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14.1	 �Introduction

At the time when endoscopy prevails as well as new tech-
niques, such as natural orifice surgery and telesurgery, the 
cesarean section (CS) might become in the future the only indi-
cated laparotomy. Therefore, it is of utmost importance to eval-
uate its methodology, which should be based on evidence.

In any surgical method, complications do happen, and 
cesarean section is no different. The most important thing in 
order to avoid unnecessary complications is the prevention. 
It means to avoid unnecessary operation, as each operation 
needs a correct indication. This chapter will deal with differ-
ent aspects of cesarean section, historical, technical, and 
physiological aspects which will bring into light not just how 
to perform but also when to perform in case of correct indi-
cation. This knowledge will prevent unnecessary complica-
tions and morbidity, both to the mother and to the newborn.

14.2	 �Historical Perspective

There is no doubt that cesarean section (CS), together with 
advances in anesthesia and access to blood transfusions and 
antibiotics, contributed to declining maternal mortality rates 
since the Second World War.

Since then, the rising percentage of CS worldwide has 
been associated with complications such as placenta accreta 
as rarely seen before [1]. The CS is now the most commonly 
performed major operation around the world and the first 
surgical procedure performed independently by residents/
trainees in obstetrics-gynecology in the Western world [2]. 
In most countries, the rise in the frequency of CS is a rela-
tively recent phenomenon. Prior to the 1980s, the rates of CS 
were generally less than 10 %, but now in most countries this 
is well above the 10–15  % ideal rates as proposed by the 
WHO in order to optimize maternal and perinatal health 
[3–5]. By contrast, in the rural areas of many developing 
countries, CS remains well below 10 %, and there is no doubt 
that if substantial reductions in maternal and perinatal mor-
tality are to be achieved, universal availability of life-saving 
interventions such as CS needs to be matched with compre-
hensive emergency care and overall improvements in the 
quality of maternal and neonatal health care [6, 7].

Until the nineteenth century, CS was a surgical procedure 
of last resort performed to save the baby’s life and nearly 
always resulting in the death of the mother due to intra- and 
postoperative hemorrhage or secondary infections [8]. It is 
only when surgeons started to suture the uterus after surgery, 
using sutures made of silver wire as described by the 
American gynecologist James Marion Sims (1813–1883), 
that maternal mortality rates following CS started to improve 
[3, 5, 6]. In the early 1880s, two German obstetricians, 
Ferdinand Adolf Kehrer (1837–1914) and Max Saenger 
(1853–1903), both independently developed a new uterine 
closure method by advocating a two-layer uterine closure 
[8]. They also advocated for the first time the use of antisep-
sis and stressed the importance of not delaying surgery.
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Significant advances in the twentieth century were marked 
by the widespread adoption of the transverse low-segment uter-
ine incision over the “classical” vertical corpus uteri approach. 
Several surgeons including Kehrer had performed the trans-
verse incision in the nineteenth century, but this only became 
widespread following strong support by John Martin Munro 
Kerr (1868–1960), who was professor of obstetrics midwifery 
at the University of Glasgow from 1927 to 1934. Fluent in 
German and French, Munro Kerr spent a number of years after 
his graduation in Germany, Austria, and Ireland studying 
obstetrics and gynecology in Berlin, Vienna, and Dublin. 
Appointed as visiting surgeon at the Glasgow Royal Maternity 
Hospital in 1900, he published to great success the book 
Operative Midwifery in 1908, popularizing the lower-segment 
CS in preference to the classical operation (Figs. 14.1 and 14.2).

The advantages of this “Kehrer-Kerr” technique were less 
hemorrhage, less infection, and a reduced risk of uterine rup-
ture during subsequent trials of vaginal delivery [9, 10]. 
These changes made the operation safer, ensuring that most 
mothers survived the surgical procedure and facilitated its 
wider use in clinical obstetric practice around the world.

Munro Kerr was also the first to combine the low trans-
verse uterine opening described by Kehrer and the suprapu-
bic transverse skin incision as described by Hermann 
Johannes Pfannenstiel (Figs. 14.1, 14.2, and 14.3).

Pfannenstiel (1862–1909) was a German gynecologist 
who, in 1900, described a transverse suprapubic incision 
method for genitourinary surgery [9] with the aim to 
decrease the risks of incisional hernia associated with the 

vertical abdominal incision. In 1921, The Journal of 
Obstetrics and Gynaecology of the British Empire pub-
lished a special issue on CS, and as we will see later, the 
transverse incision was modified and improved by Sydney 
Joel-Cohen. The manuscript entitled “The results of a 

Fig. 14.1  Diagram of a low-segment cesarean delivery based on 
Munro Kerr description (From Munro Kerr [12])

Fig. 14.2  Diagram showing the double-layer closure of the uterine 
incision based on Munro Kerr [12])

Fig. 14.3  Diagram comparing the uterus during labor [1] and 24  h after 
delivery. A Corpus uteri. B Lower segment. C Cervix (From Munro Kerr [12])
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collective investigation into caesarean sections performed 
in Great Britain and Ireland from the year 1911 to 1920 
inclusive” is of particular interest [11–13]. This historical 
audit, the first of its kind, was commissioned by the 
British Medical Association to Munro Kerr and analyzed 
by Eardley Lancelot Holland (1880–1967) from the 
London Hospital. As noted by the authors, “the analysis 
of the large material is robbed of a certain amount of 
completeness by the absence of details in many cases.” 
Nevertheless, the data analysis of 4,197 cesarean deliver-
ies indicated that the main indication was “pelvic con-
traction” (80  %). CS performed for this indication was 
associated with a 4.1 % maternal mortality mainly due to 
general peritonitis. Data on fetal and infant mortality 
were available in 3,378 cases and identified an overall 
perinatal mortality of 7.5 %.

In 1931, 1,000 deliveries in Germany were evaluated of 
which 21 (2.1 %) were delivered by CS, most of them due to 
cephalopelvic disproportion. The mortality rate was 19 % [14].

Most prominent obstetricians and gynecologists at the 
time opposed the use of the Pfannenstiel abdominal incision 
because it required more dissection and access to the uterus 
took more time than using the vertical incision. Overall, sur-
geons preferred the vertical (midline) abdominal incision 
because it also enabled a wide space when delivering the 
baby and better access to the pelvis and lower abdomen. 
Interestingly, the vertical opening of the abdomen was still 
the main technique used in the 1970s, although it was known 
from the beginning of the twentieth century to be associated 
with higher rates of long-term postoperative complications 
such as wound dehiscence and abdominal incision hernia and 
cosmetic issues compared to the transverse skin incision [8, 
10]. The midline vertical abdominal incision is still consid-
ered faster for entry into the abdomen, and a recent prospec-
tive cohort study comparing transverse and vertical skin 
incision for emergency cesarean delivery found that deliver-
ing the baby is 1 min quicker using the vertical incision but 
that the total median operative time is longer by 3–4 min [15].

Delivering the baby by the Misgav-Ladach CS, which 
will be described later, is even shorter than the longitudinal 
incision [16].

Surgeons who are not familiar with this method can still 
use the longitudinal incision in case of an emergency or in 
special circumstances. Similarly, the classical vertical uterine 
incision should only be used in rare cases of very early pre-
term birth (23–25 weeks) or the delivery of conjoined twins. 
In developing countries where visibility may not be as opti-
mized and operating time may be more of a pressing concern, 
the classical vertical incision is still commonly used [3, 6, 7].

There are now scores of possible different methodological 
variations of performing CS, if one includes the many differ-
ent ways of opening the skin, the rectus sheath, the perito-
neum, and the myometrium and of closing the uterus, the 
peritoneum, and the subcutaneous tissue [17–19]. In addition 

for the closure of the different layers, there is the possibility 
of using different suture materials in a continuous locked or 
unlocked manner, interrupted sutures, or staples. Although it 
is now an overall safe procedure, CS can be associated with 
a variety of immediate and long-term complications for both 
mother and baby. Considering the rapid increase in the num-
ber of CS worldwide, these complications have become an 
important and often unrecognized iatrogenic issue in obstet-
rics and gynecology [3]. Some of these anomalies have now 
become so common that they are reviewed in individualized 
chapters (see Chaps. 12, 14, 15, and 17).

14.3	 �The Evidence-Based CS

The method described here is the result of long years’ experi-
ence, accompanied by comparative, retrospective, and prospec-
tive studies. This technique was subject to scores of comparative 
studies, and without any exception, all showed benefits over 
different traditional methods which were compared to it.

Local traditions were and continue until today to be the 
main cause for a surgeon to adhere to one or the other of the 
described methods, definitely concerning the abdominal 
incision. It is interesting to note that the first comparative 
study, showing benefits to the transverse incision concerning 
scar dehiscence, was done only 74 years after Pfannenstiel’s 
first publication [20].

In 1972, Sydney Joel-Cohen published his book 
Abdominal and Vaginal Hysterectomy [21], in which he sug-
gested cutting the fascia above the plica arcuata. At this level 
the fascia does not adhere to the muscle and moves freely 
over it. This is probably the reason that, when this approach 
was compared to the Pfannenstiel incision, when all other 
parameters of the operation were similar, significantly lower 
febrile mobility resulted [22]. This is most likely due to lack 
of trauma to the tissues, when detaching the fascia from the 
muscle became superfluous.

As we have seen, the uterine wall continued to be opened 
longitudinally until John Martin Munro Kerr presented his 
low-segment transverse CS in September 1921, arguing that 
in this way less dehiscence would occur in the next pregnan-
cies [23]. The density of the muscular fibers in the body of 
the uterus is much more abundant than in the lower segment 
where the connective tissue prevails. Otherwise the cervix 
would not be able to open when the upper part is contracting. 
More damage is done to the muscle tissue the higher the 
uterus is cut open. The mean actomyosin content of the 
uterus is significantly greater than that of the cervix (7.54 vs. 
3.72 mg/gm) (P = 0.01) [24].

Embryologically, each Mullerian duct is surrounded by 
the urogenital ridge mesenchyme that gives rise to the fibro-
muscular wall of the uterus (endometrial stroma and myo-
metrium) and to comparable connective tissue and muscle 
layers of the oviduct, cervix, and upper vagina [25], hence 

14  Cesarean Section: The Evidence-Based Technique, Complications, and Risks

http://dx.doi.org/10.1007/978-3-319-48732-8_12
http://dx.doi.org/10.1007/978-3-319-48732-8_14
http://dx.doi.org/10.1007/978-3-319-48732-8_15
http://dx.doi.org/10.1007/978-3-319-48732-8_17


212

the difference in the histology between the body of the 
uterus and the cervix. Despite being considered as one 
organ, the cervix and the uterus have different structures and 
function. Their histology is different; the endocervix and the 
endometrium have different characters; the body of the 
uterus is covered with peritoneum, which is not the case in 
the cervix; and during labor, the uterus contracts, while the 
cervix widens and relaxes. We will see later that these differ-
ences take part in the decision in where to perform the open-
ing of the uterus.

In the years to come, the prevailing CS contained the fol-
lowing steps: opening the abdominal wall in a longitudinal 
or transverse incision, opening the peritoneum transversely 
or longitudinally, packing the abdomen with abdominal tow-
els, opening the uterus above the bladder plica, or separating 
the bladder, pushing it down, and opening the lower segment 
transversely, delivering the baby and the placenta, contract-
ing the uterus, suturing the uterus with two layers, suturing 
the visceral peritoneum when applicable, removing the 
abdominal towels and cleaning the abdomen, closing the 
parietal peritoneum, closing the fascia continuously or with 
single stitches, suturing the subcutaneous tissue, and closing 
the skin intradermally or with single stitches [26].

At the point where the scalpel touches the skin, all surgi-
cal history and culture should be present.

However, each surgical procedure is composed of many, 
sometimes hundreds, of movements, each one of them has its 
own history and rationale. Many of these steps are based on 
local traditions established by opinion leaders in their spe-
cialties and countries, and their charismatic influence pre-
vailed in following years. Every single surgical step should 
be carefully examined for its necessity and, if found so, for 
the most optimal way to perform it, as even very trivial steps 
might be significant. It is important to use an evidence-based 
CS to avoid unnecessary complications.

Therefore, many surgical methods were never subject to 
comparative studies, and in many hospitals, traditional steps 
prevail despite the existence of data showing the unnecessity 
or existing disadvantages. The same applies also to the indi-
cations for CS. The very fact that there are such large differ-
ences in the rate of CS, even in different hospitals in the same 
country or even the same city, demonstrates that there are 
still no standardized indications. It has been shown that with 
simple measurements the CS rate was reduced dramatically 
without any ill effects on the outcome of newborns [27].

14.3.1	 �The Positioning of the Parturient

Today, most CSs are performed using an epidural or spinal 
anesthesia or combination of both. After anesthesia is admin-
istered, the patient should be placed on the operation table 
with her legs closed. This will prevent tension on the fascia 
while it is being sutured. The arms of the parturient should 

not be extended outward in order to prevent neurological 
damage; this is especially the case when general anesthesia 
is used [28].

For optimal access to the lower segment of the uterus, and 
in order to avoid the use of abdominal packs, a Trendelenburg 
position should be used [29].

After the bladder is emptied with the catheter and the 
abdomen has been cleaned and covered, the planned site of 
the incision should be marked. This can be done by pinching 
or with a pencil, respecting the Langer skin lines [30]. 
Following these lines will result with an optimal scar. The 
level of the incision should be drawn in a straight line 3 cm 
below an imaginary line connecting both spinae iliacae ante-
riores superiores. The Langer lines become clear when the 
lateral aspect of the scar is pushed away from the midline. 
Therefore, marking the planned incision should be done 
while stretching the skin laterally. In case this line is not 
clearly marked before stretching the skin, there is a risk that 
the scar will not be symmetrical and wider on one of the ends.

14.3.2	 �The Positioning of the Surgeon

For ergonomical reasons the right-handed surgeon should 
stand on the right side of the parturient. When delivering the 
baby, the more sensitive right hand can easily estimate the 
needed force to extract the baby, thereby creating less risk 
for unnecessary extension of the incision of the uterus, avoid-
ing unnecessary extra bleeding. Later, when stitching the 
uterus, the tip of the needle will point away from the bladder, 
thus protecting it.

14.3.3	 �The Surgical Technique

The first incision is done along the marked Langer lines very 
superficially, cutting only through the cutis (Fig. 14.4). The 

Fig. 14.4  First incision, cutting only through the cutis
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location is 3  cm below an imaginary line which connects 
both spinae iliacae anteriores superiores.

This step usually does not require any hemostasis as there 
are no large blood vessels close to the cutis.

In the midline, where there are anatomically no signifi-
cant blood vessels, the incision is deepened transversely 
until the fascia is reached. Then a transverse incision of 
2–3  cm is made in the fascia, exposing the recti muscles 
underneath (Fig. 14.5).

Now a straight scissor with rounded tips is taken in hand.
One tip of the scissors is placed below and the other above 

the fascia, while the tips of the scissors are opened to about 
3 mm (Fig. 14.6). The scissors are pushed toward the assis-
tant, opening the fascia as much as is necessary as estimated 
by the size of the baby and then repeating this step backward 
toward the surgeon.

Following this step, the fascia is now open between the 
straight blood vessels and the muscles. The surgeon inserts 
both index fingers below the fascia and stretches its leaflets 
caudally and cranially (Fig. 14.7).

This enables the assistant to insert an index and middle 
finger below the recti muscles.

The surgeon does the same from his or her side. Now, 
both, the surgeon and the assistant, pull the muscles later-
ally, together with the fat tissue and blood vessels as 
much as needed, again depending on the size of the baby 
(Fig. 14.8).

Once in a while, more force is needed to pull the muscles 
laterally, as might happen by repeat operations with fibrosis of 
the subcutaneous tissues or by overweight women. In this case, 
four fingers (two fingers from each hand) should be used by 
both the surgeon and the assistant. The placement of the four 
fingers should not be next to each other, but one over the other.

Blood vessels have lateral sway, but do not have length 
elasticity. When both hands are pulling the opening, there is 
a natural tendency that the hands will move apart, thereby 
risking blood vessel tearing.

Abdominal packs should not be used, as their usage causes 
adhesions. The abrasive effect of introducing packs will produce 
mesothelial trauma which becomes a stimulus for inflamma-
tion, followed by adhesions to adjacent surfaces [31, 32].

Not using abdominal packs also ensures that they will not 
be forgotten inside the abdominal cavity.

Fig. 14.5  In the midline, the incision is deepened, cutting the fascia, 
exposing the muscles underneath

Fig. 14.6  Round-tipped scissors, one tip above and one tip below the 
fascia pushed laterally as far as necessary

Fig. 14.7  The fascia is pushed up and down which enables both the 
surgeon and the assistant to place their fingers below the muscles

Fig. 14.8  Both the surgeon and the assistant pulling the recti muscles 
laterally, together with the blood vessels as far as necessary

14  Cesarean Section: The Evidence-Based Technique, Complications, and Risks
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The bladder plica should be cut open using a scalpel; in 
order to expose the plica, a hand speculum should be used, 
pulling the lower part of the incision down (Fig. 14.9).

Cutting the visceral peritoneum should always be done 
from the lateral aspects of one side toward the midline and 
then from the lateral aspect of the other side toward the mid-
line, until it reaches the point where the other side was 
reached. The reason is that, if it is done the whole way in one 
direction, there is a risk of cutting into the intestines, as it is 
difficult to observe clearly the cutting edge of the scalpel. 
The plica can now be pushed down using two index fingers.

As mentioned, Munro Kerr suggested opening the uterus 
in its lower segment [33]. In the lower segment, the amount 
of the fibrous tissue is more dense than in the uterine body. 
Therefore, the lower the opening in the uterus, the less dam-
age to the myometrium occurs.

Using a scalpel in the exposed lower segment, a trans-
verse incision of about 2–3 cm is done carefully and gently. 
It is not necessary to complete the incision to the whole 
thickness of the cervix as this might cut the head or face of 
the baby which can happen if the membranes have already 
ruptured and the woman is in active labor, and therefore the 
lower segment is thin. The final internal part can be pene-
trated by pushing with one finger through the cut.

Planned CS should be ideally done after the onset of 
spontaneous contractions. The initiation of labor starts with 
the initiative of the baby [34, 35].

In predelivery CS one can find not just a thick lower seg-
ment, but also maternal breasts which are not yet ready for 
breastfeeding. There are also other good reasons to avoid 
pre-labor CS.  A recent large cohort study has found that 
prior pre-labor cesarean delivery was associated with more 
than twofold significantly increased risk of placenta previa 
in the following delivery [36]. By contrast, the 20  % 
increased risk of placenta previa associated with prior intra-
partum cesarean delivery was found to be not significant.

The optimal way to complete the opening of the lower 
segment of the uterus is to extend the initial opening by 
extension using two fingers (the thumb of the right hand of a 
right-handed surgeon pushing away and the index finger pull-
ing toward the surgeon). Doing so, the lower segment will 
open along its natural fibers, which become transverse when 
it develops, therefore causing minimal bleeding. Cutting with 
a sharp instrument, like scissors, does not respect the natural 
anatomy and results with excessive bleeding.

Delivering the baby in vertex position happens while 
inserting the right hand of the surgeon into the uterus and 
encircling the head of the baby and then directing the head 
upward, while slight fundal pressure is allowed. As the right 
hand has its sensitivity, usually no overextension of the uter-
ine opening will occur, and therefore no unnecessary bleed-
ing happens.

After clamping, drawing blood, and cutting the umbilical 
cord, the placenta should ideally be delivered spontaneously 
by assisting through mild traction of the umbilical cord, 
rather than by manual extraction [37].

Thereafter the uterus should be exteriorated, as in this 
position it is easier to suture the uterus, to contract it in order 
to avoid extra bleeding, and also to easily inspect both 
ovaries.

There are different ways to suture the lower segment. 
Many of them originate from the already mentioned local 
traditions. Some surgeons prefer to suture first the angles, 
followed by two layers of sutures, usually continuously, but 
sometimes with single stitches to the first or second layer.

The uterus quickly contracts in the first hours after sur-
gery, and after 6 weeks, the uterus returns to its size before 
the pregnancy. The quick involution results also in shrink-
age of the lower segment of the uterus. The sutures are 
unable to contract along with the uterus, and in a short time 
after the surgery, they will begin to loosen over the opening 
line. The aim of the suture is to secure hemostasis in the first 
postoperative hours. Suture material creates foreign body 
reaction, and the more of them used, the more marked and 
longer the reaction, prolonging the healing process. 
Therefore the less suture material used, the better the 
healing.

In order to close the uterine wall with the most minimal 
amount of suture material possible, it is best to use a big 
needle which will enable closure of the opening and safe 
hemostasis (Fig. 14.10).

For this reason, it is recommended to use at least an 
80 mm needle with an absorbable 1 m-long suture, PGA 
USP size 1, done continuously. The reason for using a long 
suture is that it enables placing the knot not at the most 
lateral aspect of the opening but allows one to go back one 
or two times in the direction of the midline. Knots placed at 
the end of the opening might loosen, which will cause 
bleeding.

Fig. 14.9  A hand speculum pulls the lower part of the incision to 
expose the plica

M. Stark et al.
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There is no point whatsoever for a second layer as long as 
hemostasis is achieved.

It is not surprising that the dehiscence of previous uterine 
sutured with one layer is less frequent than those with two 
layers [38], and a double-layer closure of the cesarean uter-
ine incision does not increase residual myometrium thick-
ness compared to single-layer closure [39].

As no abdominal packs are used, blood clots should be 
removed with the palm of the hand, and fluid blood will any-
how be absorbed naturally by the peritoneum in a short time, 
as has been known for many years [40].

The uterus is then repositioned into the abdomen. As 
long as the uterus is exteriorated, the mechanical tension 
might disguise active bleeding. Therefore, when the uterus 
is positioned back into the abdomen, the lower segment 
should be inspected to ensure that there is no bleeding. 
Bleeders should be treated with targeted single stitches. 
There is no justification for a second layer in case of single-
sight bleeding.

The abdomen should never be closed before checking the 
blood pressure of the woman as in low blood pressure bleed-
ing cannot be identified and might occur later when the blood 
pressure rises. As a rule, the abdomen should not be closed 
unless blood pressure is normal.

In 1980, Harold Ellis from the Westminster Hospital in 
London demonstrated that when the peritoneum is left open, 
a new one will form in short time from the coelom cells 
underlying the muscles [41].

Unlike the skin, the peritoneum cannot heal by end-to-end 
approximation. If the peritoneum is left open, a new one will 
be formed without adhesions.

Our group started leaving the peritoneum open already in 
1983. Ten years later, we could compare the rate of adhe-
sions in repeated CS in women who were operated on in the 
first CS, leaving the peritoneum open and with those in 
which both peritoneum layers were sutured. In the group 
where the peritoneum was left open, there was significantly 
less adhesions [42]. The guidelines of the Royal College 
advise leaving both peritoneal layers open during closure 

[43]. In 600 repeated operations, adhesions were found in 7 
(11.3 %, in women where the peritoneum was left open dur-
ing the previous operation) and 22 (35.5 %, in cases where 
the peritoneum was sutured) [44].

As the peritoneum is left open, just the fascia and the skin 
must be closed.

Similar to the uterus, there are many variations about how 
to close the fascia; many of them based on local traditions. 
Anatomically the fascia was opened above the plica arcuata, 
and therefore we will find two layers in this level on the lat-
eral sides which should be stitched together. In order to facil-
itate the stitching, a straight Pean is placed in order to 
laterally hold both layers, and two other Peans are placed 
three-fourths of the way toward the assistant (Fig. 14.11).

Knots cause local reaction and irritation. Therefore it is 
advised to place the lateral initial stitch underneath the fas-
cia. This is done by starting the first stitch from inside to 
outside, taking both layers together, then from outside to 
inside.

The first knot is placed below the fascia. The suturing 
now moves with the needle from inside to outside in continu-
ation through the whole layer. It is advised that the suturing 
will start at the side of the surgeon toward the assistant. If it 
is done so, the assistant will hold both of the Peans on the 
side and lift the fascia, thus guiding the surgeon. The Peans 
should be held close enough to each other in order to enable 
suturing without tension, but at the same time, open enough 
to enable the surgeon to see the underlying structure and to 

Fig. 14.10  The uterus is closed with one layer only, using a big needle

Fig. 14.11  The fascia is closed continuously and the first knot is under 
the fascia to avoid irritation to the subcutaneous tissue

14  Cesarean Section: The Evidence-Based Technique, Complications, and Risks
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avoid damage to intra-abdominal structures. Once the suture 
reaches the two lateral Peans, the assistant should remove 
them and elevate the Pean next to his or her side. In this way, 
the surgeon, holding the suture material with the left hand, is 
able to control the needed tension.

There is still no convincing evidence concerning the opti-
mal way to close the skin. Some surgeons prefer using 
intracuticular suturing which looks at first sight more aes-
thetic (Fig. 14.12).

However to use this method means subcutaneous sutures 
are needed. Any sutures and knots are reason for foreign 
body reaction, and therefore we recommend the use of single 
Donati silk sutures with a cutting skin needle, and the less 
placed sutures, the less risk for subcutaneous seromas or 
hematomas (Fig. 14.13).

The amount of the sutures has to do directly with the 
experience of the surgeon. Well-trained surgeons can achieve 
excellent results by using three stitches only, provided they 
use a big skin needle, where the lateral stitches can be 
removed after 48 h, resulting in immediate disappearance of 
local abdominal pain, and the midline suture should be 

removed after 5  days. The reason that the removal of the 
lateral stitches will immediately reduce the amount of pain is 
due to the fact that the skin will swell in reaction to the 
trauma but the sutures cannot expand with it. As a result 
there is a constant pinching feeling until the removal of the 
stitch.

Thereafter, the uterus should be contracted again manu-
ally, and the abdominal incision should be covered with a 
pad which should be replaced 3–4 h after surgery as the wide 
sutures enable blood to drain from the wound.

14.3.4	 �Postoperative Treatment

Early mobilization is the most optimal way to avoid the 
complications of vein thrombosis and therefore should be 
encouraged. CS is a significant risk factor for thromboem-
bolism [45]. Early mobilization can be enhanced by good 
postoperative pain treatment and removal of the catheter as 
early as possible. One should encourage early drinking 
which helps the self-assurance of the mother and function of 
her intestines [46].

One of the major problems concerning comparison of dif-
ferent surgical methods is the lack of standardization. 
Different surgeons, even in the same departments, are often 
using different variations. Therefore, without standardiza-
tion of the surgical method in use, it will be impossible to 
compare the outcomes and standardization is the basis for 
the ability to compare different methods and even compari-
son between different surgeons and institutions [47].

14.4	 �World Literature and Meta-analysis 
Pitfalls

Since the first publications concerning the evidence-based 
CS, retrospective and prospective studies have been done 
extensively. Comparative studies were made concerning 
febrile mobility, complications, need for painkillers, and 
cost. Without any exception, all the studies show benefits of 
the described operation over other methods in use. However, 
it is interesting to note that nearly each one of these publica-
tions finds benefits in different details, sometimes concern-
ing the febrile mobility and at other times concerning the use 
of painkillers. Obviously the reason for this is that despite 
the meticulous description of the method [48, 49], local tra-
ditions still prevail, and certain variations are used which 
influence the outcome. Therefore it is of utmost importance 
to standardize the surgical method and prospective studies, 
always to compare two methods which will be repeatedly the 
same [50]. The reason we need a large number of patients in 
prospective studies is due to the individual variations in the 
operated mothers. We try to stratify studies according to age, 

Fig. 14.12  Skin closure, intracuticular

Fig. 14.13  Skin closure, with single Donati stitches, which enables 
good drainage
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weight, number of previous operations, birth weight of the 
baby, etc. and are using sophisticated statistical methods to 
find the significant differences. The surgical steps, however, 
should not vary, and therefore it is important to define them 
and to use also the right sequence and way of performance. 
It is important to use a standardized set of instruments as dif-
ferent instruments might result in variant reaction of the tis-
sues; at the same time, it is important to use standard needles 
and suture material. The size of the needle, for example, 
which is used for suturing the uterus, will define the amount 
of foreign material left behind. Using short sutures will need 
extra ties and starting again with new suture and a new tie; 
these are causing local reaction. It is recommended to use an 
80 mm round-body needle with 1 m long suture (PGA USP 
size 1). Same for the suturing of the fascia, a 60 mm half-
circle round-body needle with a PGA USP size 1 suture and, 
for the skin, a 90 mm 3/8 circle reverse cutting needle, suture 
silk USP size 0, are recommended. This combination of 
sutures proved to be the most optimal with the least move-
ment needed and in favor of standardization; a CS surgical 
kit was produced (Fig. 14.14).

Using standardized surgical methods and a standardized 
set of surgical instruments, as well as suture material, next to 
standardized routines concerning usage of bladder catheter, 
antibiotics, painkiller routines and mobilization, and hydra-
tion routines, is the only way to enable reliable comparison 
between different surgical procedures.

14.5	 �The Future of In-Labor Non-
emergency CS

The best way to prevent CS complication is to avoid doing 
them whenever possible and, in case they have to be done in 
non-emergency situations, to find their most optimal timing. 
Even among professionals, it is still frequent to confuse elec-
tive and pre-labor CS.  It is also frequent to confuse emer-
gency and in-labor CS.  Where the responses by the fetal 

physiological reactions are concerned, it appears today that 
the main differences are between pre-labor CS and all the 
other ways of birth. Our objective is to make the concept of 
“in-labor non-emergency CS” familiar. We will emphasize 
that it is possible to plan an in-labor CS and also to decide 
and perform before the stage of emergency “in-labor CS.”

14.5.1	 �Other Reasons to Avoid In-Labor 
Emergency CS

In order to avoid unnecessary complications, it is important 
to understand that CS performed in emergency situations are 
associated with non-favorable short-term outcomes. Many 
times, such CS are performed when there are already signs of 
fetal distress, after a long period of pharmacological influ-
ence. We must also take into account that emergency CS are 
often performed in a hurry and very often are associated with 
non-favorable technical conditions. Furthermore, they are 
associated with negative long-term complications. According 
to an American study, women with a full-term second-stage 
CS have a significant increased rate of subsequent premature 
births (13.5 %) compared to a first-stage CS (2.3 %) and to 
the overall national rate (7–8 %) [51]. The same authors have 
demonstrated that a prolonged second stage of labor alone 
does not increase the risk of premature birth in following 
pregnancies. One plausible interpretation is that in case of 
CS during the second stage of labor, the location of the 
hysterotomy on the low segment is different from what it is 
otherwise [52].

This overview of the negative effects of both pre-labor and 
last-minute emergency CS suggests that the optimal kind of 
CS is the one performed during labor, before the stage of a 
real emergency. Until now, the concepts of “planned in-labor 
CS” and “in-labor non-emergency CS” have not been subject 
for epidemiological studies. In a multicentered randomized 
controlled trial about breech presentation at term, only two 
options were considered: planned pre-labor CS and planned 

Fig. 14.14  The designed CS kit
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vaginal route [53]. In the extensive Scottish retrospective 
cohort study of adverse outcomes in childhood, “planned CS 
delivery” was in fact synonymous with pre-labor CS.  It is 
noticeable that, in this cohort, children born by planned (pre-
labor) CS were more likely to develop type 1 diabetes than 
those born by “emergency” CS or by the vaginal route. The 
differences were highly significant, even after adjustment for 
potential confounders, including maternal type 1 diabetes 
[54]. This data about an autoimmune disorder indicates the 
need for further studies of the risks of dysregulations of the 
immune system in relation to “birth without labor.” There is a 
need, in particular, for a new generation of studies focusing 
on the risk factors for IgE-mediated atopic syndromes.

14.5.2	 �Toward New Obstetrical Strategies

On the day when the concept of “in-labor non-emergency 
CS” becomes familiar, the doors will be opened toward sim-
plified binary strategies, with two basic scenarios: either the 
birth process is straightforward by the vaginal route or it 
appears difficult and an in-labor CS before the stage of 
emergency is considered the best option. Before such sim-
plified strategies become realistic, the history of obstetrics 
will have to go through several steps. One of these steps will 
be via studies regarding the long-term side effects of the dif-
ferent medications used during labor. Although there are 
serious theoretical reasons to reconsider the widespread use 
of synthetic oxytocin and epidural analgesia, we have not 
been able to rely, until now, on a large amount of hard data. 
However, in this new framework, we can already mention 
valuable studies of the effects of epidural analgesia and syn-
thetic oxytocin, on the initiation and quality of breastfeed-
ing [55, 56]. We can also mention studies looking at risk 
factors for autism in the perinatal period: while they are 
based on a great diversity of research protocols in different 
countries, they all reach similar conclusions about labor 
induction and labor augmentation [57–61]. The emergence 
of this new generation of studies (collected in the database 
“www.primalhealthresearch.com”) is already offering rea-
sons to use medications during birth with renewed caution, 
particularly for labor induction and labor augmentation.

The main step toward the advent of simplified strategies 
will be an understanding of the process of parturition chal-
lenging the effects of thousands of years of tradition and cul-
tural conditioning. This is realistic in the light of modern 
physiology. From this perspective, the birth process appears 
as an involuntary process under the control of archaic brain 
structures. As a general rule, one does not try to help an 
involuntary process. The point is to identify possible inhibi-
tory factors. From a practical perspective, the key word is 
protection. Several physiological concepts clearly indicate 
the factors that can negatively interfere with the process of 

parturition. The concept of adrenaline-oxytocin antagonism 
is essential where mammals in general are concerned: mam-
mals postpone the delivery when releasing emergency hor-
mones of the adrenaline family. Although this concept is 
well established, in practice it is not always taken into 
account, as if it were not perfectly assimilated.

The evolution worked in the direction of continuation of 
generations with as little complications as possible. Many of 
the complications which happen during labor or CS are iat-
rogenic in nature. It is important to stress that each maneuver 
during childbirth or performance for CS should be well indi-
cated. It seems that the active management of labor did not 
answer expectations, even if the rate of CS was reduced [62].

14.5.3	 �The Concept of Neocortical Inhibition

When considering the case of human birth, the focus should 
be on the concept of neocortical inhibition, a key to under-
standing human nature in general. We should keep in mind 
that some human abilities are usually obscured by neocorti-
cal activity. There has been until now a lack of interest in this 
essential particularity of our species. Human parturition is 
better understood if introduced in the framework of func-
tions usually obscured by neocortical activity. A first exam-
ple is offered by olfactory abilities. An ingenious experiment 
has explored the human sense of smell after neocortical dis-
inhibition by alcohol consumption [63]. Another example is 
offered by the human swimming abilities: the capacity to 
adapt to immersion and have coordinated swimming move-
ments when submerged disappears around the age of 3 or 
4 months, when the neocortex is reaching a certain degree of 
maturity [64].

When the concept of neocortical inhibition is understood 
and taken into account, it is easy to challenge the assump-
tion that mechanical factors are the main reasons for diffi-
cult births in our species. In fact, the mechanical factors are 
undoubtedly overestimated, since there are women with no 
morphological particularities who occasionally give birth 
quickly without any difficulty. There are anecdotes of 
women who give birth before realizing that they are in real 
labor. There are in particular countless anecdotes of teenag-
ers who, at the end of a hidden or undiagnosed pregnancy, 
just go to the toilet and give birth within minutes. These 
facts alone suggest that the main reasons for difficult human 
births are not related to the shape of the body. The best way 
to clarify the nature of the specifically human handicap dur-
ing the period surrounding birth is to consider the case of 
civilized modern women who have given birth through an 
authentic “fetus ejection reflex” [65]. It is exceptionally rare 
in the context of socialized birth. The birth is suddenly pre-
ceded by a very short series of irresistible, powerful, and 
highly effective uterine contractions without any room for 
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voluntary movement. The important point is that when the 
“fetus ejection reflex” is imminent, women are obviously 
loosing neocortical control. They become indifferent to 
what is happening around them. They forget what they have 
previously learned. They forget their plans. They behave in 
a way that, in other situations, would be considered unac-
ceptable regarding a civilized woman. For example, they 
dare to scream or to swear. There are anecdotes of women 
who have bitten a person perceived as intrusive. Women in 
hard labor can find unexpected, complex, asymmetrical pos-
tures usually involving bending forward. Such scenarios 
clearly indicate the solution. Nature found to make birth 
possible in our species: reduced neocortical control. This 
essential aspect of birth physiology in our species offers an 
ideal perspective to reach the simple conclusion that a labor-
ing woman needs to be protected against all possible stimu-
lants of her neocortex. Since language is a major stimulant, 
silence appears as a basic need that is culturally ignored or 
underestimated after thousands of years of socialization of 
childbirth. In this respect, rational language and language 
expressing questions have particularly powerful effects.

Light has not been scientifically studied as a powerful 
cortical stimulant until recent advances regarding the func-
tions of melatonin, the “darkness hormone.” However, the 
long history of blinds and curtains is the confirmation of 
deep-rooted transcultural empiric knowledge that is pushing 
us, today, to switch off electric lights in order to reduce neo-
cortical activity during sleeping time. Recent studies of the 
interactions inside the triad oxytocin-melatonin-GABA offer 
a promising avenue for research. It is already understood that 
the GABA(A) receptors mediate the effects of melatonin on 
neocortical activity [66, 67]. Until now, the interactions 
between the oxytocin and the GABA systems in the perinatal 
period have been mostly studied in the framework of the shift 
of the effects of GABA at the end of fetal life, when this 
primary excitatory neurotransmitter becomes inhibitory 
[68]. When considering the effects of melatonin, and there-
fore light, on human parturition, we have to deviate from the 
concept of neocortical inhibition and refer to recent advances 
regarding peripheral effects. It is now established that there 
are melatonin receptors in the human myometrium and that 
melatonin is synergistic with oxytocin to enhance contractil-
ity of human myometrial smooth muscle cells [69–74]. 
Today melatonin appears as an important hormonal agent in 
human parturition. This is confirmed by the significant 
amount of melatonin in the blood of neonates, except those 
born by pre-labor CS.  The importance of these findings 
appears clearly when the protective antioxidative properties 
of melatonin are taken into account. In the age of electric 
lights, the reasons to improve our understanding of melato-
nin release and melatonin properties are obvious. It is already 
well established that short-wavelength light (in practice 
“blue” light) is the most melatonin suppressive. This is an 

important fact, since it is the kind of light typically emitted 
by devices such as televisions, computer screens, cellphones, 
and even lamps in conventional delivery rooms. It is proba-
ble that, when birth physiology is better understood, the 
practical implications of these recent scientific advances will 
be seriously considered. Until now preliminary practical 
implications have been limited to attempts to facilitate shift 
work and also to facilitate the initiation of sleep through the 
use of amber glasses that block blue light [75, 76]. Can we 
imagine a time when it will be considered rational to give 
birth by candle light? Can we imagine a time when women 
familiar with the use of amber glasses when in front of com-
puter screens will also use such glasses when in labor? After 
mentioning language and light, we might summarize the 
most important points by emphasizing that all attention-
enhancing situations are stimulants of neocortical activity. 
This is the case of feeling observed: it implies that one of the 
basic needs of a laboring woman is privacy. The perception 
of a possible danger is another example of an attention-
enhancing situations: it implies that a laboring woman needs 
to feel secure. We can notice that similar conclusions can be 
reached when using the concept of adrenaline-oxytocin 
antagonism as a starting point.

14.5.4	 �Predictive Scores and Tests

As a primary objective, reducing the rates of CS is dangerous. 
The effect is an increased prevalence of difficult births by the 
vaginal route with an increased need for pharmacological 
assistance [77]. The first step should be a renewed under-
standing of the basic needs of laboring women inspired by the 
physiological perspective: only this perspective can induce a 
paradigm shift after thousands of years of socialization of 
childbirth. According to our deep-rooted dominant cultural 
conditioning, a woman needs cultural interferences to give 
birth: this is the “helping-guiding-managing-coaching-
supporting paradigm.” From the perspective of modern physi-
ology, the keyword is “protection” (of an involuntary process). 
Such a paradigm shift is the prerequisite for the advent of 
simplified binary strategies based on the concept of in-labor 
non-emergency CS.  When simplified binary strategies 
become realistic, there will be new reasons to associate clini-
cal judgements with predictive scores and tests. An American 
study of predictive scores took into account 11 variables in 
order to identify, within 2 h after admission, risk factors that 
place at term nulliparous women in labor at risk for CS. The 
population was divided into quintiles, in which the lowest risk 
group had a 5 % incidence and the highest risk group had an 
88 % incidence of CS. The objective of this study was clearly 
to reduce the potential morbidity of long labor or failed oper-
ative vaginal delivery [78]. Interestingly it takes also about 
2 h to decide, through the “birthing pool test,” if an in-labor 
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non-emergency CS is the optimal option when the first stage 
is not straightforward. This test is based on the simple fact 
that when a woman in hard labor enters the birthing pool and 
is immersed in water at body temperature, a spectacular prog-
ress in the dilation is supposed to occur in an hour or two [79]. 
If the already well-advanced dilation remains stable in spite 
of water immersion, privacy (no camera!), and dim light, one 
can conclude that there is no reason for procrastination. It is 
wiser therefore to perform a CS immediately [80]. In the age 
of simplified techniques of CS, there are renewed reasons for 
simplified obstetrical strategies which will reduce, when fol-
lowed, the rate of neonatal and maternal complications.

14.6	 �Complications

We have emphasized that the best way to avoid complica-
tions related to CS is to avoid unnecessary operations, and 
understanding the physiology is a key factor. An extremely 
low percentage of CS is not necessarily an indication for 
quality, and an extremely high rate is not necessarily a sign 
of overuse. The population in each hospital is different, not 
just because of the existence or nonexistence of intensive 
care units for the mother and newborn, but also due to the 
population living in the area, their general health, age by first 
delivery, and many other factors. Therefore, artificially defin-
ing an optimal rate of CS will miss the point. It should be 
individualized, and each single case should be discussed, and 
the decision to perform CS, except in extreme emergencies, 
should be consulted with another obstetrician or during the 
daily staff meeting where applicable.

Even when a CS is indicated for a justified reason, the 
timing of the operation is critical. We know today that it is 
optimal to perform an indicated CS after labor has started. 
The lower segment develops which has influence on the 
amount of bleeding and easiness to open the uterus; the 
chance of the baby to be mature is higher, as the baby is the 
one signaling the mother when to start contractions and the 
mother is ready to start breastfeeding [81]. There are also 
surgical aspects which are more favorable when contractions 
have already started due to fact that when the lower segment 
develops, it is surgically easier to open the uterus in a loca-
tion with less muscular tissue and more fibrous tissue. This 
will secure a stronger scar and lower the risk of dehiscence in 
following deliveries.

Pre-labor CS is a risk factor for respiratory difficulties 
during the neonatal period, and the risks are dependent on 
the gestational age: differences in the quality of the respira-
tory functions are detectable when comparing pre-labor 
births at 38 and 39 weeks [82]. The roles of maternal and 
fetal stress hormones are well known. The effects of mater-
nal corticosteroids on fetal lung maturation are already 
known and have had practical implications for several 

decades. Labor implies the action of beta-endorphins (releas-
ers of prolactin, which participate in lung maturation) [83]. 
Labor also implies the release of the fetal noradrenaline, 
which is one of the main factors responsible for lung 
maturation.

The negative effects of stress deprivation of babies born 
by pre-labor CS are underestimated. For example, it has been 
demonstrated that, under the effect of noradrenaline, the 
sense of smell reaches a high degree of maturity at birth 
among these babies than those delivered naturally. The prin-
ciple of a Swedish study was to expose babies to an odor for 
30  min shortly after birth and then to test them for their 
response to this odor (and also to other odors) at the age of 3 
or 4 days [84].

Since the concentrations of noradrenaline had been evalu-
ated, it was possible to conclude that fetal noradrenaline 
released during labor is involved in the maturation of the 
sense of smell. We must emphasize the paramount role of the 
sense of smell immediately after birth. The fact that the sense 
of smell is a main guide toward breastfeeding was already 
recognized in the 1970s [85, 86].

It has also been shown that it is mostly through the sense 
of smell that the newborn baby can identify its mother (and, 
to a certain extent, that the mother can identify her baby). 
There has recently been an accumulation of data multiplying 
the reasons for waiting, whenever possible, for the onset of 
labor before performing a CS. Many unexpected differences 
have been demonstrated through human studies regarding 
the effects of CS births according to their timing. Among 
such studies, we must mention the evaluation of adiponectin 
concentration in cord blood of healthy babies born at term. 
The concentration of this agent involved in fat metabolism is 
significantly lower after pre-labor CS compared with in-
labor CS or vaginal route [87]. These data suggest a mecha-
nism according to which stress deprivation at birth might be 
a risk factor for obesity in childhood and adulthood. We must 
also give great importance to data regarding the milk micro-
biome. There are significant differences between the milk of 
mothers who gave birth by pre-labor CS and those who gave 
birth by in-labor CS or the vaginal route [88]. These results 
suggest that there are other factors than the operation per se 
that can alter the process of microbial transmission to milk. 
Similar differences were found by a Canadian study of the 
gut flora of 4-month-old babies [89]. Joanna Holbrook and 
her team, in Singapore, suggest interpretations for these sur-
prising data. They collected fecal samples from 75 babies at 
the age of 3 days, 3 weeks, 3 months, and 6 months (and they 
evaluated the degree of adiposity at 18 months). It appears 
that, apart from the route of birth and exposure to antibiotics, 
a shortened duration of pregnancy tends to delay the matura-
tion of the gut flora, 1 week more or less in the duration of 
pregnancy is associated with significant differences, and a 
pre-labor CS implies the association of all the known factors 
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that can delay the maturation of the gut flora. This study is all 
the more important since it also reveals that a delayed matu-
ration of the gut flora is a risk factor for increased adiposity 
at the age of 18 months [90].

In the framework of human studies, we may include also 
evaluations of the concentrations of melatonin in the cord 
blood. Melatonin levels proved to be low after pre-labor 
births [91]. This is an important point, since melatonin has 
protective antioxidative properties. Furthermore, it confirms 
that the “darkness hormone” is involved in the birth process. 
This is one of the reasons why the role of melatonin during 
labor is a topical issue, at a time when we are learning about 
a synergy between its uterine receptors and oxytocin recep-
tors. In general, a baby born after a pre-labor CS is physio-
logically different from others. For example, babies born 
before the start of labor tend to have a lower body tempera-
ture than others during the first 90 min [92]. In spite of pos-
sible interspecies differences, we must learn from animal 
experiments suggesting that the stress of labor influences 
brain development. Such is the case of studies demonstrating 
that the birth process in mice triggers the expression of a 
protein (uncoupled protein 2) that is important for the hip-
pocampus development [93]. The hippocampus in Homo 
sapiens is a major component of the limbic system. It has 
been compared to an “orchestra conductor” directing brain 
activity. It has also been presented as a kind of physiological 
GPS system, helping to navigate while also storing memo-
ries in space and time: the work of three scientists who stud-
ied this important function of the hippocampus has been 
recognized by the award of the 2014 Nobel Prize in physiol-
ogy and medicine. This is also the case of studies with rats 
suggesting that oxytocin-induced uterine contractions 
reverse the effects of the important neurotransmitter gamma-
aminobutyric acid (GABA): this primary excitatory neu-
rotransmitter becomes inhibitory [94]. If uterine contractions 
affect the neurotransmitter systems of rats during an impor-
tant phase of brain development, it is not improbable that the 
same happens in humans.

Other reasons to avoid pre-labor CS will present in the 
future. It seems that the prevalence of lateral (Fig. 14.15) or 
central placenta previa (Fig. 14.16) is significantly increased 
only in the case of a pregnancy following a pre-labor CS 
[95]. There is already an accumulation of data confirming 
the negative effect of pre-labor CS on breastfeeding, particu-
larly at the phase of initiation of lactation [96, 97]. Toward 
the end of the pregnancy, major anatomical changes happen. 
The lower segment of the uterus develops and the wall in the 
lower aspect of the uterus becomes thinner. Optimally, dur-
ing CS, the uterus should be open after pushing down the 
bladder. As we stressed before, the histology of the lower 
segment is different than the body of the uterus, and one of 
the differences is the prevalence of more fibrous tissue and 
less muscle. Therefore, performing CS after the initiation of 

contractions will enable the opening of the uterus in a seg-
ment with less muscle and with a thinner wall. This will 
result with easy extension of the opening which, as we 
described, can be done by using two fingers (the thumb of 
the right hand pushing away and the index finger pulling 
toward the surgeon). This maneuver results with less bleed-
ing and is much easier than opening the lower segment dur-
ing pre-labor CS. This enables suturing the uterus with one 
layer, which proved to be beneficial, not just due to less 
suture material and therefore less foreign body reaction 
which could result in a weak scar, but also in avoiding com-
plications related to bleedings and unnecessary extra stitches 
which might cause damage to the urine bladder (Fig. 14.17) 
and occasionally even to the ureters and fistulae [98, 99].

Fig. 14.15  A transvaginal ultrasonographic scan of lateral placenta 
previa

Fig. 14.16  A transvaginal ultrasonographic scan of central placenta 
previa with accretism
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14.6.1	 �The Short-Term Complications of CS

Short-term complications of delivery include all maternal or 
neonatal complications from birth up to 42 days after deliv-
ery. Complications such as intra- and postpartum hemorrhage 
(PPH) are more frequent during and after emergency CS and 
in women with a preexisting condition such as hypertension 
and diabetes, women with multiple gestation pregnancy 
(MGP), or women presenting with a low-lying placenta [17, 
100]. These risk factors also increase the need for cesarean 
delivery [17, 19, 101, 102]. New risks factors such as mater-
nal obesity and advanced maternal age (AMA) are now estab-
lished risk factors for CS and can explain in part the some of 
the rapid increase in the CS rates worldwide [103–109]. 
Obese primiparous women and multiparous women with no 
previous cesarean delivery have similarly increased adjusted 
RRs for intrapartum cesarean delivery (relative risk (RR) 1.64 
and RR 1.66, respectively) [106]. Induced labor is a signifi-
cant risk factor for delivery by CS (adjusted odds ratio 2.2) in 
obese women [104]. A recent retrospective cohort study of all 
women (n = 1,346,889) delivering singleton births in the state 

of California between 2007 and 2012 has shown that the CS 
rates increase from 30.5  % at 20–34  years to 40.5  % at 
35–39 years, 47.3 % at 40–44 years, 55.6 % at 45–49 years, 
and 62.4 % at >50 years [108]. Similar increased rates (35–
39 years, 25.9 %, RR = 1.25; 40–44 years, 30.9 %, RR = 1.45; 
45–49  years, 35.7  %, RR  =  1.59; and ⩾50  years, 60.7  %, 
RR = 2.44) were also found in a Washington State popula-
tion-based cohort study of 78,880 births to mothers 25 years 
and older with singleton births [109]. Nulliparous women age 
≥50  years were significantly more likely to experience an 
intrapartum cesarean delivery (RR, 2.61) [108].

Factors such as obesity combine risks of intrapartum and 
postpartum complications for both mother and newborn in 
particular when associated with gestational diabetes and 
fetal macrosomia [17, 105, 107]. MGP increases the risk of 
CS due to a higher incidence of fetal malpresentation, also in 
case of fibroids (Fig. 14.18a, b), and placenta previa and CS 
in these cases are associated with a higher rate of intra- and 
postoperative complications [17, 101]. Women requiring 
cesarean delivery for early preterm births (23–27 weeks) are 
at higher risks of hemorrhage, infection, and intensive care 
unit admission, in particular when a classic CS delivery is 
performed [110].

14.6.1.1	 �Maternal Complications
Serious maternal complications are defined as hemorrhage 
leading a blood loss ≥1,500 mL, blood transfusion, or hys-
terectomy for hemorrhage, infection including endometritis, 
wound dehiscence, or wound infection requiring antibiotics, 
reopening, or unexpected procedure, admission to intensive 
care unit (ICU), or death [100]. The management of PPH is 
described in other chapters.

Overall excessive bleeding is more common in CS for 
MGP, placenta previa, placenta previa accreta (Fig. 14.19); 
in grand multiparous women, following a long and dystocic 
labor, at full dilation; and in cases of fibroids [17, 100, 101] 
(Fig. 14.20), and obstetricians need to be prepared to manage 
potential PPH in these high-risk cases.

Women undergoing CS have a fivefold to 20-fold greater 
risk for infection and infectious complications compared 
with a vaginal birth, and infectious complications that occur 
after cesarean deliveries are an important cause of maternal 
morbidity and are associated with an increase in hospital stay 
[111]. Infectious complications following CS include high 
fever, wound infection, endometritis (most common compli-
cations of CS), and urinary tract infection.

Rarely, there can also occasionally be life-threatening 
infectious complications such as pelvic abscess, septicemia, 
and septic shock, necrotizing fasciitis, and septic pelvic vein 
thrombophlebitis. Obese women have a twofold–fourfold 
increase in infectious postoperative complications, including 
primary infectious outcome and wound infection [107]. The 
most important source of microorganisms responsible for 

Fig. 14.17  A complication during cesarean section: the accidental 
damage to the urine bladder, with the leakage of the catheter from the 
bladder
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post-cesarean section infection is the genital tract, particu-
larly if the membranes are ruptured [111]. Pathogens iso-
lated from infected wounds and the endometrium include 
Escherichia coli and other aerobic gram-negative rods, group 
B streptococcus and other streptococcus species, 
Enterococcus faecalis, Staphylococcus aureus and coagulase-
negative staphylococci, anaerobes, Gardnerella vaginalis, 
and genital mycoplasmas. The use of prophylactic antibiot-
ics before skin incision decreases in women undergoing 
cesarean section reduces the incidence of wound infection, 
endometritis, and serious infectious complications by 
60–70 % [17, 19, 111].

The skin layer can be repaired by subcuticular stitch 
(immediately below the skin layer) or an interrupted stitch 

(individual stitches) or with skin staples. In theory, staples 
are attractive because there is less chance of bacterial migra-
tion into the wound, and the capillaries in the subcuticular 
layer are not damaged during placement of the clips [17]. A 
recent meta-analysis has shown that closure of the transverse 
skin incision with suture significantly decreases wound mor-
bidity, specifically wound separation, without significant dif-
ferences in pain, patient satisfaction, or cosmesis [112].

Vascular thromboembolism (VTE) is the leading cause 
of maternal death in developed countries. Risk factors are 
also the puerperal period, CS, immobility, obesity, advanced 
age, and parity. The incidence of DVT was reported at 
0.17 % and that of pulmonary embolism (PE) at 0.12 % in 
women undergoing cesarean birth [19, 100]. Operative 

a b

Fig. 14.18  (a) Transvaginal ultrasonographic scan showing a posterior cervical fibroid at 36 weeks of pregnancy. (b) Intraoperative image of a 
large cervical fibroid during cesarean section

Fig. 14.19  A transvaginal ultrasonographic scan showing an anterior 
placenta previa in a patient at 31 weeks of gestation, operated by an 
urgent cesarean section. During operation, patient was hysterectomized 
for placenta accreta

Fig. 14.20  A transabdominal ultrasonographic scan showing a lateral 
fibroid of 10 cm in diameter in a patient at 26 weeks of pregnancy
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injuries are uncommon and include uterine lacerations, 
bladder injury (Fig. 14.21), ureteral injury, and gastrointes-
tinal tract injury (Fig. 14.22) [19].

Multiple repeat CS and cesarean delivery at full dila-
tion increase the risks of serious maternal morbidity, and 
the risks increase with the number of previous cesarean 
deliveries [17].

Although CS is the most common operation among 
obstetricians and gynecologists, it should be considered as a 
major surgery and should not be done without the presence 
of an experienced obstetrician. The complications involved 
are unpredictable and hemorrhages are an extremely actual 

risk. Complications can happen in any stage of the surgery, 
starting with the skin incision, injury to the blood vessels 
and muscles, damage to the intestines and bladder, and inju-
ries to the newborn. Knowledge of anatomy and physiology 
is of utmost importance, and any complication should be 
immediately recognized and taken care of. Once in a while, 
intraoperative consultation with a general surgeon or urolo-
gist is necessary. Calling for assistance is not a sign of 
weakness; on the contrary, it shows responsibility and 
maturity.

14.6.1.2	 �Neonatal Complications
The main complication of preterm CS is a higher rate of 
neonatal intensive care unit (NICU) admission. Neonatal 
adverse events are more frequent with elective cesarean 
delivery performed at 38 than 39 weeks of gestation and at 
37 weeks compared to 38 and 39 weeks of gestation [113–
115]. The difference between 38 and 39 weeks seems to be 
significantly smaller than previously anticipated, and a 
recent randomized controlled multicenter open-label trial 
found no significant reduction in neonatal admission rate 
after CS scheduled at 39 weeks compared with 38 weeks of 
gestation [116].

As shown previously, the maternal skin microbiome, 
the oral flora, and the breast milk microbiome have also an 
important role in the development of the human immune 
system [117]. The physiological changes that occur during 
pregnancy may disrupt this balanced ecosystem and pre-
dispose women to a potentially pathogenic microbiota. 
Infant colonization sets the stage for the adult microbiome 
[118]. The intestinal flora of the children born by CS con-
tains less bifidobacteria and is similar to the intestinal flora 
found in diabetic individuals [117, 119]. Premature and/or 
very low birth weight (VLBW) neonates are at greater risk 
for marked dysbiosis of the gut microbiome and are at 
greater risks of late-onset neonatal sepsis and necrotizing 
enterocolitis [117]. Maternal obesity and prenatal expo-
sure of antibiotics are additional risk factors for these com-
plications [105, 110, 120, 121]. Prophylactic antibiotics 
are now routinely given to all women undergoing elective 
or non-elective CS and are beneficial for women [17, 111] 
with no obvious consequences for the term newborn. The 
passage of a single dose of prophylactic antibiotic during a 
cesarean delivery through the breast milk is thought to be 
minimal.

Direct injury, i.e., skin cut to the newborn (Fig. 14.23), is 
uncommon at CS but may be unreported and vary with the 
experience of the operator and the technique used 
(Fig. 14.24). There are no epidemiologic data available on 
accidental cut skin during CS and their short-term impact. 
Bone fractures in neonates are rare, but can occur during CS, 
and case of bilateral humerus fracture and other orthopedic 
complications have been reported [122–124].

Fig. 14.21  An accidental bladder injury

Fig. 14.22  An accidental gastrointestinal tract injury
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14.6.2	 �Long-Term Complications

A cesarean delivery requires cutting and opening of the skin 
and underlying fat tissue, the muscular sheet, the perito-
neum, and the uterine muscle including the myometrial-
endometrial junction zone. All these layers need to go 
through the healing process afterward, which will vary 
depending on the type of tissue involved and requires hemo-
stasis, inflammation, proliferation, and remodeling. For a 
wound to heal effectively, these phases should be accom-
plished fully and in the right sequence. Scarring is consid-
ered abnormal when fibrosis is excessive or suboptimal.

14.6.2.1	 �Keloids
Surgical wounds alter the skin’s fibrotic structure, thereby 
producing scar tissue with significant functional impair-
ments [125]. Keloids and hypertrophic scars are generally 
characterized by abnormally proliferative scar tissue. Keloids 
are benign, fibroproliferative lesions that represent abnormal 
healing resulting in excessive fibrosis, which can occur in all 
skin types with a higher frequency in black women. Keloids 
have a different clinical course than do hypertrophic scars. 
Optimal prevention and treatment of these abnormal wound 
healing process remain undefined, but they may be surgically 
corrected. Other measures such as intralesional corticoste-
roid or verapamil injection, pressure therapy, cryotherapy, 
and other topical treatments such as topical gel sheeting may 
be useful [126, 127], but most have not been tested in ran-
domized controlled trials (RCT). Many surgeons remove 
keloids in subsequent CS; however, mostly the keloids form 
again. The best way to deal with keloids and at least to mini-
mize their appearance is to remove them, not beyond their 
borders, but very near to the inner border, leaving minimal 
keloid tissue and then closing the skin as keloid does not 
produce another keloid. It will result in a much thinner scar 
than the previous one.

14.6.2.2	 �Adhesions
Most of the long-term complications related to CS are related 
to the development of postoperative adhesions [125]. Recent 
data suggest that the formation of adhesions is caused by the 
organization of a fibrin matrix, which takes place during the 
coagulation process facilitated by suppression of fibrinolysis 
[128]. Adhesions develop more frequently and with increas-
ing severity with each repeat cesarean. Around 40  % of 
women develop adhesions following the primary cesarean 
delivery, and nearly 70  % of those have adhesions at the 
second surgery [129]. Of those who did not develop adhe-
sions after the primary CS, almost 40 % have adhesions at 
the third surgery. Overall, a woman presenting with adhe-
sions at her second cesarean has a 1.88-fold risk for adhe-
sions at her third cesarean.

The complications related to adhesions are diverse in 
nature and clinical consequences, varying from emergency 
reoperations for small bowel obstruction to chronic pelvic 
pain. In the context of reproduction, pelvic adhesions are 
also associated with increasing maternal morbidity for sub-
sequent cesarean deliveries, such as bladder injury and/or the 
need for hysterectomy and increased delivery interval time 
[17, 125]. However, the association between CS, adhesions, 
and infertility has been controversial. A recent retrospective 
cohort study of 224,024 women delivered by CS has pro-
vided strong evidence that there is no or only a slight effect 
of CS on future fertility [130]. The clinical and social cir-
cumstances leading to the CS have a greater effect on future 
fertility than the CS itself. Similarly a population-based 

Fig. 14.23  Accidental skin cut to the newborn during cesarean section

Fig. 14.24  A safety technique used by surgeon during the opening of 
the myometrium, performed with the scalpel taken from the handle
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study of 52,498 women has provided further corroboration 
of previous studies that have reported reduced childbearing 
subsequent to cesarean section in comparison with vaginal 
delivery [131]. However, the authors were unable to measure 
prepregnancy body mass index, weight gain during preg-
nancy, and prior infertility, which would have been reduced 
selection bias. Also, it is unclear whether it is more likely 
that women could not conceive or whether they actively 
chose to avoid further childbearing.

It appears that adhesion formation may be reduced with 
closure of the peritoneum and double-layer closure of the 
uterine incision, although whether this reduction has clinical 
significance remains uncertain [17]. Uterine adhesions can 
now be diagnosed during pelvic ultrasound examination. 
The typical features include fusion of the uterine tissue with 
surrounding tissue, acute uterine retroflexion, and lack of 
uterine mobility. Ultrasound features of pelvic adhesions are 
found in more than a third of women with a history of CS, 
and they are associated with chronic pelvic pain [132]. 
Adhesions in the vesicouterine pouch were the most com-
mon, and increasing number of CSs (OR 3.4) and a postop-
erative wound infection (OR 11.7) increase the likelihood of 
adhesions developing in the anterior pelvic compartment.

Although adhesions might cause several clinical manifes-
tations, they probably are a group of their own. In a prospec-
tive study, women were asked to describe their clinical 
symptoms prior to the next operation and the surgeons which 
were not aware of the questionnaire results described the 
amount and location of the adhesions found. No connection 
was found between the clinical symptoms presented after CS 
and with the location and amount and severity of adhesions, 
as found in the subsequent operation [133].

14.6.2.3	 �CS Defects
Musculature in mammals cannot be functionally repaired 
and does not heal by regenerating muscle fibers, but by form-
ing “foreign” substances including collagen [125]. The 
resulting scar tissue is weaker, less elastic, and more prone to 
injury than the intact muscle. Experiments in mice have indi-
cated that differences in regenerative ability translate into 
histological, proliferative, and functional differences in bio-
mechanical properties of the scarred myometrium after CS 
[134]. These results could explain wide individual variations 
observed in uterine healing after CS (Fig. 14.25).A uterine 
CS defect (CSD) or “niche” is a tethering of the endome-
trium that can serve as a reservoir for intermenstrual blood 
and fluid and can be associated with clinical gynecological 
symptoms such as postmenstrual spotting and dysmenorrhea 
[135]. Approximately 30 % of women with a niche report 
spotting at 6–12 months after their CS. Other reported symp-
toms in women with a niche are dysmenorrhea, chronic pel-
vic pain, and dyspareunia. A CSD may range from a small 
defect of the superficial myometrium (Fig. 14.26) to clear 

loss of substance with a direct communication between the 
endometrial cavity and the visceral serosa.The relationship 
between the size of the CSD and the clinical symptoms, uter-
ine position, and number of previous CS has been evaluated 
in many different studies [136–139]. Possible factors that 
could play a role in niche development include a very low 
incision through cervical tissue, inadequate suturing tech-
nique during closure of the uterine scar, surgical interven-
tions that increase adhesion formation, or patient-related 
factors that impair wound healing or increase inflammation 
or adhesion formation [135].

The main issue of a previous CS scar is the risk of scar 
deficiency/separation, during the next pregnancy and deliv-
ery [140]. This is increased in women with a retroflexed 
uterus, in those who have undergone multiple CS, and after 
cesarean delivery in advanced labor [136–139]. A recent ret-
rospective cohort study has shown that uterine scar dehis-
cence in a previous pregnancy is a potential risk factor for 
preterm delivery, low birth weight, and peripartum hysterec-
tomy in the following pregnancy [141]. The other and much 
more serious complications of a previous CS are implanta-
tion of clinically detectable pregnancy into a scar (scar ecto-
pic pregnancy) and an abnormally invasive placenta (AIP) or 

Fig. 14.25  Transvaginal ultrasound view of the of the lower uterine 
segment in a 7-week pregnant woman 18 months after a previous emer-
gency CS. Note a small scar defect in the superficial myometrium at the 
junction between the lower segment and the cervix

Fig. 14.26  Image of a minor scar dehiscence associated with a skin 
infection 2 weeks after an emergency CS
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placenta accreta in a subsequent pregnancy (Chap. 12). Scar 
ectopic pregnancies are still very rare [142], but the rise in 
AIP corresponds temporally to rising CS rates with recent 
US epidemiological studies indicating an overall incidence 
of PA of 1 in 533 deliveries or an OR of 1.96 after one CS [1, 
143]. It has been estimated that if the CS rate continues to 
rise as it has in recent years, by 2020, there will be an addi-
tional 6,236 placentae previae, 4,504 PAs, and 130 maternal 
deaths annually [144]. As both complications are associated 
with severe maternal morbidity and significant mortality 
from very early in pregnancy, an accurate early prenatal 
diagnosis of this condition is pivotal to avoid catastrophic 
complications such as uterine rupture, massive vaginal 
bleeding, and placenta previa/accreta, which might lead to 
hysterectomy [143]. Uterine scar surgical repair could pre-
vent recurrent cesarean scar ectopic pregnancies [145] and 
also prevent AIP in subsequent pregnancies, but this concept 
remains unproven.

14.6.2.4	 �CS-Induced Disorders of Placentation
The decidual defect following a uterine scar may have an 
adverse effect on early implantation by creating conditions 
for preferential attachment of the blastocyst to scar tissue 
and facilitating abnormally deep invasion of the extravillous 
trophoblast leading to AIP, but it may also lead to impaired 
placentation if the uterine tissue around the scar is compro-
mised and does not allow a sufficient blood supply to the 
placenta. A recent study of the uterine circulation in women 
with a previous CS has shown that the uterine artery resis-
tance is increased and the volume of uterine blood flow is 
decreased as a fraction of maternal cardiac output compared 
to women with a previous vaginal birth [146]. These data 
suggest a possible relationship between of a poorly vascular-
ized uterine scar area and an increased in the resistance to 
blood flow in the uterine circulation with a secondary impact 
on placental implantation.

Large epidemiologic studies have shown that women who 
have had a previous CS are at increased risk of unexplained 
stillbirth in the second pregnancy [147, 148]. The etiology 
behind the higher rates of unexplained stillbirth in subse-
quent pregnancies after cesarean delivery remains unknown, 
but it could be explained by the increased prevalence of pla-
centa abruption, which may be, in turn, a consequence of 
impaired placentation [125].

Epidemiological studies have also indicated that a cesar-
ean delivery is associated with increased risks of placenta 
previa and abruption in the subsequent pregnancies [36, 
149–153]. The risk of previa is higher with increasing num-
ber of prior cesarean deliveries [149].

By contrast, the 20 % increased risk of previa associated 
with prior intrapartum cesarean delivery was found to be not 
significant. A recent meta-analysis of five cohorts and 11 
case-control studies published between 1990 and 2011 has 

indicated that after a cesarean delivery, the calculated sum-
mary odds ratios (OR) are 1.47 for placenta previa and 1.38 
for placental abruption [151]. The increased incidence of 
placenta previa and placenta abruption after a previous CS 
supports the concept of a biological dysfunction of the lower-
segment myometrium secondary to damage of the corre-
sponding uterine area by previous lower-segment CS scar 
[125].

�Conclusion

The aim of this chapter was not just to summarize possi-
ble complications, but also to explain our vision toward a 
reduction in the rate of CS complications by providing 
insights into the physiology of the late pregnancy, hence 
the understanding when is the most optimal time to per-
form the operation, and by introduction of the most rea-
sonable way to conduct the surgery which is based on 
evidence resulting from several comparative studies. Any 
CS should follow a solid indication, and in case there is 
one, a predelivery CS should be avoided unless in an 
emergency. It is important that the physiological changes 
occurring to the mother following CS will be as similar as 
possible to those happening in natural childbirth.
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