needle, and insert the spinal needle 
through the epidural needle while holding the epidural 
needle.

 3. When a “pop” or “click” sensation is felt, remove the 
stylet of the spinal needle while grasping the spinal nee-
dle hub with the nondominant hand.

 4. With confirmation of CSF flow into the spinal needle 
hub, connect a medication syringe, then administer 
medication (same way as with spinal anesthesia).

(a)

(b)

Figure 19.12 (a and b) Combined spinal and epidural 
anesthesia.

Epidural catheter

Spinous process

Epidural needle

Cerebrospinal fluid

Figure 19.10 Epidural catheter placement.

(b)

(a)

Figure 19.11 Procedures for epidural anesthesia: (a) epi-
dural needle insertion to the ligamentum flavum, (b) loss of 
resistance technique.
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 5. Remove the spinal needle with an empty medication 
syringe.

 6. Thread an epidural catheter slowly (same way as with 
epidural anesthesia).

Confirming anesthetic block effects

A dermatome is an area of skin supplied by a single  spinal 
nerve root (Figure 19.13). Knowledge of dermatomes is 
crucial when evaluating the extent (height) of neuraxial 
blockade. Some landmark dermatomes are shown in 
Table 19.4.

Bilateral block height from S5 to T4 is needed for cesar-
ean surgery. It is sometimes misunderstood that only 
T10–12 blockade is necessary (as surgical site is the lower 
abdomen and pelvis). Although skin incision is made 
on the skin innervated by T10–12, sensory nerves to the 
uterus and surrounding organs must also be blocked to 
provide comfortable surgery to the parturient.

Block height is determined by lack or deficit of pain or 
cold sensation of the skin. The sense of pain is assessed by 
pin-prick, ice, or alcohol swab. Contrary to the sense of 
pain and cold, the sense of touch and position are usually 
preserved after introduction of spinal/epidural/CSE anes-
thesia. Patients should be informed and prepared to expect 
touch sensation, pressure, and traction during surgery.

With spinal anesthesia a blockade to T4 level is usually 
achieved within 10 minutes. The onset of de novo epi-
dural anesthesia develops much slower (e.g., 20 minutes 
for bupivacaine, levobupivacaine. or ropivacaine without 
fentanyl or sodium bicarbonate and approximately 10 
minutes for lidocaine combined with fentanyl and sodium 
bicarbonate).

Inadequate spinal/epidural block

Causes of insufficient spinal block after seemingly success-
ful spinal injection include misplaced injection, abnormal 
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anatomy, and medication errors [41]. Figure 19.13 shows 
an example of misplaced injection. Some injectate is lost to 
the epidural space, hence an insufficient blockade. Rarely, 
cauda equina or ligaments, which support the spinal cord 
within the subarachnoid space, can behave as a barrier 
preventing anesthetics from spreading.

Performing a second spinal injection in case of insuffi-
cient spinal block is controversial. As the second full dose 
might result in high spinal block, it is reasonable to reduce 
the second dose.

The success rate of epidural anesthesia is lower than that 
of spinal anesthesia. Asymmetric block is not uncommon. 
One of the causes of this phenomenon is an epidural cath-
eter migration to the paravertebral space. Patchy block 
occurs when a catheter is unintentionally placed in the 
subdural space.

SIDE EFFECTS AND COMPLICATIONS
Hypotension

Hypotension is a side effect quite commonly observed 
after induction of spinal, epidural, and CSE anesthe-
sia. Hypotension is especially noticeable with spinal 
anesthesia where the incidence can be as high as 80%. 
Hypotension is less common in epidural anesthesia 
because the incidence and severity of hypotension are 
partly determined by the speed of onset of epidural block. 
Neuraxial anesthesia-related hypotension is caused by 
blockade of sympathetic vasomotor activity that is inner-
vated through spinal nerves. When the parturient is 
turned to the supine position, gravid uterus compresses 
the descending aorta and inferior vena cava (aorto-caval 
compression syndrome) and can further lower the mater-
nal blood pressure.

Hypotension can result in maternal nausea/vomiting, 
unconsciousness, and cardiac arrest. However, uteropla-
cental perfusion and fetal compromise might be more vul-
nerable to its effects. Hypotension must be prevented and 
treated aggressively when it occurs (Box 19.1). Parturients 
of 20 or more weeks’ gestation should have a left tilt 
when positioned in the supine position. Intravenous fluid 

preloading with 500–1000 mL of crystalloid solution 
is a classical prophylactic method against hypotension. 
However, it has been reported that intravascular colloid 
infusions might be more effective [42].

Left uterine displacement and/or intravascular fluid 
infusions do not completely prevent hypotension after 
neuraxial anesthesia. Hence, vasopressors must be 
ready at hand. For decades, ephedrine (an adrenalin α, 
β-agonist) was believed to be the vasopressor of choice 
for treatment of hypotension during neuraxial anesthe-
sia for cesarean delivery. However, some studies have 
demonstrated that phenylephrine (an α-agonist) is 
equally effective and safe to prevent and treat hypoten-
sion induced by spinal anesthesia [43]. It seems reason-
able to choose either vasopressor depending on maternal 
heart rate; when the parturient is bradycardic ephedrine 
would be the first line, and when tachycardic, phenyleph-
rine should be used. Ephedrine is usually administered 
by intravenous boluses of 5–10 mg. Phenylephrine can 
be given by either boluses of 0.05–0.1 mg or infusion of 
0.025–0.1 mg/min.

Postdural puncture headache (PDPH)

Postdural puncture headache (PDPH) also known as spi-
nal (or postspinal) headache remains a disabling compli-
cation of needle insertion into the subarachnoid space. 
Parturients are at increased risk of dural puncture, and 
the subsequent headache, because of sex, young age, and 
the widespread use of regional anesthesia in obstetrics 
[7,14,35,40].

The incidence of this complication depends on the type 
and size of needle used. However, several articles reported 
that the frequency of PDPH did not increase with CSE 
technique when compared with spinal [44] or epidural 
anesthesia [45,46]. Typically the headache is pulsatile, 
frontal to parietal, and occasionally occipital in location. It 
is positional, exacerbated by sitting or standing, but grad-
ually relieved in the supine position. Neck pain, nausea 
and vomiting, tinnitus, and diplopia may accompany the 
often severe cephalgia. Symptoms usually develop within 
2–3 days following dural puncture with a needle. Most 
cases of PDPH resolve within a few weeks. However, some 
headaches might last for several months or over a year. 
The differential diagnosis includes severe preeclampsia or 
eclampsia, posterior reversible encephalopathy syndrome, 
subdural hemorrhage [47], venous sinus thrombosis/cor-
tical vein thrombosis, pneumocephalus, and meningitis. 
Etiology may be due to the decrease in the CSF volume 
or pressure, or both, leading to traction on pain-sensitive 
brain structures. Cerebral vasodilation via adenosine 
receptor activation may be a contributing factor.

Pre-anesthetic preventive strategies:

• Pencil-point spinal needles for spinal anesthesia: Pencil-
point needles are recommended in obstetric anesthe-
sia practice [34]. This non-cutting-edge type of needle 
design is believed to separate the dural fibers instead of 
cutting them, so the CSF leakage is less significant when 

Box 19.1 Prophylaxis and management of 
hypotension

 • Crystalloid coloading or colloid loading
 • Left uterine displacement
 • Ephedrine/phenylephrine

Table 19.4 Landmark dermatomes

Area of skin Dermatome

Nipple T4
Tip of xiphoid process T6
Umbilicus T10
Perineum S2–4
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the needle is removed. Microscopic studies clearly show 
that the CSF leakage is less in non-cutting-edge needle 
than in cutting-edge needle [48]. One study showed that 
non-cutting needle produced a traumatic opening with 
tearing and severe crush of the collagen fibers while 
cutting needle created a sharp-cut opening of the fibers. 
It is believed that non-cutting needles exacerbate the 
inflammation reaction of the dural hole, subsequently 
facilitating fibroblastic proliferation of the tissues and 
repair of the dural hole [49]. In order to reduce the inci-
dence of PDPH, direction of the cutting bevel should 
be inserted parallel to the longitudinal dural fibers [50].

• Needle size for spinal anesthesia: Spinal needle size is 
important, affecting the incidence of PDPH. However, 
very slow CSF flow from very small needles might 
require several attempts, lead to multiple dural punc-
tures, greater failure rate, and subsequently not reduce 
the incidence of PDPH. It is believed that 27–25 gauge is 
an optimal needle size for spinal anesthesia.
Other techniques for preventing PDPH:

• Ultrasound-guided neuraxial approach may help 
identify the correct needle insertion site, and guide 
the depth and angle of the needle insertion. This may 
reduce unnecessary dural punctures [51,52].

• Some authors have recommend insertion of the Tuohy 
(or other) needle with the bevel parallel to the long axis 
of spine if midline approach is used [53,54], or use of 
paramedian approach instead [55,56]. However, this is 
still controversial.

Psychological support

Since PDPH is an iatrogenic complication, patients 
are often depressed, anxious, restless, and even angry. 
Therefore, it is essential that the practitioner visits the 
patient at least once daily to explain symptoms and prog-
nosis with and without treatment. Psychological support 
and other therapeutic options in some cases might be nec-
essary. After discharge, follow-up telephone conversation 
may be indicated.

Prevention of PDPH after accidental dural puncture

Although a few measures have been proposed to prevent 
PDPH (subarachnoid injection of normal saline, inser-
tion of the epidural catheter into the subarachnoid space 
through the dural hole, etc.), none have been shown to 
work with certainty to date [57–63].

Kuczkowski and Benumof [64] reported that follow-
ing accidental dural puncture with an 18-gauge epidural 
needle in pregnant women, sequential (Table 19.5) (1) 
injection of the CSF in the glass syringe back into the sub-
arachnoid space through the epidural needle, (2) inser-
tion of an epidural catheter into the subarachnoid space, 
(3) injection of a small amount of preservative-free saline 
(3–5 mL) into the subarachnoid space through the sub-
arachnoid catheter, (4) administration of bolus and then 
continuous intrathecal labor analgesia, and (5) leaving 
the catheter in situ in the subarachnoid space for a total 

of 12–20 hours decreased the incidence of PDPH from 
76%–85% to 14% [64].

Since their original report the authors encountered 
eight more pregnant women in whom the performance 
of epidural analgesia was complicated by an accidental 
dural puncture with an 18-gauge epidural needle. In all 
eight additional cases, the accidental dural puncture was 
followed by the same five maneuvers and no PDPH was 
reported in any of these patients. These additional eight 
cases combined with the original seven patients (N = 15) 
suggest that following an accidental dural puncture with 
an 18-gauge epidural needle in parturients, sequen-
tial performance of these five maneuvers decreased the 
incidence of PDPH from 76%–85% (13) to 6.6%. (PDPH 
occurred only in one out of our total number of 15 preg-
nant patients.) All of these five components were aimed at 
maintaining CSF volume [64].

Pharmacological therapy

The first-line (conservative) therapy with medications 
for PDPH includes acetaminophen/paracetamol, ibupro-
fen, naproxen, and other nonsteroidal anti-inflammatory 
drugs (NSAIDs). These agents should be administered as 
scheduled dosing for 1–2 days instead of “as needed” dos-
ing. For severe headache, oral or intravenous opioids may 
also help relieve it.

In the past years, several agents such as caffeine, sumat-
riptan, gabapentin, theophylline, hydrocortisone, or 
adrenocorticotropin (ACTH) have been investigated as 
treatment for PDPH. A Cochrane review in 2011 showed 
that each drug was effective to reduce PDPH when com-
pared to placebo [65]. Caffeine is the most popular agent for 
treatment of PDPH. However, it lasts for a limited period of 
time. The optimal dose of caffeine is also still controversial.

Therapeutic epidural blood patch

This therapy has been clinically accepted as the “gold stan-
dard” of treatment of severe PDPH [66]. Speculative mech-
anisms of headache relief by epidural blood patch include 
(1) increase in intracranial blood pressure via compressing 
the thecal sac by epidural blood, resulting in restoration 
of tractional brain structure, (2) deactivation of adenosine 

Table 19.5 Prevention of PDPH in pregnant women: 
Maintaining CSF volume

1.  Injecting the CSF in the glass syringe back into the 
subarachnoid space through the epidural needle

2.  Passing the epidural catheter through the dural hole into 
the subarachnoid space

3.  Injecting 3–5 mL of preservative-free saline into the 
subarachnoid space through the subarachnoid catheter

4.  Administering bolus and then continuous intrathecal labor 
analgesia through the subarachnoid catheter

5.  Leaving the subarachnoid catheter in situ for a total of 
12–20 hours

Source: Adapted from Kuczkowski KM, Benumof JL. Acta Anaesthesiol 
Scand 2003;47:98–100.
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receptor and reversal of cerebral vasodilation by increase 
in intrathecal pressure, (3) fibrin clot formation, and seal-
ing of the dural hole with injected epidural blood.

Optimal blood volume for the epidural blood patch is 
controversial. Some researchers suggest that 12–15 mL 
blood be used for epidural blood patch [67,68], while oth-
ers conclude that 7.5–10 mL is enough [69,70]. One study 
showed 20 mL blood relieved headache more frequently 
than 15 mL blood [71]. In this study, all of the subjects 
received their epidural blood patch more than 24 hours 
after the dural puncture.

If the practitioner decides to perform epidural blood 
patch, the procedure should be done under sterile condi-
tions. Most practitioners let their patients remain supine 
for 30 minutes to 2 hours after epidural blood patch. If the 
treatment is effective, headache will cease within 48 hours. 
The overall success rate of the epidural blood patch is about 
70% [72,73]. If an epidural blood patch is ineffective in 
relieving the headache, repeated blood patch has a similar 
success rate. In case of the second patch failure, repeating 
the patch for a third time may be considered. However, 
first alternative causes should be considered for persistent 
severe headache. The timing of the epidural blood patch is 
also controversial. One study shows that an epidural blood 
patch prior to 48 hours after dural puncture has no advan-
tages [73]. A possible blood patch complication is a back-
ache at the site of injection. If a patient has a fever, infection 
at the puncture site, or any coagulation abnormalities, 
treatment with blood patch is contraindicated.

Local anesthetic systemic toxicity

Local anesthetic toxicity occurs when plasma concentra-
tion of a local anesthetic increases to toxic levels. This 
usually happens when the epidural dose of a local anes-
thetic is unintentionally administered into the vessel in 
the epidural space. The epidural vessels are known to be 
engorged during pregnancy. Toxicity can also occur when 
a relatively large (too large) dose of local anesthetic is 
administered to the epidural space and slowly absorbed 
into the circulation. Symptoms of local anesthetic toxicity 
vary depending on the plasma concentration of the local 
anesthetic (Table 19.6). They are caused by blockade of 

voltage-gated Na channels in the central nervous system 
(CNS) and cardiovascular system (CVS).

The CNS toxicity (e.g., seizures) is due to drug potency. 
Equipotent doses of different local anesthetics can cause 
similar symptoms of toxicity. However, L- or S-isomers 
have less propensity to cause seizure than racemic forms of 
local anesthetics. Therefore, levobupivacaine and ropiva-
caine (L- or S-isomer) are safer than bupivacaine regard-
ing CNS toxicity. In contrast, CVS toxicity varies among 
different concentrations of each drug. For example, lido-
caine has a greater margin of safety than bupivacaine. 
Bupivacaine (7–12 mcg/mL) can produce CVS toxicity at 
much lower drug blood concentrations. Furthermore, a 
lipophilic drug such as bupivacaine is more likely to cause 
irreversible heart conduction blocks. Among lipophilic 
drugs, levobupivacaine (L- or S-isomer bupivacaine), or 
ropivacaine are less likely to lead to CVS compared to 
bupivacaine. Bupivacaine, a low-cost local anesthetic, 
remains popular and safe in obstetric patients, if used in 
low (diluted) concentrations.

Prevention of local anesthetic toxicity far outweighs 
treatment [74]. Aspiration of epidural catheter prior to 
injection and a test dosing are essential. Although epi-
nephrine 10–20 mcg combined with a local anesthetic as a 
test dose may increase maternal heart rate around 10 bpm 
systolic blood pressure 10–20 mm Hg, it might be less sen-
sitive and less specific in laboring women. Another pre-
ventive strategy includes slow incremental administration 
of local anesthetics.

When severe systemic local anesthetic toxicity occurs, 
airway management is essential, because hypoxemia and 
acidosis decrease the seizure threshold and enhance myo-
cardial depression with increase of arrhythmogenic effect. 
Although benzodiazepines (e.g., diazepam and mid-
azolam) and propofol may suppress the seizure activities, 
they have untoward CVS effects. If treatment of arrhyth-
mias is needed, amiodarone is recommended rather than 
lidocaine. Lipid infusion therapy has become a method of 
choice for treatment of local anesthetic-induced CVS tox-
icity [75]. The mechanism includes (1) lipid drawing the 
local anesthetic out of the myocytes into blood; (2) lipid 
increasing intracellular calcium, resulting in improved 
cardiac contraction; or (3) lipid overcoming the loss of 
cardiac energy due to the local anesthetic’s inhibition of 
acylcarnitine transferase. Recommendation of lipid rescue 
is 1.5 mL/kg of 20% lipid emulsion as an initial dose, fol-
lowed by a maintenance infusion at 0.25 mL/kg/min. The 
bolus dose may be repeated once or twice for continued 
CVS toxicity, and the infusion rate may be increased to 
0.5 mL/kg/min. The practitioner should be aware of lipid-
related metabolic abnormalities such as increased triglyc-
eride or amylase, volume overload, fat embolism, and 
allergic reaction, which may occur.

High neuraxial blockade

High neuraxial blockade is caused by excessive spread of 
spinal/epidural medications or unintentional subdural 
administration of epidural dosage of anesthetic agents. 

Table 19.6 Symptoms at various (increasing) 
concentrations of lidocaine

Plasma concentration 
(mcg/mL) Symptoms

1–5 Analgesia
5–10 Light-headedness, dizziness, 

tinnitus, numbness around 
mouth/fingertips, agitation

10–15 Tonic–clonic seizures, 
unconsciousness

15–25 Coma, respiratory arrest
>25 Cardiovascular depression, cardiac 

arrest
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It causes impairment of ventilation and phonation, hypo-
tension, bradycardia, and unconsciousness. Immediate 
interventions include intubation, mechanical ventilation, 
and administration of vasopressors. Dyspnea and hand-
grip weakness are early signs of high neuraxial block. The 
anesthesiologist must carefully monitor patient’s ventila-
tion, hemodynamics, and the level of consciousness.

Traumatic neuropathy

Insertion of spinal or epidural needle and threading of an 
epidural catheter sometimes causes radiating pain and/or 
paresthesia. It is a sign of a needle or catheter touching the 
nerve roots or spinal cord. It is imperative not to go ahead 
with the procedure when the patient reports paresthesia. 
The needle or catheter should be withdrawn immediately. 
The second attempt at needle insertion or catheter place-
ment should not take place until after paresthesia goes 
away.

The level of the tip of spinal cord is known to be the 
lower border of L1 vertebrae or L1/2 interspace, but there 
is a wide anatomical variation, and the spinal cord can 
extend to L2/3 or the upper part of L3 vertebrae [9]. In 
addition, interspace estimation by palpating the intercris-
tal line is often higher than the anatomical level [28,39]. 
Therefore, it is emphasized one more time that L2/3 inter-
space should not be chosen for spinal needle insertion (to 
prevent spinal cord injury).

In the midline approach, keeping the spinal/epidural 
needle in the midline is crucial to avoid trauma of the 
nerve roots (Figure 19.11b). Damage to the nerve root may 
present with persistent paresthesia in the same derma-
tomal distribution. Symptoms involving more than one 
spinal segment suggest damage to the spinal cord.

Epidural hematoma

Epidural hematoma associated with regional anesthesia 
is a rare complication. It is mostly caused by trauma to 
epidural vessels, especially if the patient is coagulopathic 
due to anticoagulants or medical problems such as pla-
centa abruptio or HELLP syndrome. The symptoms of an 
epidural hematoma include severe lower back pain with 
localized tenderness, radiculopathy, myelopathy, bilateral 
weakness/paralysis in the lower extremities, lack of block 
regression, and urinary/bowel dysfunction. Symptoms 
usually develop within 12 hours of the initial neuraxial 
procedure. Prompt imaging studies of the spine such as 
a magnetic resonance imaging (MRI) and/or computed 
tomography (CT) are essential for diagnosis. If external 
spinal cord compression is shown on the imaging studies, 
it strongly suggests epidural space occupying lesion (e.g., 
hematoma or abscess). A surgical decompression within 
8 hours is mandatory to avoid irreversible nerve damage.

Epidural abscess

Epidural abscess associated with spinal, epidural, or CSE 
technique is an extremely rare complication. Transmission 
of bacterial flora to the epidural space may be via the hema-
togenous spread of infection or external contamination 

from the skin, urine, feces, amniotic fluid, oral flora from 
the practitioner’s mouth, or contaminated equipment. 
Diabetic patients, patients on chronic steroid therapy, 
patients with a history of intravenous drug abuse, and/
or a history of alcoholism are particularly at risk. When 
local infection is suspected, regional technique is contra-
indicated. Aseptic technique during all neuraxial blocks is 
mandatory. If catheter is left in situ for a prolonged dura-
tion, the risk of epidural abscess may increase. Therefore, 
the catheter should be left in situ no longer than 2–3 days 
(even if used for postoperative analgesia). There is no clear 
evidence that bacterial filters are effective in decreasing 
the incidence of epidural abscess [32].

The symptoms of an epidural abscess are similar to 
those of an epidural hematoma. The symptoms include 
severe lower backache with local tenderness, radiculopa-
thy, fever with leukocytosis/increased C-reactive protein, 
headache, and neck stiffness, and weakness/paralysis in 
the lower extremities. Imaging of the spine such as a MRI 
is essential for diagnosis. Antibiotics may be the treatment 
of choice in cases without neurological deficits. However, 
laminectomy is generally accepted as the most effective 
therapy for the severe cases (with neurological deficits). 
Prompt diagnosis followed by appropriate treatment is 
crucial for good outcome.

Chemical neuropathy

Nerve roots inside the subarachnoid space are vulnerable 
to chemical injury because they are poorly demyelinated. 
Cauda equina syndrome after spinal anesthesia is caused 
by neurotoxicity of the injectate (Box 19.2). Patients usually 
present with pain or sensorimotor deficit in the lower back, 
legs, and buttocks, and urinary and rectal disturbances. 
There is no specific and effective treatment for this damage, 
and the symptoms often result in permanent impairment.

Symptoms of transient neurologic syndrome or transient 
radicular irritation are defined as pain or dysesthesia in 
the lower back, legs, and buttocks after spinal anesthe-
sia. The symptoms usually resolve within a few days, in 
contrast to those of cauda equina syndrome. The cause of 
transient neurologic syndrome is controversial, however; 
one hypothesis is of chemical injury by noxious injectate 
into the subarachnoid space (with less neural damage than 
in cauda equina syndrome) [10].

Arachnoiditis

Arachnoiditis after spinal anesthesia is a rare, but devas-
tating condition. It is a progressive inflammation of the 

Box 19.2 Risk factors for chemical injury to 
the cauda equina

 • Limited spread of a high-dose local anesthetic within 
the subarachnoid space

 • Lidocaine, dibucaine, tetracaine
 • Preservatives
 • Unintentional administration of a large dose of anes-

thetic intended for epidural injection
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arachnoid typically associated with an unintentional 
injection of noxious chemical substances, such as preser-
vatives and antioxidants, contained in an epidural anes-
thetic. Patients usually present with bilateral lower limb 
weakness, and bladder and bowel dysfunction. The prog-
nosis is poor.

POST-OP PAIN MANAGEMENT
Postoperative pain management should not be neglected 
after cesarean delivery. Good pain control promotes good 
quality of recovery and allows mothers to take care of 
their babies. Furthermore, it may prevent development of 
chronic pain, which may result from inadequate treatment 
of acute pain.

There are several options available for postoperative 
pain management after cesarean delivery. These include 
intravenous medications, neuraxial techniques, periph-
eral nerve blocks, and wound infiltration. Multimodal 
oral analgesia combined with the options listed above may 
be the best choice, although the safety of breastfeeding 
should be considered.

If spinal anesthesia is used for cesarean delivery, intra-
thecal morphine 100–200 mcg will provide superior 
pain relief for about 12–24 hours after surgery. If epi-
dural anesthesia is used for the surgery, epidural mor-
phine 2–4 mg is equipotent to intrathecal morphine dose 
of 100–200 mcg. Side effects include pruritus, nausea, 
and vomiting. However, the most important morphine-
related adverse effect is respiratory depression. Therefore, 
arterial oxygen saturation should be monitored at least 
24 hours after the drug administration. Fentanyl may be 
used instead of morphine. However, it should be used as 
a patient- controlled technique because of a shorter dura-
tion of action.

Local anesthetics (e.g., ropivacaine or levobupivacaine) 
can be used in transversus abdominis nerve block, ilio-
inguinal and iliohypogastric nerve blocks, and wound 
infiltration.

For intravenous analgesia, fentanyl or morphine may 
be used as a patient-controlled analgesia (PCA). Usually, 
initial PCA settings are bolus of fentanyl (25 mcg) or mor-
phine (1 mg), with lockout time of 10 minutes, and no 
background infusion.

Concurrent nonsteroidal anti-inflammatory drugs 
and acetaminophen through various routes are often 
used. Oral oxycodone or tramadol can be used for stron-
ger pain.
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20Characteristics of the postcesarean 
delivery uterine scar
ANTONIO MALVASI and GIAN CARLO DI RENZO

INTRODUCTION
The scar is the result of various chronologically related 
biological events that comprise two key moments: cell 
regeneration and connective tissue replacement. These 
two phases differ on the phylogenetically acquired capac-
ity of each tissue to repair, and on the external events that 
may interfere with the scarring process.

It would therefore be wrong to imagine a simplistic 
process of “substitution” of connective tissue in the myo-
metrial scarring area. What instead occurs is an active 
process of “regeneration” of the cellular and structural 
constituents. In fact, some pathologists prefer the more 
appropriate term “restitution” to the word “substitution.” 
Mesodermal tissues, including the myometrium, which 
is formed by stem cells, have the ability to produce their 
normal component elements, which are not passively 
replaced with connective tissue and amorphous substance 
(Figure 20.1).

The repairing processes, including in the myometrium, 
are mediated by different cell growth factors and inhibitor 
factors. Therefore, quality of healing process and possible 
related endometrial, myometrial, and peritoneal compli-
cations are strictly dependent on the activity of growth 
and inhibitor factors [1–3].

The precise mechanism that involves these factors in 
the healing process is not completely known, and further 
studies are needed in order to determine whether exoge-
nous or endogenous causes influence and handle the scar-
ring process of hysteroraphy.

We can list other interfering factors, such as type of 
suture, suture material, possible peritoneal suture, cesar-
ean delivery performed during labor or elective, endome-
triotic implantation on the suture, and blood extravasation 
occurred during the postnatal period in the area of suture. 
These factors can also influence the possibility of a vaginal 
birth after cesarean delivery (VBACS) [4].

The severity of complications related to the uterine scar 
during a vaginal delivery in women with a history of one or 
more previous cesarean deliveries, resulted in an increas-
ing number of studies conducted with different diagnostic 
methods, in order to assess the existence of parameters for 
a safe vaginal delivery. In particular, the first diagnostic 
studies were performed with hysterosalpingography fol-
lowed by ultrasound and other “imaging” methods (com-
puted tomography [CT] and magnetic resonance imaging 
[MRI]).

Morphological studies have also been also conducted, 
although less numerous than clinical–instrumental ones, 

which have often been correlated with the observations 
deriving from other diagnostic techniques.

ASSESSMENT OF THE UTERINE SCAR WITH 
HYSTEROSALPINGOGRAPHY
The postcesarean delivery uterine scar was initially 
viewed by means of hysterosalpingography (Figure 20.2) 
[5–7]. The rationale for these studies was similar to that 
in studies currently being carried out with other imaging 
 methods [8,9].

The most significant image that can be seen in hystero-
salpingography x-rays is of a “plus area” located at the level 
of the anterior isthmus wall of the uterus in which the 
contrast agent penetrates. This is the postcesarean delivery 
scar area that can be more or less deep and which provides 
a “negative” image of myometrium thickness in that area.

The limit of a hysterosalpingography, in terms of assess-
ing the cesarean delivery scar, is the inability to view the 
external wall of the scar area and therefore to only provide 
information on the inner wall and on the thickness of the 
uterus in that area.

In addition to this recurring image, deformations of the 
isthmus–cervical area resulting from a previous cesar-
ean delivery or its complications can also be occasionally 
seen [1]. Therefore, in some cases, this plus area can in turn 
contain “minus areas” that correspond to rare exophytic 
formations that developed in the scar area, such as polyps, 
endometriotic implants, and neoplasia.

Hysterosalpingography after a cesarean delivery can 
also show other morphological abnormalities that may be 
related to the surgical procedure. Defects of the cervical 
canal can be observed, which are often associated with 
hypertrophic scarring or partial synechiae. A lengthening 
of the cervical canal can also be detected, but this could be 
prior to the cesarean delivery.

In some cases an “opening” of the isthmus can be 
detected, which is, however, less common than one might 
suspect. Last, tubal occlusions or filling defects of the uter-
ine cavity, resulting from synechiae of the endometrial 
cavity, secondary to a postcesarean delivery infectious 
process, may also be detected.

The images of the uterine scar can be either below or 
above the internal uterine orifice, depending on the loca-
tion of the uterine incision. Generally, if the cesarean 
delivery is performed during labor, the scar is located in 
the middle of the cervical canal. In case of an elective 
cesarean delivery the scar is located above the internal 
uterine orifice. The location of the scar is so tied to the 
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dilatation internal uterine orifice at the time of cesarean 
delivery. It is clear that in the presence of a dilatation the 
incision is made below the internal uterine orifice. On the 
contrary, in the case of an elective cesarean delivery, in 
which the uterine segment has not yet completed its mor-
phological growth, the incision will be high and almost 
always between the uterine body and the uterine segment. 
Thus, over time a scar will remain above the internal uter-
ine orifice. Finds of this type are becoming more frequent 

in the case of patients who undergo hysterosalpingogra-
phy for secondary infertility due to the increase in cesar-
ean deliveries.

The various morphological features described can be 
observed in anterior–posterior and sagittal or parasagittal 
x-rays. It is almost always possible to use x-rays to deter-
mine the depth in millimeters of the scar, in order to eval-
uate the thinning of the uterine wall at the level of the scar.

Four classes of hysterography (Table 20.1) have been 
identified based on scar depth:

This classification has currently been set aside in favor 
of less-invasive diagnostic techniques. However, VanVut 
[9] evaluating with hysterosalpingography 68 patients 
with previous cesarean delivery, considered this method 
useful in order to determine the thickness of the scar that, 
according to the author, was related to the gestational age, 
the surgical procedure that was performed, and the loca-
tion of the incision.

Figure 20.2 Hysterosalpingography performed on a uterus with uterine scar from cesarean delivery. At top right is the front 
uterine wall at the isthmus level which shows an area filled with the contrast medium, defined “plus area,” corresponding to a thin-
ning of the wall in the scar area.

Table 20.1 Four classes of hysterography

Class Condition

I Hysterographies that are considered normal, no scar 
is noticed

II Deformations with depth under 4 mm, or small 
alterations difficult to measure

III Losses of substance that reach 45 mm and 
deformations that cannot be measured but whose 
morphology evokes defective scarring

IV Depth abnormalities greater than 6 mm evoking 
poor scar quality

Exogenous factors

Restitution

Substitution

Endogenous factors

Figure 20.1 The two main healing factors: restitution and 
substitution in dynamic equilibrium with each other and influ-
enced by exogenous and endogenous factors.
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In a study Barbot [5] claimed that in cases where hyster-
oscopy could not detect small abnormalities of the uterine 
scar and its contents, such as blood, hysterosalpingogra-
phy could be an additional and valid method.

Negura et  al. [10] have also used hysterosalpingogra-
phies in experimental animal studies on previously preg-
nant bitches, to verify the morphological characteristics of 
the uterine scar after traumatisms were induced for exper-
imental purposes on the uterus.

In subsequent years the use of hysterosalpingography 
for the morphological study of the postcesarean scar in 
order to assess its suitability for VBACS has been aban-
doned in favor of other diagnostic techniques.

Currently the role of this method in evaluating the 
cesarean scar is mostly limited to the diagnosis performed 
by urologists of vesicouterine fistulae. Often these fistulae 
are the result of complicated cesarean deliveries.

Benchekroun et  al. [11] diagnosed 30 vesicouterine 
fistulae, six of which were diagnosed with a hystero-
salpingography, whereas Sefrioui et  al. [12] reported 
three vesicouterine fistulae diagnosed by urography and 
hysterosalpingography.

ASSESSMENT OF THE UTERINE SCAR WITH 
ULTRASOUND
The majority of studies reported in literature on the evalu-
ation of the uterine scar with imaging techniques con-
cern ultrasound. Ultrasound is a noninvasive diagnostic 
tool that can be easily reproduced and implemented. The 
degree of specificity and sensitivity of ultrasound can be 
compared with diagnostic tools. Currently it is considered 
the “gold standard” for the evaluation of uterine scar in 
the postcesarean vaginal delivery.

In 1990 Brown et al. [13] published a study that asserted 
that transvaginal ultrasound was much more effective than 
transabdominal ultrasound in evaluating the lower uter-
ine segment and the cervix, and was also not dependent on 
bladder filling. The study of the uterine scar involved radi-
ologists who in some cases compared CT and MRI and 
ultrasound. For instance, Kawakami et  al. [14] reported 
that unique uterine deformities displayed with MRI were 
significantly associated with transverse incisions from a 
cesarean delivery and could lead to a history of infertil-
ity found, with the help of CT scan, that a small popula-
tion of women with a history of infertility had a unique 
uterine deformity, in which the cervix appeared elongated 
and fixed to the anterior abdominal wall, due to the inci-
sion in the lower uterine segment of a previous cesarean 
delivery, especially when this had been performed at late 
gestational age.

Still, Hebisch et  al. [15], in comparing transvaginal 
ultrasound with MRI, concluded that transvaginal ultra-
sound was better in visualizing the uterine wall, in dif-
ferentiating it from the vesical wall, and in measuring the 
thickness of the scar.

In conclusion, after it was established that ultrasound 
was the best diagnostic technique to use to study the uter-
ine scar before and during pregnancy, the main purpose of 

further research aimed at determining the thickness of the 
uterine scar that could predict uterine rupture in patients 
who previously underwent cesarean deliveries.

Avrech et  al. [16], described a case of a women with 
a history of a preceding cesarean delivery, who had, at 
31 weeks’ gestation, without uterine contractility, a cor-
poreal uterine dehiscence of the previous scar, detected 
by ultrasound. This study showed how corporeal incision 
put the woman at higher risk for catastrophic events dur-
ing further pregnancies, even without uterine activity 
during the third trimester. For this reason, when there 
is a history of corporeal incision, or the site of incision is 
not known, any abdominal pain should raise suspicion of 
uterine rupture, and ultrasound monitoring is required 
(Figure 20.3).

Still, Lebedev et  al. [17], evaluated the morphologi-
cal characteristics of the uterine scar of 86 patients with 

(a)

(b)

Figure 20.3 (a) Transabdominal ultrasound in the third 
trimester of pregnancy, (b) performed to evaluate the lower 
uterine segment in pregnant women with a previous cesar-
ean delivery: the thin and extended lower uterine segment is 
visible.
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previous cesarean delivery, including ultrasound, exam-
ination of the lower uterine segment during surgery, 
bimanual postnatal control, and the histological exami-
nation of the scar tissue. This study confirmed the high 
usefulness of ultrasound for the assessment of uterine scar 
and the risk of uterine rupture related to labor.

In a prospective study, Michaels et  al. [18] evaluated 
“defects” of the lower uterine segment using ultrasound. 
They examined 70 pregnant women who would give birth 
by cesarean delivery, 58 of them at risk of rupture due to 
previous cesarean delivery and 12 nulliparous as control 
patients. Uterine defects were confirmed in 12 patients 
among the high-risk group (20.7%), while all patients 
belonging to the control group were normal.

Further, in a study by Fukuda [19], 84 pregnant women 
with a previous cesarean delivery were examined near 
term, in order to assess the risk of uterine rupture dur-
ing labor. In 70 patients, ultrasound detected good thick-
ness and good healing of the uterine scar, and 26 of 
them gave birth by vaginal delivery, whereas 46 women 
repeated cesarean delivery, for other obstetric complica-
tions. Among the 46 women, intraoperative findings in 
four women showed thinning of the uterine scar.

In 14 pregnant women, ultrasound demonstrated thin-
ning and poor healing of the uterine scar and iterative 
cesarean delivery was performed, confirming during the 
surgical procedure thinning and loss of continuity of the 
lower uterine segment in all of them.

In another study Fukuda et al. [20] performed a series, 
starting from the 16th week, of transabdominal (longitu-
dinal and transverse scans to assess the thickness of the 
uterine scar), transperineal, and transabdominal ultra-
sound scans, considering at risk of uterine rupture those 
scars with a thickness of less than 2 mm.

However, Alphen [21] reported another case of a woman 
with a history of two vaginal deliveries and two ectopic 
pregnancies with further left salpingectomy, who dur-
ing her fifth pregnancy had cesarean delivery because 
of abdominal pain and left uterine cornual rupture at 
29  weeks’ gestation. Her sixth pregnancy was strictly 
monitored with ultrasound in order to evaluate any uter-
ine wall changes at the cornual site, and the woman was 
told to refer any abdominal pain. At 28 weeks’ gestation, 
abdominal pain appeared and ultrasound revealed fundal 
uterine rupture confirmed by laparotomy. In conclusion, 
women with risk factors for uterine rupture should be rig-
orously monitored, and any abdominal complaint could 
be a sign of this catastrophic event, even without uterine 
activity, anytime during the third trimester (Figure 20.4).

Tanik et al. [22] compared lower uterine segment wall 
thickness measured with ultrasound with uterine wall 
thickness assessed intraoperatively, confirming the accu-
racy and safety of sonography to detect women with a 
history of previous cesarean delivery, with high risk of 
uterine rupture during labor.

These authors reported a sensitivity of 100%, a specific-
ity of 82%, with a positive predictive value of 87% and a 
negative predictive value of 100%.

Cheung et al. [23] evaluated, with obstetric ultrasound 
performed between 36 and 38 weeks, in a prospective study 
of 53 women with a previous cesarean delivery, 40  nul-
liparas, and 40 multiparous with unscarred uterus. They 
concluded that the prenatal ultrasound examination of the 
lower uterine segment was related to delivery outcome and 
comparable with intraoperative findings as well as poten-
tially capable of allowing diagnosis of an intrauterine 
defect and determination of the degree of thinning of the 
lower uterine segment in patients with previous cesarean 
delivery.

In another study, Cheung [24] examined 102 pregnant 
women between 36 and 38 weeks of gestation with one or 
more previous cesarean deliveries, to measure the thick-
ness of the lower uterine segment. This thickness, evalu-
ated as the distance between the outer wall of the bladder 
wall myometrium interface and the myometrium chorio-
amniotic membranes interface, was identified by obstetric 
ultrasound. If the ultrasound thickness of the lower uterine 
segment was less than 1.5 mm, the evaluation had a sen-
sitivity of 88.9%, a specificity of 59.5%, a positive predic-
tive value of 32%, and a negative predictive value of 92% in 
preventively determining dehiscence (in association with 
a 1.5-mm thickness of the lower uterine segment).

The author concluded that ultrasound could prop-
erly assess the thickness of the lower uterine segment in 
patients with a previous cesarean delivery, and, therefore, 
could potentially be used to predict the risk of uterine rup-
ture during VBACS.

Ultrasound examination with different methods (transab-
dominal, transvaginal, and sonohysterography ultrasound) 
allowed a characterization and classification of morphol-
ogy of the uterine scar. The morphology of the postcesarean 
delivery uterine scar can be divided into three groups (Table 
20.2). The “axe-sign” expression represents an incision on 
the outer surface of the anterior wall at the isthmus level, 
which can be viewed with a transabdominal ultrasound, 
and which is generally accompanied by a lengthening of the 
cervical area and by ventrofixation [25] (Figure 20.5).

Monteagudo et  al. [26] define “niche” as a triangu-
lar anechoic structure in the presumed site of the scar 
of the previous cesarean delivery. These authors used 
 sonohysterography to study 44 patients with a history of 

0 20 40 60 80 100

Def. scar
Tot. scar

84

14

Figure 20.4 The results of the Fukuda study of the uterine 
scars detected with ultrasound (14) on the total sample (84), 
done by comparing the ultrasound report with the intraopera-
tive report.
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previous cesarean deliveries and found a niche thickness 
of 6.17 ± 3.6 mm (standard deviation) (Figure 20.6).

Regnard et  al. [27] defined “niche” as a triangular 
anechoic area in the previous incision site found with 
sonohysterography. They studied 33 patients with previ-
ous cesarean deliveries to find out the images that suggest 
the existence of dehiscence after a cesarean delivery in 
the site of uterine scar. These authors measured residual 

myometrium depth describing dehiscence when niche 
had a thickness of least 80% of the anterior myometrium. 
The conclusion of this study is that sonohysterography 
 identified niche in 60% of patients, while prevalence of 
dehiscence was two out of 33 (6%), and risk of uterine rup-
ture was 0.4% (Figure 20.7).

Sambaziotis et al. [28] examined the lower uterine seg-
ment of 24 patients during the second trimester of preg-
nancy with previous cesarean delivery, as well as 30 control 
patients with transvaginal ultrasound. In addition, these 
authors defined niche as a small triangular anechoic defect 
on the anterior wall of the uterus where the site of incision 
is supposed to be. The thickness of the uterine wall was 
measured where the bladder dome meets the lower uterine 
segment, and the measurement was obtained by placing 
the cursors between the outer surface of the bladder and 
the amniotic deciduous layer. The authors concluded that, 
as early as the second trimester of pregnancy, the lower 
uterine segment is significantly thinner in women with a 
previous cesarean delivery, and that identification is pos-
sible in most patients.

Sen et  al. [29] assessed thickness of the lower uter-
ine segment using transabdominal and transvaginal 

(a)

(b)

Figure 20.5 (a and b) The uterus outside of pregnancy, with 
previous cesarean delivery, which shows the “axe-sign” image 
at the isthmus level (more clearly visible in the enlargement).

(a)

(b)

Figure 20.6 (a and b) The “niche” at the isthmus level in a 
uterus outside of pregnancy.

Table 20.2 Postcesarean delivery uterine scar 
morphologies

Type Ultrasound condition

A The axe-sign presents itself as a minus area, an 
incisure on the outer surface of the front wall of 
the uterus

B “Niche,” Anglo-Saxon term that indicates an 
incisure carved on the inner surface of the 
anterior wall, which appears as a minus area

C Fluid ovoid areas in the thickness of the anterior 
uterine isthmus wall in the seat of the scar
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ultrasonography in 71 women with previous cesarean 
delivery and in 50 control patients in order to evaluate a 
reasonable cut-off over which vaginal delivery can be con-
sidered safe.

Results showed that a critical cut-off for a safe lower 
uterine segment was 2.5 mm, as revealed from curves 
obtained by various operators.

Other ultrasound findings that can be observed in 
the presumed site of the uterine scarring are fluid cystic 
areas. Armstrong et al. [30] used transvaginal ultrasound 
to study uterine scar, thickness, and defects comparing 
38  patients with previous vaginal delivery and 32 with 
previous cesarean delivery, revealing a sensitivity of 100% 
and a specificity of 100% for this diagnostic test. They also 
detected defects represented by fluid collections within the 
site of incision, in 13 of 31 patients with a previous cesar-
ean delivery, representing 42% of cases (Figure 20.8).

HYSTEROSCOPY AND EVALUATION OF UTERINE SCAR 
AFTER CESAREAN DELIVERY
In the last two decades the incidence of cesarean deliveries 
has increased considerably, reaching rates of over 40% in 
many obstetric departments.

The uterine scar can also be evaluated with hysteros-
copy, which allows an internal and direct view of the scar. 
It can, therefore, detect any pathology developed after an 
abnormal wound healing process as a direct consequence 
of the scar itself (Figure 20.9).

Literature describes cases of localization of endometrio-
sis over the site of uterine scars after a cesarean delivery, 

of polyps, as well as of localizations of endometrial carci-
noma and ectopic pregnancies [31–55] (Figure 20.10).

Furthermore, previous cesarean delivery, especially 
when the incision is corporeal, represent a risk for rupture 
of the uterus (with abundant bleeding), often requiring 
emergency hysterectomy.

From 1978 to date, about 75 cases of ectopic pregnancy 
on cicatrix from previous cesarean delivery have been 
reported. The treatment, not yet standardized, included 
aspiration, curettage under ultrasound guidance, excision 
of the pregnancy, and even hysterectomy [37].

Successfully treated cases with correction of the uter-
ine breach through laparoscopy or laparotomy have 
been reported, while other authors reported effective 
treatment with resectoscopy or uterine artery emboli-
zation, through endovascular procedure, laparotomy, 
or laparoscopy, in combination with methotrexate or 
solely with methotrexate-based chemotherapy treatment 
[34,39–41,49,53].

Nowadays hysteroscopy is increasingly required in 
cases of abnormal uterine bleeding.

During this examination we showed how spotting, 
which is mostly postmenstrual, can be sometimes related 
to the presence of a defect in the anterior uterine wall 
at the level of a uterine cicatrix of a previous cesarean 
 delivery. This defect is highlighted during hysteroscopy as 
a “dimple” in the anterior wall, placed immediately after 
the internal uterine orifice. It can be more or less deep. It is 
usually not covered by endometrium (at most with a thin 
endometrium) and has a fibrous appearance.

Figure 20.7 A sonohysterography carried out in a patient with previous cesarean delivery shows the area of the uterine scar 
and in particular the “niche” (enlargement). (Modified from Malvasi A, Di Renzo GC. Semeiotica Ostetrica, Rome, Italy: CIC Edizioni 
Internazionali; 2012.)
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By looking at the uterine “dimple,” a loop of the vascu-
lar markings and a reduction of the endometrial thickness 
can be seen. This reduction can be correlated with forma-
tion of fibrotic tissue in varying degrees.

No other pathology, such as endometrial polyp, uterine 
myomas, and endometrial hyperplasias producing spot-
ting, was observed in patients who underwent hysteros-
copy. We also noted a collection of blood in the defect of 
the uterine wall, which was removed by the flow of saline 
solution during hysteroscopy. This diagnosis is correctly 
made when the hysteroscopy is performed in the immedi-
ate postmenstrual phase.

As we have seen, diagnosis of a hysterotomy scar defect 
of the uterine wall can also be performed with the help 
of transvaginal ultrasound. This diagnostic tool shows an 
anechoic triangular area at an inferior level on the ante-
rior wall of the uterus, which can then be confirmed by 
hysteroscopy.

Fabres et  al. [56] reported a case series of 24 patients 
with abnormal uterine bleeding, more specifically post-
menstrual spotting, which were correctly diagnosed 
through hysteroscopy. These authors also confirmed our 
hypothesis that the presence of fibrotic tissue on the hys-
terotomy scar, which appears as a defect in the wall, can 
obstruct the flow of menstrual blood into the cervical 
canal, determining hematometra and delayed postmen-
strual bleeding. The authors also believe that this anatomi-
cal defect, secondary to the process of cicatrization, can 
be corrected by hysteroscopic resection [56]. They treated 
24 patients who underwent hysteroscopic resection of the 
fibrotic tissue at the level of the defect in the uterine wall. 
Spotting disappeared in a majority of patients (20/24) in 
a 24-month  follow-up. The incidence and prevalence of 

(a)

(b)

Figure 20.8 (a) The uterus outside of pregnancy in a 
patient with previous cesarean delivery; (b) anechoic fluid col-
lection at the isthmus–cervical level.

Figure 20.9 A hysteroscopy performed on a uterus with previous cesarean delivery, in which the scarring area shows a clear 
excavation with thinning of the myometrium at the isthmus–cervical level.
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this anatomical defect are unknown. As found, 82.6% of 
patients with this defect (76 patients out of 92) experience 
abnormal uterine bleeding [57].

A defect in the uterine wall after a cesarean delivery 
has also been suggested as a cause of infertility. This is 
because the accumulation of blood in the wall defect may 
produce alterations in the cervical mucus and in sperm 
transport [57].

Figure 20.11 shows a view of the internal uterine ori-
fice and the defect of the anterior wall of the uterus cor-
responding to the scar from a previous cesarean delivery. 
These pictures show the prevalence of fibrous tissue with 
minimal glandular component and with a loop of the vas-
cular markings.

MORPHOLOGICAL EVALUATION OF THE UTERINE SCAR
Macroscopic aspects

The macroscopic characteristics of the scar from a previ-
ous cesarean delivery are commonly observed during sur-
gery but can also be seen in hysteroctomized uteruses in 
delivery of macrosomic fetuses. The macroscopic appear-
ance of the uterine scar that can be seen during a repeated 
cesarean delivery presents some characteristics that are 
described here.

First, there can frequently be pathological adherences of 
neighboring tissues and, in particular of the posterior ves-
ical wall and of the bladder dome, that must be detached 
and moved to the bottom so as to have access to the lower 
uterine segment. Therefore, the physiological cleavage 
plane, interposed between the bladder and the lower uter-
ine segment, is frequently replaced by adherent connective 

scar tissue. It must be mobilized with instruments and 
very rarely are fingers able to lower it as during the first 
cesarean delivery.

Once the previous scar is freed from these adhesions, 
its shape varies depending on the time of the pregnancy, 
the number of previous cesarean deliveries, the quality of 

Figure 20.10 Hysteroscopy followed by resection of a polyp in the “niche” of the previous uterine scar from cesarean delivery. 
(Modified from Di Renzo GC. Trattato di ostetricia e ginecologia, Rome, Italy: Verduci Editore; 2009.)

(c) (d)

(a) (b)

Figure 20.11 (a–d) Hysteroscopic view of the internal uter-
ine orifice and the defect of the anterior wall of the uterus cor-
responding with the scar from a previous cesarean delivery.
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the previous scarring, and, in particular, the extension of 
the lower uterine segment and, therefore, whether there 
was labor. Indeed if the lower uterine segment is not thin, 
the presenting part can be felt through palpation, as it is 
still thinner than a nonscarred segment.

If the segment is stretched due to labor, the uterine scar 
site can be easily identified although varying degrees of 
thickness are present. When the scar is particularly thin, 
the presenting part (hair of the fetus in cephalic presenta-
tion), as well as amniotic fluid and flakes of vernix caseosa 
are visible.

In some cases there are small areas of less resistance 
from which the still intact membranes protrude. These 
“gaps” are defined by Anglo-Saxon authors as “windows,” 
areas in which the myometrium or the fibrous connective 
tissue are absent. These correspond with a silent rupture 
of the uterus.

In particular, Fukuda et  al. [19] in a 1988 study com-
pared prenatal ultrasound findings with intraoperative 
findings classifying uterine scar thinness in three grades:

• Grade I: no thinning of the lower uterine segment
• Grade II: thinning and loss of continuity of the lower 

uterine segment but fetal hair not visible
• Grade III: thinning of the lower uterine segment and 

fetal hair visible

The thinness of scar tissue requires a delicate opening 
of the lower uterine segment in order to prevent instru-
mental iatrogenic injuries of fetus and an excessive lateral 
extension of edges of the hysterotomy which, due to the 
scar, can tear more easily.

In case of significant dehiscence, an imbibition of the 
hysterotomic edges can be observed; it is a type of tissue 
edema causing difficulty in recognizing the underlying 
surgical spaces, particularly for the bladder (so making  
difficult the bladder detachment from the uterus). After 
the fetus is extracted, the lower edge of the hysterotomy 
appears particularly thin compared with the consider-
able thickness of the upper edge, due to the extension of 
the lower uterine segment. Therefore, different depths 
between upper and lower edges, require a suture thread 
small enough to not tear the thin lower edge, but strong 
enough for the thickness of the upper edge.

In fact, the lower edge is often very thin and tears eas-
ily, when the suture thread passes through it or after the 
thread is tied. Therefore, sometimes a double suture is 
required to reinforce the hysterorrhaphy, often including 
the visceral peritoneum in favor of an increased thickness.

On the other hand, during a repeated cesarean delivery, 
some authors suggest an incision above the scar to prevent 
complications related to the different depths of lower and 
upper edges. The anatomopathological assessment of the 
uterine scar can show different alterations.

In a study of Morris, he evaluated 51 specimens of hys-
terectomy of women with history of one or more cesar-
ean deliveries, revealing pathological findings in the area 
of the scar, responsible in part of those clinical symptoms 
that leaded to hysterectomy. His results showed distortion 

and widening of the lower uterine segment in 75% of cases, 
congestion of endometrium in 61% of cases, polyps located 
in the scar recess in 16% of cases, foci of adenomyosis, cap-
illary dilation, and lymphocytic infiltration. Some of these 
findings, especially distortion of lower uterine segment, 
polyps, and congestion of endometrium, are the main 
causes of menorrhagia, dysmenorrhea, lower abdominal 
pain, and dyspareunia that lead to hysterectomy.

In another study, Monteagudo et  al. [26] examined 
uterine scar areas of 44 patients who underwent cesarean 
delivery, using sonohysterography, founding that 36% of 
patients examined had myomas while 18% had associated 
polyps outside of the uterine scar.

Microscopic aspects

The microscopic aspects of the uterine scar after cesarean 
delivery were observed on both uteruses of pregnant and 
nonpregnant women.

The histological specimen obtained from the gravid 
uterus comes largely from biopsies performed on the lower 
uterine segment and, less often, from hysterectomies after 
complicated cesarean deliveries or complications that 
occurred during the puerperium. Histological findings of 
the uterine scar vary in relation to the quality of the heal-
ing process.

The most common characteristics found in scars of a 
cesarean delivery are the following: young collagen con-
nective tissue, partially acellular in the subserosa, the 
cleavage plane with the myometrium is occupied by hem-
orrhagic extravasations and microhematomas are found 
between myometrium and the scar tissue. Collagen fiber 
bundles are mainly directed in the longitudinal direction 
and, therefore, are on axis with the uterus.

There is an abundance of intercellular substance which, 
due to the edema, in isolated cases results in pseudomyx-
omatous lesions. The architecture of some scars is instead 
significantly altered. In particular a rigid and inelastic 
structure is caused by the fusion of muscle fiber bun-
dles and subsequent replacement with connective tissue 
which, at times, is young and rich in fibroblasts, while in 
other cases, is composed from acellular adult connective 
tissue.

In some cases these aspects are associated with a large 
reduction of scar thickness, so that one can observe the 
parietal decidua and the atrophic and very thin myo-
metrium covered by edematous and highly vascularized 
visceral peritoneum. Some histopathological conditions 
show micronodular lesions within the superficial layers. 
These findings are single or multiple and are related to 
either granulomas, resulting from residual suture material 
(as foreign body) or surgical outcomes, such as, for exam-
ple, homogeneous sclera-hyaline areas, chaotically inter-
twined, that are associated with a poor lymphohistiocytic 
inflammatory component with microcalcifications.

In the context of these images we also observe papil-
lary proliferation in the visceral peritoneum, as a result of 
a reaction to the surgical trauma that originates “papillary 
mesothelial hyperplasia.”
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It is also possible to observe histopathological images 
on the lower uterine segment that can be attributed to 
changes induced by pregnancy; these conditions can be 
represented as images that show a striking abundance of 
intercellular matrix, local fibrinoid necrosis, with prob-
able hypoxic pathogenesis, groups of myocytes, and of the 
wall of small vessels. We can also see in this context hyper-
plasia–hypertrophy of vascular endothelium simulating 
pseudoglandular images of adenomyosis. Furthermore, 
the last described finding is the Arias–Stella reaction, with 
ectopic location on cervical glands displaced higher in the 
thickness of the cervical isthmus musculature.

Morris reports, in a study of 54 cases of hysterectomy 
and previous cesarean deliveries [1], a moderate lympho-
cytic infiltration of the scar in 95% of cases, capillary 
dilatation in 65%, free red blood cells in the stoma scar 
(suggesting hemorrhage) in 59% of cases, fragmentation 
and detachment of the endometrium from the scar in 37%, 
and adenomyosis limited to the scar in 28%.

Morris reported that the pathologic changes developed 
as a result of the postcesarean delivery uterine scar, which 
are responsible, especially for endometrial hyperplasia, 
polyps, fibrous and inflammatory infiltration, and of sev-
eral clinical symptoms such as menometrorrhagia, dys-
menorrhoea, and dyspareunia, so much so that this author 
in another article talks about “Ceasarean scar syndrome” 
[58].

The scar of a cesarean delivery can be seen from a mor-
phological point of view as the result of a healing process 
of reparative fibrosis. This type of scar affects the epithe-
lial lining (mesothelium) as well as the mesenchymal tis-
sue (smooth muscular tissue of the myometrium), and 
may own some morphological peculiarities that have been 
previously described and whose histological aspects are 
shown in Figures 20.12 through 20.17.

Unfortunately, even today, although there are indica-
tions for a “good” or “not good” postcesarean delivery 
scar, there are no clear parameters that can tell us when 
the scar is an indication for a safe VBACS.

Figure 20.12 The scar is composed of hyaline hypocellular 
fibrous connective tissue.

Figure 20.13 Hyperplasic mesothelium in uterine scar 
with visceral peritoneum closure.

Figure 20.14 Peritoneum coated with normal mesothe-
lium uterine scar without visceral peritoneum suture.

Figure 20.15 The mesothelium that covers the perito-
neum shows reactive nuclear “atypias” (see arrow).
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Interesting data come from electron microscopy studies 
(Figures 20.18 and 20.19) that identify the following elements 
as the main features of a postcesarean delivery scar tissue:

• Increase of vessel pericytes
• Increase in the thickness of the basal membranes of the 

vessels
• Increase of heavy proteoglycans, instead of light ones

These are not findings of a specific disease, but charac-
terize aged tissue, of less strength, and clearly not suitable 
for a VBAC labor.

CONCLUSIONS
The increased rate of cesarean deliveries worldwide has 
increased scientific interest in the postcesarean delivery 
uterine scar and its related problems and complications.

Many studies have been conducted about the ultra-
sound assessment of puerperal uterine scar [59,60] as well 
as sometime after the cesarean delivery [61].

One aspect studied by several authors is the benefit of 
not suturing the visceral peritoneum, as a hematoma may 
form (“bladder flap hematoma”) in the surgical pocket 
in the VUS (vesicouterine space) [62]. In the majority of 
cases these hematomas spontaneously disappear, but other 
times laparoscopic surgery [63,64] is required.

Malvasi et al. [65,66] demonstrated with optical and elec-
tron microscopy that the detachment of the vesicouterine 

Figure 20.16 The smooth muscular tissue of the myome-
trium is hyperplastic and contains intracytoplasmic eosinophilic 
hyaline globules (see arrows); these images are reminiscent of 
the “inclusion body” reported in digital fibromatosis.

Figure 20.17 Presence of foreign body (arrows), presum-
ably suture stitches surrounded by inflammation, in the con-
text of the scar.

Figure 20.18 Electron microscope scanning shows a cross 
section of a normal capillary vessel in the lower uterine segment.

R

E

BM

P

Figure 20.19 Image of a capillary vessel of a uterine scar 
from a cesarean delivery in the lower uterine segment. Many 
pericytes (P), thick basal membranes (BM), endothelial cells of 
increased thickness that restrict the capillary lumen (E), and 
red blood cells (R) are visible.
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fold and the suture of the visceral peritoneum determine 
an inflammatory process. This alters the healing process 
of the uterine scar and lowers the quality of the scar itself.

The same authors have shown that the detachment 
and suture of the visceral peritoneum, especially in cases 
of complete dilation, alters the local neurotransmitters, 
thereby modifying the physiology of the uterine scar tis-
sue [67,68].

The unsutured visceral peritoneum has been deter-
mined to not cause more adhesions than the sutured one 
[69]. This has also been confirmed with experimental 
studies [70].

The postcesarean delivery scar can cause symptoms 
requiring hysteroscopic surgery [71].

There is a growing amount of literature describing ecto-
pic pregnancies in the scar [72], in which the treatment 
is becoming increasingly conservative so as to preserve 
future fertility [73,74].
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21Vaginal birth after cesarean delivery
ANTONIO MALVASI, GIAN CARLO DI RENZO, and LAURA DI FABRIZIO

INTRODUCTION
In 1916 Craigin expressed the following axiom in a work 
eloquently titled “Conservatism in Obstetrics”: “once a 
cesarean, always a cesarean.” This was a warning to his 
colleagues of the danger of abusing cesarean deliveries, as 
once the surgical approach was adopted, repeat cesarean 
deliveries would became a necessity in later pregnancies 
(risk of uterine rupture at the time was 5%) [1].

For this reason in the United States, before 1950, vaginal 
birth after cesarean was rare, although it was more com-
monly practiced in Europe.

In 1980 the National Institute of Child Health and 
Human Development conference attributed 25%–30% of 
increases in cesarean deliveries to repeat cesarean deliver-
ies (about one-third of the total).

On a global level previous cesarean deliveries repre-
sent, respectively, approximately 6% of overall deliveries 
(Figure 21.1) and 30%–40% of indications to a cesarean 
delivery, and is the main indication for a repeat cesarean 
delivery (Figure 21.2) [2–4].

In order to reverse the current increase in cesarean 
deliveries, it would seem appropriate, first of all, to modify 
one’s approach to a woman who had a previous cesarean 
delivery, because this subset of patients represents a sig-
nificant portion.

The growing interest surrounding this debated topic 
has resulted in guidelines from major scientific organi-
zations. These help the physician decide which therapies 
should be implemented. In 1985 the American College of 
Obstetricians and Gynecologists (ACOG) was the first sci-
entific organization to publish guidelines that supported 
the “trial of labor” after cesarean, or vaginal birth after 
cesarean (VBAC), with the goal of reducing the overall 
rate of cesarean births.

WHY CHOOSE VAGINAL BIRTH AFTER CESAREAN 
(VBAC)?
Feasibility of the trial of labor derives from the observa-
tion of the high probability of success, which would sig-
nificantly reduce the overall rate of cesarean deliveries.

VBAC has a 60%–80% probability of success [5–12]. It 
is essential to carefully evaluate the individual risks before 
opting for the trial of labor. It is also important that proper 
counseling be provided to each patient eligible for VBAC. 
Even though there seems to be less risk associated with 
VBAC compared to repeat cesarean delivery [7–14] ran-
domized clinical trials support this.

It must, however, be noted that there are greater risks, in 
terms of maternal and fetal outcome (uterine rupture, hys-
terectomy, intraoperative complications), in case of failure 

of the trial of labor, at double the percentage than in elec-
tive cesarean deliveries [3,15].

It is also important to not underestimate the fact that 
a repeat cesarean birth affects the obstetric future of the 
patient, in that it subjects the patient to the risk of short- 
and long-term complications.

The comparison between vaginal birth and first cesar-
ean shows significant advantages to the former. Similarly, 
the comparison between VBAC and repeat cesarean shows 
that VBAC is definitively advantageous, especially for the 
subset of patients who are able to successfully deliver. See 
Table 21.1.

CONDITIONS ASSOCIATED WITH A LOWER 
PROBABILITY OF VBAC SUCCESS
Two previous cesarean births on the lower uterine seg-
ment, previous infection in the postoperative course of 
the previous cesarean delivery, dystocia as an indication 
for the first cesarean delivery, suspected macrosomia, and 
polyhydramnios [6] are conditions associated with a lower 
probability of VBAC success.

CONDITIONS ASSOCIATED WITH A HIGHER 
PROBABILITY OF VBAC SUCCESS
Previous vaginal birth, young age of the patient, previous 
cesarean birth for nonrepetitive indication (nonreassuring 
cardiotocography [CTG]) (Figure 21.3), breech presenta-
tion, and a previous vaginal birth (Figure 21.4) are condi-
tions associated with a higher probability of VBAC success.

“MANAGEMENT” OF THE PATIENT WITH PREVIOUS 
CESAREAN DELIVERY
Counseling

Informing the patient is an essential part of the treatment 
procedure and includes a thorough anamnesis of the pre-
vious obstetric procedures. It has been theorized, and in 
some respects demonstrated, that the percentage of suc-
cess and of risks can be correlated to the patient’s clinical 
history.

The patient with a previous cesarean delivery must be 
adequately informed on how to prepare for a trial of labor, 
on the risks and benefits of the procedure, and of repeat 
cesarean deliveries, as well as on the assistance and the 
monitoring that take place during labor.

It has been demonstrated that attending a birth prepa-
ration class contributes to increasing the percentage of 
success. Last, the decision must be made by the patient, 
together with the doctors treating the patient, while taking 
into account the individual risk factors.
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Maternal–fetal surveillance during labor

It is mandatory, during the active phase of labor, to con-
tinuously monitor (electronically) the basic fetal heart 
rate, even during the expulsive period as an alternative to 
intermittent auscultation between contractions. The goal 
of the continuous monitoring is to identify, early on, the 

clinical signs of uterine rupture, cardiotocograph anoma-
lies, and the reduction and sudden halt of uterine contrac-
tions (Figure 21.5).

The clinical symptoms of uterine rupture that accom-
pany cardiotocograph alterations are anomalous blood loss 
from the external genitalia or from the urinary tract, rising 
of the level of the presenting part, and state of shock. Pain 
localized in the surgical wound area is not pathognomonic 
to uterine rupture, whereas visceral uterine pain, located 
deeper than the surgical wound area, and which does not 
subside between contractions, is a cause for concern.

The Kristeller maneuver must always be prohibited, but 
the obstetric ventouse can be used to accelerate or facili-
tate the expulsive period (Figure 21.6).

Adequately trained staff that knows how to confront 
emergency situations and is readily available must be pres-
ent. An emergency cesarean delivery needs to be completed 
in a very short amount of time—D-D (decision–delivery) 
time not over 30 minutes.

Figure 21.3  Previous cesarean delivery for nonreassuring 
CTG is an indication for VBACS—previous cesarean delivery for 
breech presentation.

Figure 21.4  A previous spontaneous birth is a condition 
associated with higher probability of VBACS success. There 
should be no dystocia. (In the illustration the fetal head is 
being forced out in the occiput posterior position.)
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Figure 21.2  Percentage of total indications (TOT. IND.) 
compared to the percentage of repeat cesarean deliveries as 
an indication to cesarean delivery (R-CS IND.) which on aver-
age is 35%.
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Figure 21.1 Percentage of repeat cesarean deliveries 
(R-CS) (6%) compared to the total amount of births.

Table 21.1  Indications to VBAC

Indications • Previous cesarean birth 
with low transverse incision

• Presence of expert medical 
personnel and appropriate 
hospital facilities (level II or 
III center)

Absolute contraindications • Presence of longitudinal/
transfundal/T-shaped 
uterine incision

• Previous dehiscence or 
uterine rupture

Relative contraindications • Twin pregnancy
• Two previous cesarean 

deliveries
• Breech presentation
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Checking the structural integrity of the previous sur-
gical scar after delivery, through digital examination, 
should not be performed. It has been proven, in fact, that 
it may cause a rupture or diastasis of any asymptomatic 
dehiscence present [16] (Figure 21.7).

In case of anomalous bleeding, or of signs of hypovo-
lemia after delivery, pathologies of the placental stage or 

uterine rupture, for which the laparotomy is diagnostic, 
must be excluded.

ANALGESIA DURING LABOR
VBAC is not a contraindication to epidural anesthesia and 
may encourage patients to choose the trial of labor [17,18]. 
There do not appear to be differences in patients who 
undergo epidural analgesia compared to those patients who 
were not subjected to it. Analgesia does not seem to hide the 
clinical signs of rupture of the uterus [6,19] (Figure 21.8).

Figure 21.5  VBACS requires continuous cardiotocographic monitoring, even during the expulsive period of the second stage of 
labor in order to detect, from early on, rupture of the uterus. (The illustration shows variable fetal heart decelerations.)

Figure 21.6  The obstetric ventouse can facilitate the 
expulsive period of the fetal head; the Kristeller maneuver is 
prohibited.

Figure 21.7  Digital intrauterine palpation of the previous 
scar is not recommended after VBACS, as there is the possibil-
ity of causing iatrogenic wounds or of worsening any present 
dehiscence.
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USE OF OXYTOCIN AND OF PROSTAGLANDINS
Administering oxytocin to induce or accelerate labor is a 
relatively safe option. There is no scientific evidence that 
supports an increased risk of maternal or fetal complica-
tions, even though its use is associated with a lower rate 
of vaginal birth success, especially when correlated with 
induction (68% versus 80%) (Figure 21.9).

Similarly, the use of prostaglandins seems to be associ-
ated with a lower probability of success, but the data in the 
literature are not sufficient (Figure 21.10).

Data from case-control and prospective studies, rela-
tive to the induction of labor in patients with a previ-
ous cesarean delivery, supported the efficacy and safety 
of prostaglandins up to 2001 [20–22], the year in which 
a retrospective study on 20,000 patients was published. 
The study showed a risk of uterine rupture five times 
greater in the group of patients who underwent induc-
tion with prostaglandins compared to the group of 
patients in which labor arose spontaneously (24/1000 
versus 5/1000) [23].

This publication led major scientific organizations to 
review the management of women with a previous cesar-
ean delivery during labor induction with prostaglandins. 
The ACOG in 2002, in an update of the VBAC proce-
dure, advised against administering prostaglandins [24]. 
However, the limited amount of scientific data that back 
the dangers of induction with prostaglandins in trial of 
labor candidates, has led some scientific organizations, 
such as SIGO (Società Italiana di Ostetricia e Ginecologia) 
and the RCOG (Royal College of Obstetricians and 
Gynaecologists) to not completely ban this induction 
method. Instead, they recommend its use as an alternative 
to oxytocin (Figure 21.11) in favorable clinical situations 
and in informed and knowledgeable patients [25].

RISKS AND COMPLICATIONS
The most dramatic consequence of failure of vaginal 
birth, after a previous cesarean delivery, is uterine rupture 
occurring during labor. The uterine rupture is defined as 
the opening of the previous hysterotomy scar, which leads 
to dramatic maternal and fetal consequences, if measures 
are not immediately taken (Figure 21.12).

It is a symptomatic event, separate from wound dehis-
cence that is asymptomatic and, usually, without negative 

Figure 21.8 Analgesia during labor, if administered with a 
low dosage, is not a contraindication to VBACS—that is, it does 
not hide the pain of rupture of the uterus. –0.4 –0.3 –0.2 –0.1
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Figure 21.9 (a) Vaginal birth (VBAC): Comparison of pros-
taglandin E2 versus oxytocin; outcome of cesarean delivery. 
Difference with 95% CL. (b) Vaginal birth (VBAC): Comparison 
of prostaglandin E2 versus oxytocin; outcome of serious 
 maternal morbidity or death. Difference with 95% CL. (Data 
derived from Jozwiak M. Dodd JM, The Cochrane Library, Issue 
3, 1–22, 2013.)
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Figure 21.10 Vaginal birth (VBAC): comparison of prosta-
glandin E2 versus oxytocin; outcome of instrumental vaginal 
delivery. Difference with 95% CL. (Data derived from Jozwiak 
M, Dodd JM, The Cochrane Library, Issue 3, 1–22, 2013.)
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consequences, which occurs during a repeat cesarean 
delivery performed due to other indications (Figures 21.13 
through 21.15).

Existing studies in the literature do not allow an esti-
mate of the frequency of the more serious maternal/fetal 
complications based on strong evidence. In fact, the data 
that have been used are not from randomized and con-
trolled prospective studies, which are difficult to achieve 
given the relative scarcity of the more serious events (one 
every 1000/10,000 births), but instead from retrospective 
population studies or from cohort studies.

The difficulty in interpreting the data is also due to the 
different definitions and classifications used in describ-
ing obstetric interventions and maternal and fetal com-
plications. Asymptomatic uterine rupture, also defined 
as dehiscence, is defined as the accidental finding of 
asymptomatic separation of the previous surgical scar 
(Figure 21.15).

Figure 21.11 The induction of labor in VBACS with oxyto-
cin can be performed in select cases. The use of prostaglandins 
is instead more problematic, as its effects on the uterine scar 
can lead to rupture of the uterus.

Figure 21.12 An anatomical model of rupture of the uterus 
at the 33rd week of amenorrhea, in a patient with three previ-
ous cesarean deliveries and placenta accreta, which caused 
hemorrhage during labor, death of the fetus, and cesarean 
delivery hysterectomy for the patient.

(a)

(b)

Figure 21.13 (a) Dehiscence of previous uterine scar dur-
ing a repeat cesarean delivery, which silently ruptures after 
the removal of the membranes, due to the discontinuity of the 
uterine wall shown with the index fingers and a Moynihan for-
ceps. (b) Photograph.
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There is no significant difference in the rate of asymp-
tomatic uterine rupture between the trial of labor and 
elective cesarean delivery (Figure 21.16). In terms of the 
rate of symptomatic uterine rupture during trial of labor 
in women with previous cesarean delivery, it varies from 
0 to 7.8 per 1000 trials of labor (overall rate of 3.16/1000).

Comparing the outcomes of pregnant women sub-
jected to the trial of labor with those of women with elec-
tive cesarean deliveries brings to light an additional risk 
of 2.7/1000 (Figure 21.17). Comparison studies of differ-
ent labor induction methods with spontaneous labor in 
patients with previous cesarean deliveries shows a slight 

nonsignificant increase in risk (Figure 21.18). The use of 
oxytocin does not seem to increase the risk of this compli-
cation (Figure 21.19). Although there are no highly accu-
rate or precise studies on the use of prostaglandins, some 
retrospective studies suggest a concrete association with 
an increased risk of uterine rupture (Figure 21.20).

With regard to the rate of hysterectomies resulting from 
symptomatic uterine ruptures, an analysis of the litera-
ture shows that 3.4 out of 10,000 women who choose the 
trial of labor, will have a uterine rupture that will require 
a hysterectomy.

Perinatal mortality as a result of uterine rupture shows 
an additional rate of 1.4 out of 10,000 trials of labor. The 
results of the Scottish Morbidity Record and Stillbirth and 
Neonatal Death Enquiry show a perinatal mortality rate 
that is 10 times greater in women who choose the trial of 
labor, than in those women who underwent an elective 
cesarean delivery; though the absolute number of events 
remains acceptable (12.9 out of 10,000) and with serious 
reservations on the methods of collecting and analyzing the 
published data, which reduces the statistical significance.

PREDICTIVE FACTORS OF SUCCESS AND OF 
RISK IN VBAC
The primary goal of the obstetrician, faced with a patient 
with a previous cesarean delivery, is to identify the risk fac-
tors predictive of uterine rupture and of failure of the trial of 
labor, in order to minimize negative events and to correctly 
guide the patient to a safe and tranquil labor process. The 
predictive factors of uterine rupture identified in a more or 
less controversial and debated manner are the following: 
previous vertical surgical scar and high number of previ-
ous hysterotomies, period of time from the previous cesar-
ean birth (according to some authors a period under 14–18 
months is at greater risk), fever complication in the course 
of the previous cesarean birth, use of prostaglandins and of 
oxytocin, suspected fetal macrosomia, no previous vaginal 
birth, maternal age, gestational period [27–29], indication 
to previous cesarean birth (favorable for previous indica-
tion of breech presentation and nonreassuring CTG, unfa-
vorable for previous indication of dystocia).

Figure 21.14 Uterine dehiscence at the level of the previ-
ous uterine scar from cesarean delivery, with only the amnio-
chorial membranes and the prolapsed cord.

Figure 21.15 Ultrasound can reveal postpartum uterine 
rupture after VBACS with endoperitoneal effusion.
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Figure 21.16  Asymptomatic uterine rupture: trial of labor 
versus elective repeat cesarean delivery.
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The use of various predictive factors, in the form of a 
score, has not yielded satisfactory results (see [5]).

The risks and benefits of VBAC compared with a repeat 
cesarean delivery are uncertain. The decision, therefore, 
on how to carry out a delivery after a previous cesarean 
delivery should consider the following:

• Maternal preferences and priorities
• A general evaluation of the risks and benefits of the 

cesarean delivery

• The risk of uterine rupture
• The risk of perinatal mortality and morbidity

Pregnant women with previous cesarean delivery who 
would like to give birth vaginally should be supported in 
their decision. They should be informed that

• Uterine rupture is a very rare complication; however, 
that is more likely in patients who undergo VBAC 
(35/10,000 women versus 12/10,000 women who 
undergo elective repeat cesarean delivery).

• The risk of perinatal mortality is low for women who 
undergo VBAC (circa 10/10,000) but is higher than in 
women who undergo elective repeat cesarean delivery 
(circa 1/10,000).

• The effect of VBAC or of elective repeat cesarean deliv-
ery on infantile cerebral palsy is uncertain.

Women with previous cesarean delivery should be 
guaranteed:

• That the fetus should be monitored during labor
• Assistance during labor from a center provided with 

blood transfusion; a center that can guarantee an imme-
diate cesarean delivery

Women with a previous cesarean delivery can be pro-
vided with induction to labor, but both the patients as well 
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Figure 21.17 Symptomatic uterine rupture: trial of labor versus elective repeat cesarean delivery. Risk difference, 95% CL.
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Figure 21.18  Induction and risk of uterine rupture. Risk 
difference, 95% CL.
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Figure 21.20  Uterine rupture: induction with prostaglan-
dins versus spontaneous labor. Difference with 95% CL.
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as the medical staff must be aware that the likelihood of 
uterine rupture increases by

• 80 per 10,000 if labor is induced with nonprostaglandin 
drugs

• 240 per 10,000 if labor is induced with prostaglandin 
drugs

During labor induction, in women with a previous 
cesarean delivery, the fetus must be electronically moni-
tored. There must be immediate access to the previous 
cesarean delivery in case of complications, as these women 
are at an increased risk of uterine rupture.

Women who have had a previous cesarean delivery as 
well as a vaginal birth should be informed that they have 
a better probability of success with vaginal birth than 
women with a previous cesarean delivery and no vaginal 
birth [29].

CONCLUSIONS
All the guidelines indicate that neither elective repeat 
cesarean delivery nor the trial of labor are without risks.

In particular, the benefits in case of success of the trial 
of labor, in terms of maternal and perinatal mortality and 
morbidity, are greater than for a cesarean delivery. In fact 
in this clinical circumstance, the outcomes of the two 
options can be compared.

A cesarean delivery is burdened with greater respiratory 
morbidity (RR 6.8) compared to vaginal birth, whereas 
vaginal birth has a greater risk of urinary incontinence 
and utero-vaginal prolapse (RR 0.6).

There are no significant statistical differences between 
the two methods of delivery in terms of fecal incontinence, 
back pain, postpartum depression syndrome, dyspareu-
nia, neonatal mortality, intracranial hemorrhage, brachial 
plexus damage, and cerebral palsy.

In trying to determine the additional risks for those 
women who opt for the trial of labor instead of a repeat 
cesarean delivery, it can be deduced that elective surgery 
cannot completely eliminate the risk of uterine rupture or 
of maternal–fetal complications.

To prevent one symptomatic uterine rupture due to the 
trial of labor, 370 cesarean deliveries would need to be per-
formed; 70,142 cesarean deliveries to prevent a perinatal 
death related to uterine rupture; 2941 cesarean deliveries 
to prevent a hysterectomy due to uterine rupture [30]; if, 
in theory, 7142 elective cesarean deliveries could be per-
formed, there would be a maternal mortality of 0.8 out of 
10,000 [31].

In order to avoid a single severe perinatal outcome 
(hypoxic–ischemic encephalopathy or perinatal death) 
due to the trial of labor, 588 cesarean deliveries would 
need to be carried out [32]. If all the data are analyzed it 
can be reasonably deduced that an elective cesarean birth 
would seem to be associated with only slightly better peri-
natal outcomes than with the trial of labor.

Note that the absolute numbers of risk cases are small, 
and this, therefore, leaves room for those who consider 
vaginal birth a valid option for women with a previous 

cesarean delivery. Vaginal birth after cesarean delivery is 
acceptable and comparable with elective surgical interven-
tion in terms of complications.

The subset of patients that is most burdened with com-
plications consists of patients who have unsuccessfully 
faced the trial of labor.

Generally, and not only in the medical profession, 
uncertainty in the outcome leads to decisions that follow 
rules that are not always easy to explain and that should 
belong to the realm of ethics and policy decision making. 
In certain circumstances, for example, individuals behave 
as though the risk threshold was unrealistically near zero. 
In other situations, patients are willing to accept the risks 
of elective surgical procedures with potentially cata-
strophic consequences, even though valid alternatives are 
available.

With regard to the decision-making process that leads 
the patient or the health-care professional to accept the 
risks of vaginal birth after cesarean delivery, or of a repeat 
cesarean delivery, it can be said, citing Michael F. Greene 
of the Massachusetts General Hospital in Boston, that 
“Risk, like beauty, is in the eye of the beholder” [32].
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22Forensic aspects of cesarean delivery
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… After this first cut, see the body of the 
rectus muscle and cut that as well until 
reaching the peritoneum; once it is open 
you can see the matrix, which must also be 
cut, but slightly, so as to not harm the baby. 
The cut however must start at the top and 
must be pulled transversally to avoid cut-
ting the testicles, the epididymis and the 
sperm vessels …

(La Commare o Raccoglitrice, Chapter XVIII, Second 
Book. Scipion Mercurii, 1601)

INTRODUCTION
The incidence of cesarean deliveries (CDs) has been 
steadily increasing in all countries around the world, 
including the least developed ones, with percentages much 
higher than the ideal 15% proposed by the WHO (World 
Health Organization).

Italy has gone from about 10% of CDs in the early 1980s, 
to 35.7% in 2002, with a decisive increase in estimates, 
making it one of the countries with the highest percentage 
of CDs in Europe and in the world: regional differences are 
significant with percentages ranging from a minimum of 
21% in Friuli-Venezia Giulia, to 43% reported in Puglia, up 
to 56% in Campania [1].

The use of CD is, in general, directly proportional to the 
maternal age and to parity, with greater frequency in the 
primiparae.

The high frequency of CD is normally attributed to the 
increased number of complications related to advanced 
maternal age and to clinical indications such as repeat 
CD, multiple pregnancies, and pregnancies due to assisted 
reproductive techniques.

Other social, cultural, and economic factors have 
determined an increase in demand for CD from women, 
even beyond actual therapeutic needs, as well as a defen-
sive attitude of the obstetrician, “threatened” by possible 
severe medical–legal implications, especially frequent in 
this profession.

It is not a coincidence that one of the main goals of 
the 2002–2004 national health plan is decreasing the fre-
quency of CD, reducing the substantial regional differ-
ences that currently exist, and reaching within a three year 
period a national value of 20% in line with the average of 
other European countries.

In this same spirit of a declared “war on CD,” some 
regions, such as Lazio, have even resorted to using eco-
nomic incentives in order to promote the so-called natural 
childbirth.

In light of the excessive use of CDs facing such heavy 
condemnation from public opinion and media, we will 
now evaluate the main medical–legal implications associ-
ated with an issue that is so current and controversial.

CD AND “DEFENSIVE MEDICINE”
The term “defensive medicine” is the tendency of persons 
with medical liability to abuse the use of procedures or 
examinations in order to protect themselves from negli-
gent behavior.

Obstetricians seem to be those most prone to this defen-
sive attitude, most likely due to the large number of law-
suits in which they are involved.

The specter of legal disputes and court sentences severely 
influences traditional obstetric practices. In fact, every 
time a negative event occurs in a spontaneous or operative 
vaginal delivery, the failure to use CD as an unavoidable 
preventive measure is invoked.

These judiciary accusations continue to exist, though 
no correlation has been shown between an increased inci-
dence of CD and a reduction in neonatal neurological dis-
orders [2], or a reduction in the incidence of fetal trauma 
in case of macrosomia [3].

CD has played a significant role in defensive medicine 
for years and has, at times, been a defense against the risks 
of vaginal delivery, even if at the expense of the patient’s 
health. The patient in fact undergoes surgery for situations 
in which there may have been no real need.

There is no doubt that physicians convicted for damages 
to pregnant women or to unborn children for failing to per-
form a CD which, if performed, would have solved “every 
situation,” are numerous and constantly increasing [4].

One survey in Puglia on the role of defensive medi-
cine in the choice of CD has shown there to be a greater 
predisposition of primary physicians with more years 
of experience, to accept the maternal choice of CD, with 
no apparent medical indications. In addition, a different 
degree of perception of the legal pressure by the physicians 
can be related to the increased number of CDs performed 
in each hospital [5].

CD AND COMPLICATIONS
The CD is the most frequent surgery in the obstetric field, 
and considerable efforts have been made to improve the 
surgical techniques, in order to reduce the duration of the 
intervention, possible complications, and related costs.

New procedures have in fact been proposed, such as the 
one in the Misgav Ladach General Hospital in Jerusalem, 
Israel, better known as the cesarean delivery “according 
to Stark.” This reduces the surgical steps to those strictly 
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necessary, with the indubitable advantage of rapid fetal 
extraction and of shortening the total duration of the 
intervention. The reduced surgical steps must always, 
however, be weighed against possible complications [6].

A greater risk of complications during a CD is associ-
ated with the following factors: high execution speed, 
operator inexperience, gestational period of less than 
32 weeks, interventions performed in an emergency situa-
tion, premature rupture of the membranes, and very high 
(or very low) level of the presenting part [7].

There are different types of surgical difficulties during 
a CD, which are mainly tied to the opening of the perito-
neal cavity in case of strong adhesions, to problems related 
to the limited exposure of the lower uterine segment, and 
associated with a stop in the progression of the presenting 
part, especially for abnormal presentations, and to prema-
ture rupture of the membranes.

Some phases of the surgical intervention are still con-
troversial, such as the closure of the parietal and visceral 
peritoneum, the externalization of the uterus, manual or 
spontaneous afterbirth or with traction on the umbilical 
cord, the placing of the subfascial drainage, the suturing 
of the uterine breach in a single or double layer, and the 
suturing of the subcutaneous tissue [8].

We hope in this regard that there will be better 
answers at the conclusion of the randomized clinical 
trial “Caesarean Study” currently underway in Europe, 
coordinated at Oxford by the “National Perinatal 
Epidemiology” unit, with the participation in Italy of the 
University of Bari and Foggia. The trial is evaluating the 
three following surgical alternatives: single- or double-
layer closure of the uterus, closure or nonclosure of the 
pelvic peritoneum, and restrictive or liberal use of sub-
fascial drainage.

Another frequently discussed aspect in legal disputes 
is the amount of time between the decision to perform 
a CD and its implementation. The American Congress 
of Obstetricians and Gynecologists (ACOG) suggests, in 
this regard, a guideline based on 30 minutes; the expect-
ant mother should be informed, in a clear and exhaustive 
manner, of the risks of surgery and of the possible obstet-
ric and gynecological complications.

Accidental extension of the uterine breach

This occurs more frequently in case of repeat cesarean 
delivery due to the thinness of the lower uterine segment 
and when the fetus extraction maneuvers are excessively 
difficult (e.g., when the fetal presenting part is deeply 
engaged). In these cases, after the fetus has been extracted, 
there may be a tear in the central part of the lower edge 
of the uterine breach (below the bladder), the integrity of 
which should be carefully checked. After the edges of the 
tear have been precisely located, these must be sutured 
from the bottom up with a double layer, before closing the 
hysterotomy breach (Figure 22.1).

Compared to elective CD in which, generally, the lower 
uterine segment is thick, the uterine incision during 
CD in labor is performed on a thin and stretched lower 

segment: the degree of these modifications obviously 
depends on the duration of labor and on the descent of 
the presenting part. The procedure is simpler technically, 
but requires the utmost attention when performing the 
incision to avoid sinking the scalpel in the underlying 
fetal tissues, especially with ruptured membranes. Due 
to the thinness of the lower edge and the frequent tears 
(which may also be caused by the needle), the suture of 
the hysterotomy must be performed with care and preci-
sion (Figure 22.2) [6].

Tear of the uterine vessels

The places in which a branch of the uterine artery may 
more commonly tear are the corners of the uterine breach, 
which may also have been enlarged by the fetus extrac-
tion maneuvers. In these cases one must pay special atten-
tion to hemostasis, taking care to start closing the uterine 
breach from a very lateral position so as to include the 
damaged vessels (Figures 22.3 and 22.4). If the tear affects 
a large vessel, the two severed branches must be ligated 
separately. This can be facilitated by the extraction of the 
uterus from the laparotomy breach, if this maneuver was 
not previously performed.

Figure 22.1 Tear of the lower uterine segment, downward 
to the cervix, during a cesarean delivery; the margins of the 
tear were extended with two Allis clamps before proceeding 
with the suture without involving adjacent structures. These 
tears are more frequent when the fetal extraction is performed 
at full dilatation with the head located at the pelvic cavity.
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The failure to completely or partially ligate the torn ves-
sel results in a hematoma of the broad ligament that may 
extend into the retro peritoneum up to the perirenal space. 
In such cases it may be necessary to ligate the ipsilateral 
hypogastric artery or, in extreme cases, to resort to a hys-
terectomy (Figure 22.5).

When the CD is performed before the 32nd week, it is 
often difficult to have sufficient space to perform a trans-
verse cut at the level of the lower uterine segment. For this 
reason many authors recommend a low longitudinal inci-
sion or a traditional incision on the body, in order to avoid 
risks of lateral uterine tears and excessive trauma to the 
premature fetus (Figure 22.6) [6].

HEMORRHAGE
The average loss of blood during a CD is about 0.7–1.01 L 
and is generally underestimated, especially when there is a 
large amount. The risk factors associated with an increased 
blood loss are prolonged labor, emergency CD at stage II of 
labor, placenta previa, placenta accreta (Figure 22.7), cho-
rioamnionitis, prepartum hemorrhage, previous postpar-
tum hemorrhage, preterm CD, preeclampsia, uterine atony, 
general anesthesia, and obesity [9].

The recommended precautionary measures that should 
be taken in case of placenta previa are the presence in the 
operating room of an expert obstetrician and anesthetist 
and blood supply in the operating room (Figure 22.8).

In all these cases there is a particular need for an 
informed consent detailing the possible complica-
tions, as well as the risk of other interventions, such as a 
hysterectomy.

The most common cause of hemorrhage is uter-
ine atony, which should be controlled in a systematic 
manner by following standardized protocols, such as 
oxytocic infusion, uterine massage, intramyometrial 
injection of prostaglandin F2α, thorough search for 
injuries to the uterine vessels, hemostatic suture of the 
placental bed, ligation of the internal iliac artery (Figure 
22.9), and even, in extreme cases, hysterectomy. The 
problem of bleeding is, on the whole, easily contained, 
and only 1%–2% of CDs require transfusions; it must, 
however, be noted that most cases that require a blood 
transfusion are not a result of the surgical interven-
tion per se, but of abnormal insertions of the placenta, 
of detachments of the placenta, and of various types of 
coagulation disorders [8,9].

POSTCESAREAN HYSTERECTOMY
In cases of severe postpartum hemorrhage, a hysterectomy 
may be necessary to save the life of the patient.

The most common causes of bleeding that bring about 
an indication to the intervention are uterine atony unre-
sponsive to medical therapy, placental abnormalities 
including placenta previa and accreta, especially when 
associated with repeat CD, and hemorrhage secondary to 
the incision of the lower uterine segment, to laceration of 
prominent uterine vessels, to massive myomas, to severe 
cervical dysplasia, and to carcinoma in situ [10].

In addition, the complications associated with hyster-
ectomy increase significantly when the operation is per-
formed in emergency conditions. These complications 
include blood loss, duration of the intervention, as well as 
percentage of blood transfusions and infective problems.

Postpartum hysterectomy is performed in approxi-
mately 0.5%–0.8% of cases, with a relative risk that is 
greater in CD compared to vaginal delivery [11,12]. The 
intervention may be limited to a supracervical hysterec-
tomy (subtotal) or extended to a total hysterectomy, which 
requires a greater mobilization of the bladder. Both tech-
niques present the risks associated with increased uterine 
blood flow during pregnancy, but with the advantage that 
the tissue planes can be more easily detached.

The spectrum of indications for postcesarean hysterec-
tomy has changed: in fact, atonies have been reduced thanks 
to the wide use of oxytocics and prostaglandins, while com-
plications from placental anomalies have increased. During 
these emergency hysterectomies there is often considerable 
blood loss, resulting in blood transfusions and frequent 
damage to the bladder and urethras [11].

LESIONS OF THE BLADDER
Surgical damage to the urinary tract and to the gastroin-
testinal apparatus is rare in the course of a CD. In any case, 
early diagnosis and proper treatment are essential in pre-
venting future morbidity (Figure 22.10).

Figure 22.2 Dehiscence of a particularly thin hysterotomy 
scar; the disruption is highlighted with a Faure clamp (bottom) 
and digitally (top).
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The reported incidence of bladder injury (Figure 22.11) 
during CD varies from 0.0016% to 0.94% [13]. The risk of 
bladder injuries is greater in cases of CD performed in 
emergency conditions, repeat CD, previous abdominal 
surgery, prolonged labor, and in case of incisions according 
to Pfannenstiel (compared to longitudinal laparotomies).

However, bladder lesions may occur more frequently 
during the opening of the parietal peritoneum in the 
course of a laparotomy. This is especially true in case of 
dislocation at the top of the bladder due to adhesions 
resulting from previous cesarean deliveries, or other inter-
ventions, including, most frequently, previous myomecto-
mies (Figure 22.12).

To prevent this complication it is appropriate to cut the 
peritoneum, when opening, as high as possible and then 
to detach the bladder lateromedially: for this reason trans-
verse laparotomies, especially low ones, represent a predis-
posing condition if the abdominal wall is not detached at 
the top before entering the peritoneal cavity.

Another condition that can favor the onset of damage to 
the bladder is the scarring between the latter and the lower 
uterine segment, again, as a result of previous surgery. In 
these cases the bladder, generally, is damaged during the 
maneuvers required to isolate it from the lower uterine 

segment (prior to its incision), or during the extraction 
of the fetus, or during surgical detachment maneuvers of 
the bladder wall from the lower edge of the hysterotomy 
before suturing the breach [14].

In order to promptly recognize an injury to the bladder, 
it may be best to instill methylene blue into the bladder 
before the cesarean delivery. The site of the lesion is a fac-
tor that can affect the success of the suture. Disruptions 
in the bladder dome, in fact, can be easily repaired, while 
those of the base have a longer healing time due to insuf-
ficient vascularization of the area.

Sometimes it is also necessary to perform a ligation of 
the prevesical vessels in the course of a cesarean to avoid 
the formation of subfascial hematomas (Figure 22.13). It 
may also be necessary to perform, in the course of repeat 
cesarean or in prior laparotomies, a safety maneuver in 
which the lower wall of the Retzius space is cut in order to 
safeguard the bladder dome (Figure 22.14).

A simple cystotomy can be sutured in two layers with 
absorbable suture threads, size 2-0 or 3-0, in which the 
first layer includes the mucosa and the second layer the 
submucosa and muscle. After surgery, the catheterism 
should be maintained for 7–10 days to allow the healing of 
tissues and avoid overextension [6].
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Figure 22.3 Parts of the puerperal genital tract that may be affected by tears that cause bleeding. (a) Tear of the anterior wall of the 
uterine body. (b) Tear of the posterior cervical wall. (c) Dehiscence of previous hysterotomy scar. (d) Tear of the esocervix. (e) Tear of the 
posterior vaginal wall. (f ) Para urethral tear. (g) “Outbreak of the vagina.” (h) Tear of the anterior wall. (i) Tear of the recto-vaginal septum.
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URETHRAL LESION
Urethral lesions are rare, with an incidence that varies 
from 0.02% to 0.05% [15].

These lesions are generally linked to the maneuver that 
attempts to stop bleeding from the uterine incision cor-
ner, in direction of the broad ligament. According to some 
authors, the dextrorotation of the uterus and the relative 
anterior position of the left urethra, would expose it to 
more frequent surgical damage (Figure 22.15). Damage, 
when promptly repaired, is associated with a lower mor-
bidity, thus avoiding the need for a second surgery. Lesions 
caused by ureter compression usually do not involve the 
devitalization of tissue and can be reversed. In these cases, 
however, urinary functionality should be checked and a 
urinary drainage should be left in the peritoneum.

An evaluation by the urologist may help indicate the 
position of a urethral catheter. More severe lesions with 
redelivery of the distal segment of the ureter may require 
a neocysto-ureterostomy intervention. Several urethral 
lesions, stenosis, bendings, and occlusions are diagnosed 
only after delivery.

Any complicated CD in which sutures have affected the 
parameters, might lead to urethral damage. A renal and 
pelvic ultrasound check should be performed prior to dis-
charge, or if any sign of urinary obstruction is shown. It 
would be a good idea in all these cases to isolate the ure-
thra, in the course of a CD, from the iliac bifurcation to 
the entry in the bladder (Figure 22.16) [15–18].

GASTROINTESTINAL LESIONS
The incidence of intestinal injury in the course of CD, in 
the large case studies reported by Nielson and Hokegard in 
1984, is 0.08% [20].

The risk for inflammatory intestinal disease is higher 
in women with previous abdominal surgery. The intes-
tine may adhere to the previous scar or to the uterus in 
the case of previous myomectomy, suture of a previous 
perforation of the uterus, and CD. An intestinal lesion 
generally occurs upon opening the abdominal cavity or 
during adhesiolysis between uterus and intestinal loops, 
or when extending the incision to the adherent intestine 
(Figure 22.17).

To avoid causing intestinal lesions, the peritoneal cavity 
should always be opened with utmost caution. Perform a 
vertical incision and a careful and meticulous adhesioly-
sis, especially in those women who have already under-
gone abdominal surgery [14].

When a lesion of the small intestine is detected before 
the extraction of the fetus, place a sign of recognition on 
the loop in question, which will then be covered with a 
damp cloth. The repair should be performed after closure 
of the uterine breach. Surgical management is based on 

Figure 22.4 Extension of the hysterotomy toward the right 
corner during a cesarean delivery; the suturing of the uterine 
breach tear must be carried out after stretching the edge of 
the corner (the tear can be “undermined”), and by tying over 
the apex of the lesion.

Figure 22.5 Ligation of the uterine vessels of the tubaric 
corner in case of tear of the breach; the hemostatic suture 
should be placed at the origin of the tubaric corner, and its 
effectiveness must be verified.
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the size, number, and location of the lesions and on the 
vascularization of the loop in question.

Small lesions of the serosa do not require repair, whereas 
larger defects are to be sutured using absorbable 2-0 sutures 
or nonabsorbable 3-0 sutures, in a direction perpendicular 
to the axis of the loop. If it is a full-thickness lesion, the 
suture can be performed in a single or double layer.

A single-layer closure with knots inside the intesti-
nal lumen increases the blood flow and the width of the 
intestinal lumen and decreases phlogosis compared with 
a double-layer closure. If the injury affects more than half 
of the intestinal circumference, vascularization is com-
promised or, in case of multiple lesions, the concerned 
delivery must be redelivered and a termino-terminal anas-
tomosis must be performed.

You should always rely on the collaboration of a general 
surgeon and remember to always make a careful count of 
the surgical pads employed in the abdomen, so as to not 
accidentally leave the pads inside (Figure 22.18).

Systemic antibiotics are usually not necessary. Early 
fluid intake is instead recommended.

It is essential to suture the lesions of the large intestine, 
regardless of fecal contamination; colostomy is no longer 
generally considered necessary [6,14,20,21].

NEUROLOGICAL LESIONS
The incidence of maternal neurological complications at 
childbirth is estimated to be, from the data in the literature, 

approximately 0.04%–0.03% [22,23]. It is difficult to dis-
tinguish peripheral neurologic abnormalities attributable 
to causes inherent in the birth itself from those due to sur-
gery (or only to anesthesiology).

Birth is, in fact, accompanied by the risk of neuro-
logical complications that vary in type and severity. The 
fetal head, during its progression in the birth canal, can 
compress the nerve structures in the small pelvis (lum-
bosacral plexus) or the nourishing spinal arteries (spinal 
branch of the internal iliac artery), particularly in the 
case of maternal–fetal disproportion, prolonged labor, 
or when forceps are applied (Figure 22.19). This causes 
postpartum sensory–motor alterations in the lower 
limbs (Figure 22.20) and/or bladder disorders of varying 
duration.

A certain number of neuropathies are also caused by 
incorrect and prolonged positions of the parturient in the 
periparturient period (Figure 22.21), by nerve damage that 
arises from the use of retractors during CD or inadequate 
stretching of the abdominal wall (Figure 22.22), by dural 
or epidural hematomas under regional anesthesia, and by 
neurological pathologies, either known or unknown, and 
which are exacerbated by the pregnancy (multiple sclero-
sis, diabetes, spinal vascular malformations, etc.).

The progression of the fetus in the birth canal may, 
therefore, determine the compression of the lumbosacral 

Figure 22.6 T incision of the lower uterine segment during 
a cesarean delivery on a preterm fetus of 32 weeks, in which 
the left hand of the surgeon protects the underlying fetal parts 
to avoid iatrogenic injuries.

Figure 22.7 Frontal delivery of the uterus at 34 weeks of 
amenorrhea with the fetus in breech presentation and cen-
tral placenta previa increta; in this case the pregnant woman 
must be transferred to a third-level center, as serious puerperal 
bleeding complications may arise.
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trunk, which descends in front of the sacroiliac joint. 
Although it is well protected by the promontory of the 
sacrum, it can be compressed in particular situations, 
such as fetal macrosomia or in the presence of a flat pelvis 
(platypelloid), and mainly involving the fibers originating 
from S1 (Figure 22.23).

This compression will clinically determine a skin and 
muscle deficit in the area of the external sciatic popliteal 
nerve (numbness of the external part of the leg and dorsi-
flexion deficit of the foot), lasting between 1 and 12 weeks.

The prolonged gynecological position of the legs on the 
brackets can cause a stretching of the femoral cutaneous 
nerve, in the point where it passes behind the inguinal lig-
ament, with symptomatological repercussions in the form 
of paresthesia of the lateral wall of the thigh.

An incorrect lithotomic position with excessive external 
rotation of the hips can instead cause a sprain of the sciatic 
nerve, thus possibly resulting in paralysis of the muscles 
of the leg and of the posterior thigh compartment and 
hypoesthesia of the lateral half of the calf and foot [24]. 
In the lithotomic position, the excessive compression of 
the popliteal fossa by the metal brackets may damage the 
posterior tibiae nerve and result in a subsequent deficit in 
plantar flexion of the foot and anesthesia of the foot sole. 
The femoral and obturator nerves are, on the contrary, 

more easily damaged during a CD than during vaginal 
delivery [25,26].

It is good practice for the expectant mother to frequently 
change position during labor and to avoid maintaining the 
lithotomy position for long periods of time. This is espe-
cially true if the mother undergoes epidural anesthesia, 
due to the lower reactivity.

Obviously, in the case of CD during labor and neuropa-
thy, it is difficult to clearly distinguish possible surgical 
causes from those relative to the preceding fetal engage-
ment in the birth canal tied to an incorrect position 
(Figure 22.24).

Neuropathies associated with the use of epidural anes-
thesia generally involve a single spinal or peripheral nerve 
in the lumbar or sacral plexus, and occur with a frequency 
of 0.04%. These are generally caused by a trauma result-
ing from the epidural catheter or needle on the sensory 
nerve ending, with a frequency correlated to the type of 
catheter and the design of the needle tip. In 20%–40% of 
cases, transient paresthesias in the area of distribution 
of the affected nerve are present; in a small number of 
cases the paresthesias persist in the postpartum period for 
more than 24–72 hours.

Considering that delivery has an inherent risk of neu-
rological complications of varying degree, and that 

Figure 22.8 Intrauterine wadding pressed into the uterine atony during a cesarean delivery is one of the first instrumental 
means to cope with the loss of blood.
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epidural anesthesia carries an extrinsic risk of neurologi-
cal sequelae, in order to distinguish obstetric causes from 
anesthesiological ones, it is extremely important to per-
form an early neurological evaluation in order to have a 
rapid diagnosis and therapeutic treatment.

It would, therefore, be useful to have a thorough medi-
cal history, physical examination, and imaging studies 
(computed tomography [CT], magnetic resonance imag-
ing [MRI], etc.). In the case of peripheral neuropathy it is 
important to perform an electromyography of the lower 
limbs and paraspinal muscles, as it can determine whether 
the lesion lies within the spinal canal or is distal to the 
intervertebral foramina (Figure 22.25) [24–26].

HEMATOMAS
A postpartum complication, whether the delivery is car-
ried out vaginally or by laparotomy, is the accumulation of 
blood with subsequent deposits. Hematomas, depending 
on when they are formed and deposited, may appear as 
simple fluid accumulations, corpuscular, or dense or com-
plex, due to the presence of clots and septa.

More rarely, the deposits are intraperitoneal, in which 
case their differential diagnosis as physiological fluid lay-
ers, as in the case of intrapartum rupture of previously 

undiagnosed and voluminous ovarian cystomas, can be 
particularly laborious; the echogenicity and inhomogene-
ity of the deposit can help to define its hematic or purulent 
nature.

Extraperitoneal hematomas are the most frequent, 
following a CD, and can be localized in the subfascial, 
subcutaneous, pararectal, paravaginal, paravesical areas 
and at the Retzius level. A hematoma of the Retzius can 
be detected by transvaginal ultrasound and with semi-
stretched bladder, whereas in a transabdominal ultra-
sound it is obscured by the pubis.

A uterine–bladder fold hematoma is significant only 
when it exceeds 2 cm, while the presence of hyperechoic 
spots indicates an infection. The hematoma can extend 
into the broad ligament laterally, grow posteriorly in the 
retroperitoneal space (Figure 22.26), and behave as a deep 
pelvic hematoma.

To diagnose these accumulations it is preferable to 
perform a transvaginal or transperitoneal ultrasound; 
the bladder should not be completely empty, so that the 
anatomical planes can be highlighted [27]. The suture 
material used for the uterine breach appears in an ultra-
sound as hyperechoic spots. The subfascial hematoma can 
instead best be seen with high-frequency transabdominal 

a

b

c
d

e

p

g

f q

o

n

m
l

i
h

Figure 22.9 Ligation of the right hypogastric artery during postcesarean uterine atony in an attempt to avoid a postce sarean 
hysterectomy: (a) external iliac artery; (b) external iliac vein; (c) hypogastric artery, a suture thread is passed below (circumference) 
while another has already been affixed upstream; (d) hypogastric vein; (e) connective tissue; (h) common iliac artery; (i) common iliac 
vein; (l) medial edge of the incised pelvic peritoneum; (m) posterior branch of the hypogastric artery; (n) medium branch; (o) anterior 
branch; (p) uterus; (q) ureter.
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ultrasound (5–7.5 MHz); it can spread cranially over and 
under the rectus muscles or below in the retropubic or 
Retzius space.

Blood can sometimes reach the subcutis and emerge 
from the wound, as the transverse fascia is permeable, or 
it can spread into the abdominal cavity with ultrasound 
evidence of hemoperitoneum, especially when parietal 
peritonization has not been performed (Figure 22.27).

In the diagnosis of a subfascial hematoma the rectus 
muscle is a useful landmark for both the ultrasound and 
the CD [27]. The incidence of subfascial hematomas, as a 
complication of CD, varies in different studies from 1% to 
3%. One survey, conducted in the obstetric clinics of the 
University of Bari, showed that this complication increases 
when CD is performed in hypertensive women, especially 
obese, and when the CD is performed in emergency condi-
tions. On the contrary, the positioning of the drainage, the 
experience of the operator, and the type of incision do not 
constitute risk factors [28].

Last, subcutaneous hematomas occur more frequently 
in case of transverse laparotomies and intradermal or con-
tinuous sutures, which prevent spontaneous drainage of 
the wound.

RETENTION OF FOREIGN BODIES
Postoperative retention of surgical material (“gossypi-
boma”) is among the less-frequent complications of a 

cesarean delivery and is especially significant in terms of its 
clinical and medicolegal consequences. Its actual incidence 
in obstetric surgery is not known, and in fact it is pres-
ent in the literature only as case reports. Large case stud-
ies, however, report an incidence of about 0.5% in general 
abdominal surgery [29,30], with a risk nine times higher in 
emergency interventions. In approximately 70% of cases, 
the foreign body is gauze (Figure 22.18), while a surgical 
instrument, or part of it, is less frequent (30%) [29].

In addition, the nonspecific symptoms and the often 
unclear image diagnosis can make a correct diagnosis dif-
ficult to achieve [31]. Techniques such as ultrasound, radi-
ography, MRI, or CT (including three-dimensional) may, at 
times, indicate the possible presence of a foreign body [32–
34], especially in the absence of vascularization in the sus-
pect formation and more or less recent abdominal surgery.

The clinical presentation of a retained “gossypiboma” 
can range from completely asymptomatic, with inciden-
tal diagnosis (x-ray, ultrasound), to an intense inflamma-
tory reaction with intestinal obstruction or perforation 
[35]. Inflammatory reaction due to the presence of a for-
eign body (migration of polymorphonuclear cells and for-
mation of a “gauzoma”) or due to compression of blood 
vessels and/or hollow organs (intestine), can also lead to 
suprainfection.

The risk of fistulation increases with the persistence of 
the inflammatory process and the failure to restore initial 

Figure 22.10 Accidental injury of the bladder dome with curved Mayo scissors, in the attempt to detach the bladder dome 
adherent to the uterine segment due to previous cesarean deliveries. One can see the significant difference between the thickness 
of the upper edge of the hysterotomy and the thinness of the lower edge that is “fused” with the bladder dome.
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conditions [36]. About 70% of foreign bodies cause symp-
toms that require surgical removal of the foreign body by 
laparotomy or laparoscopy [37]. In rare cases, complica-
tions can even lead to the death of the patient [29].

The medicolegal outcome of this surgical incident is 
decidedly against the surgical team that performed the 
intervention, with severe consequences for the operators, 
even in the presence of extenuating circumstances (emer-
gency and respect of protocols) [38,39].

MATERNAL MORTALITY
In the Western world maternal deaths related to CD have 
become rare, and are generally associated with serious sys-
temic illnesses. The causes of maternal death by CD were, 
until a few years ago, related to anesthetic complications, 
hemorrhages, and infections.

These complications, with the improvement in anes-
thetic techniques, antibiotic prophylaxis, and the estab-
lishment of modern blood banks, have become less and 
less present and more easily resolved. On the other hand, 
thromboembolic diseases have taken a leading role and are 
now responsible for a quarter of maternal deaths from CD.

Maternal mortality occurs, generally, during emergency 
CD, while mortality in elective CD performed in epidural 
anesthesia, is below that of vaginal delivery. Currently, the 

overall incidence of maternal mortality, in women under-
going CD, is around 0.05/1000 interventions, of which 13% 
are attributable to anesthetic complications, 4%–6% to 
sequelae of infections, and 18% to thromboembolism; the 
remaining share can be attributed to preexisting diseases 
or complications of pregnancy and are independent from 
the CD event [6,8].

Maternal deaths due to anesthetic accidents have dra-
matically decreased due to the presence of anesthesi-
ologists dedicated to obstetrics, to the widespread use of 
epidural anesthesia, and to the systematic preoperative 
administration of antacids for prophylaxis of the aspira-
tion syndrome.

Pulmonary embolism is the most feared and least pre-
dictable complication. It is seven to nine times more fre-
quent in CD compared to vaginal delivery. The expected 
deaths from pulmonary embolism are 1/100,000 after 
vaginal delivery and 5/100,000 after CD [40].

HEPARIN PROPHYLAXIS
Venous thromboembolism (VTE) is the leading cause of 
maternal morbidity and mortality, both during pregnancy 
and in the postpartum period. The highest incidence of 
fatal events occurs in the first 2 weeks after delivery, 
though a substantial proportion, approximately 40%, 

Figure 22.11 Accidental injury to the bladder dome with a scalpel blade during repeat cesarean delivery with Pfannenstiel 
laparotomy.
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occurs in the puerperium period, after hospital discharge, 
between the 15th and 42nd days.

The majority of postpartum deaths due to VTE take 
place after CD, with a risk three times higher than that 
associated with spontaneous delivery [41,42]. Even though 
pulmonary thromboembolism (PTE) continues to be the 
leading cause of maternal mortality, as shown in the lat-
est report on maternal mortality conducted in the United 
Kingdom, it is clear that the percentage of postpartum 
deaths after cesarean delivery has decreased, suggesting 
that the adoption of antithrombotic guidelines has had a 
positive effect.

On the contrary, the effectiveness of prophylaxis on 
PTE in pregnancy (Figure 22.28) or after vaginal birth 
has not been clearly demonstrated [43]. Compared to non-
pregnant women of the same age, the risk of thromboem-
bolism increases about 10 times in pregnancy and 20 times 
in the puerperium.

It is known that several coagulation factors increase 
during pregnancy (V, VIII, fibrinogen, von Willebrand 
factors). There is also a reduction in protein S and an 
acquired resistance to activated protein C, in addition to 
an increase, of placental origin, in the PAI 1 and 2 fac-
tors [44]. The origin of the increase in clotting factors dur-
ing pregnancy is mainly multifactorial and, in part, still 
unknown.

Figure 22.12 Abnormal postsurgical adhesion of the uri-
nary bladder that covers almost the entire front wall of the 
uterus; this anatomic–surgical situation could be a result of 
previous myomectomies in which the suture was covered by 
the bladder. This situation favors bladder injuries in the course 
of a cesarean delivery, especially when performing a low trans-
verse laparotomy.

Figure 22.13 Ligation of prevesical vessels in the course of 
a cesarean delivery, needed to avoid the accidental formation 
of subfascial hematomas, which, when they are of a consider-
able size, require surgical draining (top left: subfascial hema-
toma viewed sonographically during puerperium).

Figure 22.14 Safety maneuver that cuts the lower wall of 
the Retzius space and protects the bladder dome in the course 
of a repeat cesarean delivery, or in prior laparotomies, in which 
the space is adherent due to previous scarring.
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Venous stasis occurs as early as the end of the first tri-
mester and reaches a peak at the 36th week. About 90% of 
DVT during pregnancy involves the lower left limb and 
is of the iliofemoral type, corresponding to the course of 
ovarian arteries that cross the internal iliac vein to the 
left. In contrast, in 55% of cases referred to nonpregnant 
women, the femoropopliteal type is prevalently involved 
[40]. Some women are at a higher risk of thromboembo-
lism during pregnancy due to additional individual risk 
factors; therefore, an appropriate estimate of the thrombo-
embolism risk would be best, ideally, before pregnancy or 
during early pregnancy.

The Royal College of Obstetricians and Gynaecologists 
(RCOG) has defined categories of thromboembolism risk 
during pregnancy, with the goal of selecting women to 
subject to antithrombotic prophylaxis (Table 22.1).

In 2004, the same English body suggested specific 
guidelines for the clinical conduct of various risk catego-
ries of pregnant women [43], summarized as follows:

Women with previous VTE. It is recommended they should 
all be screened for congenital and acquired thrombo-
philia, ideally before pregnancy; the risk of VTE during 

pregnancy further increases for these women, in case 
of confirmed thrombophilia or atypical localizations of 
previous VTE.

Thromboprophylaxis in women with previous VTE that are 
negative to thrombophilia. Prophylaxis with low molec-
ular weight heparin (LMWH) for 6 weeks after delivery 
is recommended; the usefulness of prenatal prophylaxis 
is still controversial, though it does not seem to be nec-
essary when the previous episode of thromboembolism 
can be correlated to temporary causes, such as trau-
matic ones. However, in the case of estrogen-related risk 
(pregnancy or hormonal contraceptive therapy), or in 
the case of additional risk factors, such as obesity, pro-
phylaxis seems to be beneficial.

  In addition, women with previous and recurrent 
thromboembolic episodes, or with only one episode 
associated with a family history of VTE (first-degree rel-
ative), should be subjected to prophylaxis with LMWH 
during pregnancy and for 6 weeks after delivery.

Thromboprophylaxis in women with previous VTE and 
congenital thrombophilia. Prophylaxis with LMWH 
during pregnancy and for at least 6 weeks after child-
birth is recommended; one must also consider that 

Figure 22.15 Accidental iatrogenic lesion with Mayo scissors of the left pelvic urethra following forcipressure with straight 
Foure tongs, in the course of a demolition cesarean delivery. These lesions, although rare, can occur more frequently when labor has 
resulted in complete dilation. In these circumstances, in fact, the pelvic ureter is fairly close to the uterine vessels, thereby causing 
accidental lesions.
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the increased VTE risk varies in relation to the throm-
bophilic factor; for example, the Leiden factor V, the 
prothrombin factor, a deficiency in antithrombin, or a 
combination of the above, which would require differ-
ent prophylactic doses.

Figure 22.17 Accidental iatrogenic lesion, performed with 
scalpel blade, of an intestinal ileac loop adherent to the top of 
the lower uterine segment due to previous myomectomy.

Figure 22.16 Accidental lesion of the left pelvic kidney 
with Collins forceps, in the course of a cesarean delivery, mis-
taken for a posterior subserosal uterine fibroma.

Figure 22.18 The use of laparotomy pads during a cesar-
ean delivery requires careful verification before closing the 
abdomen, due to the possibility of accidentally leaving a piece 
of gauze in the abdomen.

Figure 22.19 The application of forceps may induce alter-
ations and vascular compression of the pelvic nerve branches 
with neurological sequelae.
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Thromboprophylaxis in women with congenital thrombo-
philia and no prior VTE. In women with congenital or 
acquired thrombophilia, antenatal and postnatal throm-
botic prophylaxis is useful, in relation to the specific 
thrombophilia and the presence of other risk factors. 
The risk of thrombosis in the absence of previous VTE 
is low, but varies with the type of thrombophilic factor 
involved, increasing significantly in the case of com-
bined defects, homozygosis, or antithrombin deficiency.

Thromboprophylaxis in women with acquired throm-
bophilia (antiphospholipid antibody syndrome). 
Antiphospholipid antibody syndrome (APS) is defined 
as the presence of anticardiolipin antibodies or “lupus 
anticoagulant” at moderate/high titers, found on two 
occasions after a period of 8 weeks, in association with 
a previous history of venous or arterial thrombosis or 
an adverse outcome of pregnancy (three or more unex-
plained abortions before the 10th week of gestation, 
intrauterine fetal death after the 10th week of gestation, 
or preterm delivery (<35th week) due to severe pre-
eclampsia or endouterine fetal growth restriction). The 
risk of recurrent thrombosis during pregnancy is very 
high in these women who, therefore, are in need of pre-
natal and postnatal prophylaxis with LMWH.

  Low doses of aspirin appear to improve pregnancy 
outcomes in women with APS. In any case, the pres-
ence of antiphospholipid antibodies in the absence of 
previous negative obstetric or thrombotic outcomes, is 
not equivalent to APS, and does not necessarily require 
LMWH or aspirin at low doses.

a

b

Figure 22.20 The areas of hyperesthesia and hypoesthe-
sia of the iliac–hypogastric (a) and iliac–inguinal (b) nerve, after 
postcesarean transverse laparotomy.

Figure 22.21 Compression of several roots of the lumbosacral plexus as a result of abnormal positions, during childbirth and/
or the puerperium.
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Thromboprophylaxis in women without previous VTE or 
thrombophilia. The indication for antithrombotic pro-
phylaxis based on numerous individual risk factors 
(not including previous VTE or thrombophilia) is more 

controversial. In general, pregnant women with three or 
more persistent risk factors should be subjected to ante-
natal prophylaxis with LMWH and for at least 3–5 days 
after delivery.

Figure 22.22 Areas of postcesarean hypo-/hyperesthesia, resulting from inadequate stretching of the abdominal wall and 
damage to the nerve branches of the iliac–hypogastric and iliac–inguinal nerves and the branches of the seventh intercostal nerve.

Figure 22.23 Compression of the fetal head during dystocic labor in a platypelloid pelvis (right top and bottom), due to anterior 
asynclitism in prolonged labor (right).
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Figure 22.25 Maternal neurological lesions can result, 
albeit rarely, from the maneuvers for inducing locoregional 
anesthesia. Particularly dangerous is epidural hematoma, 
which can result from the accidental and unrecognized dam-
age of a vessel in the epidural space.

Figure 22.26 Subfascial hematoma with closed parietal 
peritoneum: transabdominal ultrasound image in sagittal 
delivery of the post-CD subfascial hematoma.

Figure 22.27 Subfascial hematoma with open parietal 
peritoneum; transabdominal ultrasound image of cross deliv-
ery of the hemoperitoneum: at left, parauterine blood collec-
tion and, at right, hemoperitoneum at the level of the hepatic 
and prerenal space.

Figure 22.24 Intrapartum ultrasound: the occiput poste-
rior position, in the second stage of labor, position is the most fre-
quent cause of malposition and malrotation in the dystocic birth 
and may cause neuralgia and/or paresthesia from compression 
of the nerve branches of the iliac–hypogastric and iliac–inguinal 
nerves, even when the birth ends with a cesarean delivery.

Figure 22.28 Prophylaxis with anticoagulants to reduce 
postcesarean puerperal thrombosis.

Table 22.1 Categories of thromboembolism risk

Low risk
• Age <35 years, negative family and personal history, 

elective cesarean delivery in uncomplicated pregnancy

Moderate risk
• Severe varicose veins, age >35 years, obesity, parity ≥4, 

concomitant infections, preeclampsia, preoperative 
immobility, concomitant pathology, emergency cesarean 
delivery

High risk
• Presence of three or more moderate risk factors, pelvic or 

major abdominal surgery, paralysis of the lower limbs, 
positive personal or family history for DVT, preeclampsia 
or thrombophilia, presence of antiphospholipid 
antibodies

Source: RCOG, from Hibbard, Handerson, Drife. Report on confidential 
enquiries into maternal deaths in the UK. 1991–93. London, UK: 
Her Majesty’s Stationery Office; 1996. With permission.
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In women over 35 a BMI (body mass index) over 30, or 
weight over 90 kg, are the most important and indepen-
dent risk factors for postpartum VTE, even after a vaginal 
delivery.

Every time antenatal antithrombotic prophylaxis is 
performed, it should be started as early as possible and 
continued up to delivery, except when specific risk factors 
disappear.

Postpartum prophylaxis should be started after delivery 
as soon as possible, except in cases of postpartum bleed-
ing or when regional analgesia has been performed, which 
requires an interval of at least 4 hours from the insertion 
or removal of the epidural catheter (6 hours when the 
removal or insertion is traumatic).

Generally, postpartum antithrombotic prophylaxis is 
continued in women at high risk for 6 weeks after giving 
birth. For low risk women 3–5 days are sufficient, though 
the data in this regard are more controversial. Oral con-
traceptive hormonal therapy should not be prescribed for 
women at risk during the first three postpartum months.

FETAL DAMAGE
Although cesarean deliveries are at times performed in 
cases of abnormal fetal presentation or suspected fetal 
macrosomia in order to avoid birth traumas, it should 
not be assumed that CD can consistently prevent such 
traumas.

Several studies report, in fact, cases of Erb’s palsy 
(Figure 22.29), skull and other long bone fractures in 
infants delivered by CD. In other cases, inadequate 
maneuvers can result in temporary and limited damage 
to the fetus (e.g., sternocleidomastoid muscle hematoma) 
(Figure 22.30) [45,46]. In some cases operator inexperi-
ence, emergency conditions, the particular fetal presenta-
tion, or lack of proper care, can cause serious damage to 
the fetus (Figure 22.31).

Apropos brachial plexus palsy, reported in the course 
of CD, some are not iatrogenic, but originate during the 
intrauterine life. This is probably due to abnormalities of 
the uterine cavity and are, therefore, caused by prolonged 

Figure 22.29 Erb’s palsy following brachial plexus injury 
in the course of cesarean delivery in an obese patient with a 
macrosomal fetus from a low Pfannenstiel laparotomy.

Figure 22.30 Hematoma of the sternocleidomastoid 
muscle of the fetus, resulting from inadequate fetal extraction 
during a cesarean delivery.

Figure 22.31 The extraction of a hyperflexed fetal head 
requires special attention by the operator, especially if the 
head is engaged in the pelvic cavity: in fact, an extraction 
maneuver that causes further hyperflexion can result, albeit 
rarely, in serious cervical vertebral and/or fetal bone marrow 
damage (image at top right).
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fetal malposition, or due to fetal decubitus of the sec-
ond stage of labor, and have little tendency for postnatal 
regression [45].

During incision of the uterus, especially when the CD 
is carried out with the presenting part deeply engaged and 
with full dilation, it is possible that the surgical instru-
ments may cause lesions, even severe ones, on the fetal 
presenting part (Figures 22.32 through 22.35). It is always 
therefore recommended to make use of the different non-
traumatic maneuvers performed through blunt disdeliv-
ery, in order to open the lower uterine segment and ensure 
the integrity of the underlying fetal parts (Figure 22.36). 
Generally, surgeons prefer to access the fetal presenting 
part in the course of CD using fingers, which allows a tac-
tile sensation of the underlying structures and is almost 
always nontraumatic.

In some cases, when the maneuvers and tractions are 
excessive, in addition to lesions on soft parts there may be 
injuries to fetal bones. In particular, these fractures can 
occur when the fetus is in a breech (Figure 22.37) or trans-
verse presentation and therefore disengagement maneu-
vers of the “barred” limb become necessary (Figure 22.38).

Infants born from CD still show transient tachypnea 
in a percentage that is 4.5% higher compared to vagi-
nal delivery. The incidence of intracranial hemorrhage 
is higher among babies delivered by vacuum extraction, 
forceps, and CD performed during labor, than in infants 
born from elective CD.

Various studies on CD and informed consent have 
shown that pregnant women are generally satisfied with 

both counseling and the decision-making process in case 
of elective CD, less so during an emergency situation or 
when the women are not involved in the choice [47–49]. 
Consent for the method of delivery is obviously more 
complex and different from consent in other medical 
areas, be it for the presence of the fetus, or for the psycho-
logical and emotional implications related to the birth 
event. In addition to consent on the method of delivery, 
risks involving anesthetic procedures in obstetrics, make 
it necessary to also mention the extremely important 
anesthesiological consent to epidural analgesia, in case 
painless childbirth is chosen, and the consent to locore-
gional anesthesia, in case operative delivery with CD is 
chosen (Figure 22.39).

In the selection of the delivery method two extreme and 
opposite situations are particularly controversial, that is to 
say, on the one hand, a refusal to CD due to fetal indica-
tions, and on the other, a request of CD in the absence of 
indications. Every pregnant woman weighs risks and ben-
efits differently, and the choices are strongly influenced by 
family, ethical and religious factors, how long-term handi-
caps are considered, the rights of the fetus, and the female 
body and its integrity.

In light of the above, evidence-based medicine, bio-
ethics, and the law should, rather than dictate individual 

Figure 22.32 Accidental fetal lesion resulting from incon-
gruous maneuvers of uterine breach extension with Mayo 
scissors.

Figure 22.33 Divarication of the uterine breach with 
Mayo scissors is to be avoided; in fact the incision of the lower 
uterine segment performed “blindly,” especially with surgical 
instruments, exposes the fetus to possible injury.
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choices, set a range of acceptable decisions that are based 
on the choice of the patient as well as other factors.

“MANDATORY” CD
In the event of a situation that poses a danger to the health 
of the woman and/or the fetus the doctor is no longer free 
to choose between vaginal delivery and cesarean delivery, 
and the therapeutic option that saves the attended becomes 
mandatory. If the doctor were to opt for a certain mode of 
delivery, vaginal delivery rather than CD, and this were 
to determine a dangerous situation resulting in damage, 

(a)

(b)

Figure 22.34 (a, b) Accidental fetal injuries from a scalpel, 
during the incision of the uterine segment, are much more 
serious from a medical–legal point of view when the lesions 
occur on the face, which causes a “scarring,” i.e., a lesion on a 
visible part of the body. Such injuries can occur when the fetal 
head is in the occipital posterior position, the uterine segment 
is thin, the membranes are ruptured, and the surgery is per-
formed in emergency conditions. For this reason, all nontrau-
matic maneuvers that allow the uterine segment to be opened 
to reach the presenting part are appropriate.

Figure 22.35 Accidental lesion of the fetal head in which 
the scalp of the fetal occiput is cut, can occur during an incision 
with scalpel blade of the lower uterine segment.

Figure 22.36 Safety maneuver performed by the opera-
tor with the index finger, after the lower uterine segment is 
incised to reach, in a nontraumatic way, the amniotic sac and 
the presenting part and to avoid accidental instrumental injury 
of the fetus.
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culpability would be apparent from the initial choice with 
all its risks [4].

In these cases, professional negligence does not amount 
to having performed the procedure incorrectly, but in 
resorting to methods other than those considered more 
suitable for the treatment of the case and that could pre-
vent dangerous situations.

This legal view, in which culpability originates from an 
erroneous initial choice that does not make use of more 
appropriate methods in order to avoid risk, as in the case 
of CD, has limited therapeutic possibilities and has cer-
tainly contributed to the increase in cases of professional 
liability of the obstetrician [4].

REFUSAL OF “MANDATORY” CD
In some cases, documented especially in the United States, 
women can refuse to undergo a CD due to fetal indica-
tion, with a number of ethical and legal consequences. 
An extensive American study shows that in cases where 
the choice of obstetric intervention has been sent back to 
the judge, following the refusal of a patient to undergo a 
CD, the indication for it was fetal distress in 47% of cases, 
previous CD in 20%, placenta previa in 13%, and in the 

remaining cases maternal–fetal isoimmunization and 
idiopathic thrombocytopenic purpura [50].

The possible moral and legal implications of clinicians 
involved in such cases are controversial:

• Can the fetal interest override the choice of the pregnant 
woman?

• Is it ethical to impose a choice?
• When does the moral obligation become a legal 

obligation?

Does the mother’s right to privacy, integrity of the body, 
and self-determination come into conflict with the right 
of the fetus to be born alive and healthy? More than a 
mother–fetus conflict of rights, it comes down to a moral 
conflict of the doctor who is treating the fetus, as well as 
the mother, as a patient [51,52].

Chervenak and McCullough argue that when a pregnant 
woman refuses a CD the doctor can, on ethical grounds, 
supersede the refusal to therapy, and that it is right to 
appeal to a court if the intervention has a high likelihood 
of reducing fetal mortality–morbidity, the fetal risk associ-
ated with the intervention is low, or the risk of maternal 
mortality–morbidity is low [53,54]. Other authors, instead, 
believe that before the fetus is newborn, maternal auton-
omy should prevail in the “maternal–fetal conflict” [53,54].

In legal terms, CD in the United States is neither explic-
itly prohibited nor allowed on fetal indication, against the 
opinion of the pregnant woman. A juridical view referring 
to the law on abortion justifies the CD for fetal interest, 
arguing that, as in the decision to perform an abortion in 
the first and second trimester, once the pregnant woman 
decides to carry out the pregnancy, she has the obligation 
to protect the fetus and to undergo, when necessary, medi-
cal treatment, while the state must ensure these legal obli-
gations [55–57].

According to another opinion, however, as there is no 
specific law that justifies the obligation to CD, the state 
cannot have unlimited authority to protect the fetus, albeit 
viable, and the woman cannot be legally forced to undergo 
a CD in order to increase the chances of fetal survival.

When maternal well-being comes into conflict with that 
of the fetus, the state must constitutionally ensure mater-
nal interests over the fetus; there is no legal obligation for a 
person to undergo invasive or risky medical interventions 
on behalf of another person; therefore, a pregnant woman 
cannot be legally compelled to undergo a CD, even in the 
interest of the fetus [58].

As part of this controversial issue, let us now see the 
main guidelines proposed by the various international sci-
entific bodies in regard to clinical management in similar 
cases of maternal refusal to CD. The general trend is to 
not accept the obligation for the pregnant woman to be 
subjected to CD against her own opinion [58].

In 1999 a Bioethics Commission of the American 
Congress of Obstetricians and Gynecologists (ACOG) [59] 
concluded that “it is justified to go to court to resolve cases 
of maternal–fetal conflict only in extraordinary circum-
stances,” listed as the following:

Figure 22.37 Accidental fracture of the right femur of the 
fetus, during fetal extraction in breech presentation (complete 
variant) in the course of a cesarean delivery.
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• High probability of serious fetal harm
• High probability that the treatment will prevent or 

reduce the fetal risk
• The absence of less invasive and equally effective alter-

natives for preventing fetal damage
• High probability that the treatment is also beneficial to 

the mother or that the maternal risk is relatively low

It is also stated that, should the clinician make use of the 
courts to overcome the will of the mother, there is the risk 
of causing psychological and physical damage to the preg-
nant woman and of diminishing the faith in the national 
health system [60].

The American Medical Association (AMA, 1990) is 
even more in support of the autonomy of maternal deci-
sion making, further restricting the cases in which court 
intervention is justified, and only in those situations in 
which the medical intervention carries insignificant risks 
for the health of the pregnant woman, such as taking a 
drug orally [61].

Last, the ethics committee of the Royal College of 
Obstetricians and Gynaecologists (RCOG, 1994) estab-
lishes in its 1994 guidelines, in line with the AMA, that 
“it is inappropriate to resort to judiciary intervention to 
overcome the rejection of an informed and conscious 

woman to undergo a proposed medical treatment, even if 
the refusal is likely to endanger her health and that of the 
fetus at risk” [62].

CESAREAN DELIVERY “ON DEMAND”
The elective “on demand” CD, outside of maternal or fetal 
therapeutic indications, is one of the most sensitive and 
controversial issues. The expressed will of the pregnant 
woman to avoid labor of childbirth and the relative pain 
by performing an “on demand” CD raises many questions, 
such as

• Is this a legitimate practice?
• Does the doctor who performs a CD at the request of 

a woman incur criminal, civil, or disciplinary action?

While in many areas of medicine this same result is 
achieved by proposing different alternatives to patients, 
some of which are riskier, the same does not happen when 
deciding how to carry out a delivery [63]. A survey done 
in 1986 shows that 92%–95% of obstetricians would not 
perform a CD in the absence of recognized indications.

One wonders why women are not provided with choices 
in the method of delivery, by informing them of the poten-
tial benefits and risks of an elective CD.

Figure 22.38 Accidental fracture of the right fetal humerus, during disengagement of the right shoulder in breech presentation 
in full-term baby in the course of a cesarean delivery.
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The percentage of CD on demand has been increasing in 
many countries. In the United Kingdom, CD on demand 
has taken on greater importance after the results of an 
anonymous questionnaire conducted in London were 
shown. The survey showed that 31% of female gynecolo-
gists prefer a CD for themselves in case of full-term preg-
nancy with fetus in cephalic presentation [64].

In 80% of cases the request for CD is motivated by fear 
of trauma to the perineal floor, with possible long-term 
consequences, such as prolapse and incontinence; in 58% 
of cases there is the fear of repercussions on sexual func-
tions; in 38% of cases there is the fear of neonatal damage; 
and, last, in 27% of cases there is the simple desire for an 
elective birth.

The results from similar surveys conducted in Italy 
are more controversial: a first study on women lawyers, 
in fact, shows that only 4% would opt for CD on request 
[64], while another survey on the opinion of gynecologists 
revealed that a majority, especially older doctors, would be 
favorable to CD on demand [5].

This issue, actually, has been the subject of many debates, 
and to date there is no clinical or epidemiological evidence 

of the benefits of CD over vaginal birth. While there is a 
growing literature documenting the adverse effects of vag-
inal delivery on the pelvic floor, such as the increased risk 
over time of incontinence and pelvic organ prolapse, there 
are no randomized trials in which the long-term mater-
nal and fetal outcomes of elective CD, of full-term fetuses 
in cephalic presentation, are compared with those relative 
to labor and vaginal delivery. Similarly, there are no cost–
benefit analyses of the two methods of delivery.

In the absence of clinical evidence on the benefits and 
safety of elective CD, and following the ethical principle 
of not causing potential damage, it would seem to be ques-
tionable to meet the CD on demand request without pre-
cise medical indication. The main reasons against CD on 
request are listed below [10,65–69].

• It is a process of excessive medicalization when in the 
presence of a normal fear of labor, with an unnecessary 
increase of the relative risk of surgical procedures.
• The data reported by the English are not representa-

tive of all women, for example, in the Netherlands only 
1.4% of female obstetricians chose elective CD [65].

• The costs are greater.
• Despite the relative safety of CD in developed coun-

tries, there is an increased maternal risk compared 
to vaginal delivery. Here 16.5% of maternal mortal-
ity from CD is attributable to elective CD. Possible 
complications involve the risk for future obstetric 
performance, such as an increased risk of placenta 
previa or accreta, the risk of uterine rupture in vagi-
nal birth after CD, the surgical risk of bladder or 
bowel injury in the event of a repeat CD, decreased 
fertility, and increased abortions.

• There is a CD medical–legal problem of the responsibil-
ity of the clinician in the event of complications, follow-
ing a CD, in the absence of a strict medical indication 
for intervention.
• Increased risk of neonatal transient tachypnea and 

respiratory distress syndrome.

The main reasons for CD on demand are

• CD on demand now seems to part of the civil and repro-
ductive rights of women, as with the right to vote, to 
contraception, to abortion. The active management of 
labor itself, the continuous monitoring of the fetal heart 
rate, and a series of diagnostic procedures make the 
woman feel as if she is losing control, which she would 
maintain with a responsible and independent choice of 
CD (and not submit passively to excessive medicaliza-
tion of childbirth) [70,71].

• There is increased risk of perineal damage after vaginal 
delivery, with possible future genital prolapse and uri-
nary incontinence problems.

• Many of the complications described in association 
with CD are not relative to elective primary cesarean 
but to old case studies that are not based on the most 
current anesthesiological, surgical, and antibiotic pro-
phylaxis techniques.

Figure 22.39 Anterior and posterior spinal arteries are 
subject to compression in the course of subdural hematoma, 
an anesthesiological complication than can occur during an 
anesthetic procedure of an obstetric intervention.
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• Costs cannot constitute a relevant factor.
• Women experience a less painful and safer childbirth.
• There is less risk, though not proven, of intrapartum 

hypoxia and birth trauma.
• There is less damage to the sexual sphere.
• There is improved planning of childbirth timing.

The problem of “on demand” CD is also tied to mater-
nal and fetal complications, which unfortunately are much 
more frequent than in vaginal birth. Various studies have 
been carried out to evaluate the effects of CD on the health 
of the newborn [72–78]. These studies have shown that, 
compared to vaginal birth, there are more disadvantages 
than advantages.

A study performed by Morrison et  al. over a period 
of 9 years on 33,289 pregnant patients, at approximately 
37 weeks of gestation, showed that the incidence of respi-
ratory morbidity was of 35.5 per 1000 live births from CD 
without labor, of 12.2 per 1000 live births from CD with 
labor, and of 5.3 for vaginal births [77].

Levine et al. have shown that the risk of post-CD pulmo-
nary hypertension increases five times compared to vaginal 
birth. According to several pathophysiological hypotheses, 
this might occur because vaginal delivery favors the release 
of catecholamine and of prostaglandins, both of which favor 
the release of pulmonary surfactant. In addition, according 
to the same authors, vaginal delivery results in the lungs 
being pressed, due to compression of the fetal trunk during 
the passage through the birth canal, with releases (includ-
ing from fetal epinephrine) of intrapulmonary fetal liquid, 
which facilitates postnatal adaptation [75].

Other risks that “on demand” CD would create for the 
baby include late neonatal neurological adaptation [78], 
possible harm to the fetus during the CD [72], and delayed 
breastfeeding [73]. One study [79], conducted in the United 
States over 4 years, from 1998 to 2001, on approximately 4 
million births, focused its attention on CD “not motivated by 
medical causes.” These interventions were performed with-
out specific medical indications, but simply at the request of 
patients or by choice of the operators. The patients selected 
for the study did not show any notable diseases or disorders 
in their medical history, and the selected pregnancies pre-
sented no complications during labor or childbirth.

This study examined neonatal mortality by period of 
death in relation to the method of delivery (vaginal deliv-
ery or CD). The results of the study showed unexpected 
negative data. First, general infant mortality (within 1 year 
of life) was found to be surprisingly low in women defined 
as “low risk” (2.14 infant deaths per 1000 live births); post-
CD infant mortality in primiparae was higher by 56% 
compared to vaginal delivery (2.85/1000 per CD versus 
1.83/1000 per vaginal delivery) and for multiparae this 
ratio was double (4.51/1000 for CD versus 2.18/1000 for 
those born by vaginal delivery).

In general, the processed data showed an infant mortal-
ity rate for CD of 1.77 deaths per 1000 live births, compared 
to 0.62 per 1000 (in vaginal deliveries), with a death rate 
that is 2.9 times greater for CD; the majority of neonatal 

deaths (within the first 28 days of life) were caused by con-
genital malformations, deformations, and chromosomal 
abnormalities (in 54% of cases), while SIDS (sudden infant 
death syndrome) occurred in only 5% of total cases.

Besides this important data the debate over “on demand” 
CD must also include other disheartening scientific data: 
an increased risk, following a CD, of maternal postpar-
tum death [80]. A study carried out to assess the potential 
risks of CD in terms of maternal mortality, has shown very 
interesting and incisive results, more than in all previous 
studies [19,81–90]. Obstetric data from the National French 
Registry were assessed over a period of 5 years (1996–
2000). The registry provided important epidemiologic 
information on postpartum maternal deaths [91]: a group 
of researchers assessed all maternal deaths tied to CD and 
compared them with a control group (vaginal births).

After a thorough statistical analysis, the results showed 
that the risk of postpartum death for CD was 3.6 times 
higher than in vaginal delivery (odds ratio [OR] of 3.64, 
95% confidence interval [CI] 2.15–6.19), while both pre-
partum CD and intrapartum CD were significantly asso-
ciated with an increased risk of maternal death, due to 
anesthesiological complications, puerperal infections, and 
venous thromboembolism (the three most significant pre- 
and postoperative complications of major surgical inter-
ventions) [80].

The conclusions of the study were that CD was associ-
ated with an increased risk of death for the mother in the 
postpartum period, much greater than in vaginal delivery. 
The risk of death from postpartum hemorrhage, however, 
was the same between CD and vaginal delivery. (This is 
surprising data, in that it is not tied to the general amount 
of blood loss in the two types of delivery.) The most signifi-
cant surgical complications were those related to the cause 
of death of the patient who underwent a CD.

Other studies on the complications of CD “on demand 
or not motivated by medical causes,” have brought to light 
other very important aspects; it was found that there is an 
increase compared to vaginal delivery of endometritis in 
the postpartum period [92,93], as well as of rehospitaliza-
tions due to infections or thromboembolic events [94,95].

The degree of safety achieved by modern anesthetic 
techniques in the course of CD has greatly improved anal-
gesia during and after CD. However, data from a French 
study [90] show an increased risk of maternal death from 
CD, due to complications of anesthesia with, in three cases 
out of four, patients dying from causes related to general 
anesthesia, while only one from spinal anesthesia.

As Marra holds, to better understand current juris-
prudence in this regard in our country, it is best to start 
from an old and well-known judgment of the Court of 
Criminal Appeal (18/03/87 n.7415, known as the Conciani 
sentence), with which a gynecologist who practiced volun-
tary sterilization was acquitted of the imputation of delib-
erate injury because the fact did not constitute a crime [4]. 
Certain statements contained in the ruling can in fact be 
used as general principles for settling the legality problem 
of voluntary CD.
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The Supreme Court stressed the difference between 
physical integrity and health (protected by article 32 of the 
Constitution much more than physical integrity) and con-
cluded that the public interest in the protection of health 
is not harmed by interventions such as sterilization which, 
on the contrary, can benefit the mental stability of the 
individual who voluntarily submits to them.

The Court added that the trend in current law autho-
rizes much more extensive interventions on physical 
integrity than those determined through voluntary ster-
ilization, quoting as examples Law 164 of 1982 on trans-
sexuals and Law 194/78 on abortion [4]. In regard to CD 
on demand, women seeking such an intervention do so 
to avoid pain, and therefore for alleviation purposes that 
cannot be refused by the law, which in fact already allows 
for a series of surgeries aimed at satisfying the needs of 
personal pleasure (cosmetic surgery, as an example).

In addition, CD on demand does not impact physical 
integrity as much as sterilization that blocks reproductive 
capacity, many times irreversibly, as it does not affect fer-
tility or the ability to complete future pregnancies, which 
are, in the worst-case scenario, at risk of having to repeat 
the CD. In this perspective, CD is not contrary to the law, 
since no specific prohibition is expressed.

It is true, however, in light of the excessive number of 
CDs practiced in our health facilities, which so often wor-
ries public opinion, that the gynecologist should never 
lead the pregnant woman to choose a CD in the absence 
of medical indications, but should properly inform and 
explain all the possible maternal and fetal complications, 
including risks for future pregnancies.

If this does not occur, the behavior of the obstetrician 
would not follow deontological standards and would, 
therefore, be liable from a “disciplinary” point of view [4].

In conclusion, CD on demand involves a conflict 
between the moral obligation of the clinician to not rou-
tinely expose the patient to increased surgical risk and 
the obligation to respect the woman’s decision-making 
autonomy.

CONCLUSIONS
The increase in medical–legal litigation in obstetrics 
that has taken place in the last few decades, prevalently 
in Western and developed countries, has resulted in an 
increase in the number of cesarean deliveries.

In Italy, and in particular in the south of the country, 
the increase in cesarean deliveries is in part motivated by 
a defensive reaction from many doctors.

On the other hand, a cesarean delivery is not without its 
risks, and can result in maternal and fetal complications.

Possible maternal complications include uterine lacera-
tions; bleeding during and after a cesarean delivery [90]; 
iatrogenic urethral and bladder injuries [91–93]; intestinal 
lesions [94]; accidental lesions of abdominal organs next to 
the gravid uterus; foreign bodies and laparotomy patches 
“forgotten” in the abdominal cavity during surgery [95–97]; 
postsurgical infections [98–100]; uterovesical and abdomi-
nal wall hematomas [101,102]; surgical–anesthesiological 

neurological lesions; lesions of a thromboembolic nature, 
with the need for thromboembolic prophylaxis; anesthe-
siological complications in the course of general or locore-
gional anesthesia, such as, for example, the risk of subdural 
hematomas, neurological disorders, or technical complica-
tions associated with the introduction of the needle in the 
spinal and epidural spaces [103,104].

On the other hand, fetal lesions in the course of CD are 
much more serious from the medical–legal point of view. In 
the collective imagination it is in fact a contradiction that 
a cesarean delivery performed to protect the well-being of 
the fetus, can produce iatrogenic injuries to the same fetus 
[105]. Fetal lesions in the course of CD [106] include dam-
age to the brachial plexus and to the sternocleidomastoid 
with paralysis [107,108], as well as damage to the cervical 
vertebrae after fetal extraction [109]. Moreover, clavicle, 
humerus, and femur fractures, as well as damage to other 
major organs [110], which can occur during particularly 
difficult fetal extractions or in abnormal presentations of 
the fetus, have also been reported.

Another particularly difficult medical aspect consists of 
cutting injuries on the fetal body during the incision, in 
particular those that occur on the face (scarring), which 
also constitute an aesthetic problem. It is, therefore, rec-
ommended to perform a series of safety maneuvers and to 
document them in case of medical–legal litigation [111]. 
These lesions occur more frequently during advanced 
labor, with rotation of the sacral occiput in a stretched 
and thinned uterine segment or, on the otherhand, in an 
unprepared uterine segment or, in the absence of amniotic 
fluid, following rupture of the membranes or oligoamnios 
[112,113].

Hypoxic fetal abnormalities have become increasingly 
important. Such abnormalities are a result of difficult intu-
bation under general anesthesia in an emergency cesarean 
delivery, or of serious maternal hypotension affecting the 
fetus under general anesthesia.

Psychiatric alterations, depending on the type of anes-
thesia, have also been reported [114].

As a result of the progressive increase in BMI in devel-
oped countries, tied to an increase in CD, the current liter-
ature describes several cases of failed intubation in obese 
pregnant women [115–118]. In obese women there is the 
additional problem of cutting and suturing the excess adi-
pose tissue and of using locoregional anesthesia [119–121].

In light of the aforementioned complications, it is essen-
tial to give the patient an appropriate indication of the 
obstetric situation and have them sign an informed con-
sent form [122,123].

Consent is another factor that should be taken into 
account in case of iterative cesarean delivery, for the risks 
that are inherent with this intervention [124,125].

There are significant medical–legal differences between 
elective and emergency intervention CD: special attention 
is paid in emergency situations to “fetal distress” and to 
the CD execution time [126–128].

Cesarean deliveries indications, which in the last few 
years have steadily increased, include  cesarean delivery on 
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demand, which must, however, be appropriately discussed 
with the patient. In the discussion the cost–benefits of vag-
inal delivery versus cesarean delivery must be compared 
[129–131].

The progressive increase in the frequency of CD has 
resulted in the need for a specific qualification of both the 
medical and the obstetric staff, which has had to expand 
and increase its obstetrical and surgical skills. In fact there 
has been an increasing medical–legal involvement of the 
medical–obstetric team, thereby including the assisting 
obstetric staff [132].

Although cesarean deliveries have now become so com-
mon that they have been critically assessed and frequently 
opposed by a part of the media and public opinion, there is 
no doubt that the ability to extract the fetus by laparotomy, 
with a minimal risk for the mother, has been one of the 
most significant steps in the transition from traditional 
obstetrics to modern maternal–fetal medicine.

It is likely that the “birth” event, with its obvious socio-
cultural and health policy implications, should be better 
distinguished from the “delivery event,” which instead 
remains an act of medical liability and, therefore, belongs 
exclusively to the medical realm.
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