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Abstract The aim of this study was to evaluate every part
of the surgical procedure during cesarean section (CS) to
prevent complications and improve the clinical outcome.
We researched on PubMed, Medline, and Cochrane. The
evidence-based research suggests a transverse incision of
the skin, blunt dissection of the subcutaneous tissue, omission of the bladder flap, blunt extension of the hysterotomy,
prophylactic antibiotics, spontaneous placental removal,
leaving the peritoneum open, and suture closure of the
subcutaneous tissue when thickness is ≥2 cm. We hope that
all evidence-based description will help to perform the CS
safer, and for all surgical procedures not yet studied, further
research is needed.

As in most surgical procedures, there is no standard
technique, and for this reason, there are many possible
ways to perform a cesarean section. The CS is associated
with a low maternal mortality rate. It has became a safe
procedure in the last 50 years because of the improvement
of surgical and anesthesiological techniques as well as the
routinely use of antibiotics.
The aim of this article is to research techniques of CS
and to provide an evidence-based guidance to facilitate
surgical decision making. The purpose was to evaluate
every surgical procedure to prevent possible complications
and at the same time to optimize clinical outcome.
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Material and methods

Introduction
The cesarean section (CS) has evolved over a millennium
and is considered the oldest major obstetric operation. The
World Health Organization (WHO) recommends that the
rate of cesarean sections should not exceed 15% in any
country. But in reality, it continues to increase, varying
considerably between countries and health services. In
Switzerland, there is a rate of 29.2% [24]; but, in other
countries like Chile, it increased up to 40% [37], and also,
in the USA, the rate rose from 20% to 31.1% [42] during
the last decade.
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We searched literature published in MEDLINE, PubMed, or
Cochrane between 1971 and 2009. The terms searched for
were cesarean section, cesarean delivery, and cesarean
pregnancy, and we were focusing on randomized trials,
analyzing technical aspects. All randomized trials that
covered surgical and selected nonsurgical aspects of CS
where included in the review. Each manuscript or review
was carefully evaluated and any pertinent references from
the manuscripts where obtained and reviewed.

Results
Lateral tilt Lateral tilt is a consolidated obstetric practice to
reduce the aortocaval compression by the gravid uterus.
This reduction is reached with a lateral tilt of 12.5°–15°
[29]. This intraoperative position can also cause compression of the underlying structures defined as a sciatic
neuropathy, and for this reason, it is important to reduce
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the time in this position as much as possible. Unfortunately,
the trials analyzed were all methodologically poor; but
when lateral tilt was used, the Apgar scores of the newborn,
the pH measurements, and oxygen saturation appeared to
be better than in the supine position [25, 50].
Skin cleaning The purpose of the skin cleaning is to reduce
the bacterial colonization. Usually the skin preparation is
performed with a preoperative shower, then a scrub with
bactericidal soap in the operating room, followed by
application of a long-acting bactericidal agent. A systematic
review has shown that no reduction in surgical site infection
was found for preoperative bathing with chlorhexidine soap
compared with bar soap or placebo [46]. Some surgeons
apply only the long-acting bactericidal agent without the
preoperative applications of soap and seem to be equal
effective compared with the traditional method. The rate of
wound infection is not dependent on the antiseptic solution
chosen [18, 25]. Therefore, the use of an iodine solution
alone is considered reasonable. It is also proven that the use
of prophylactic antibiotics reduces the risk of infections
(endometritis or wound infections) independently of the
way of skin cleaning [32].
Adhesive drapes Adhesive drapes do not reduce surgical
site infection. This was evaluated in a systemic review of
randomized trials which demonstrated no benefit. Also, the
iodine-impregnated adhesive drape versus no adhesive
drape had no effect on the surgical site infection rate (RR,
1.03; 95% CI 0.064–1.66) [25, 48].
Skin incision In general, a transverse incision is most
commonly used for cesarean delivery since it is associated
with less postoperative pain, greater wound strength, and
better cosmetic results than the midline incision [6].
Midline incisions compared with transverse incisions have
more wound dehiscence/infection (eight times more; 2.94%
VS 0-0.37%) [36] and undoubtedly also increase the
incidence of incision hernia [30, 45]. However, midline
incisions generally are believed to allow faster abdominal
entry because of less bleeding and nerve injury and can be
easily extended in cranial direction if more space is
required [22]. The preferred transverse incisions worldwide
are the Pfannenstiel and the Joel-Cohen (JC) incisions. The
Pfannenstiel incision is slightly curved, 2 to 3 cm or two
fingers above the symphysis pubis, with the mid-portion of
the incision within the shaved area of the pubic hair. The JC
incision, on the contrary, is straight, 3 cm below the line
that joins the anterior superior iliac spines and therefore
more cranial than the Pfannenstiel incision. A modified JC
incision which is named the Stark cesarean section has
proved to have advantages compared with the traditional
Pfannenstiel incision because of a shorter surgical time,
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fewer sutures, lower febrile morbidity, and fewer postoperative hematomas above and under the fascia [5, 15, 34]. In
1999, Wallin presented also a modified Joel-Cohen technique for cesarean delivery (incision 3 cm above the symphysis pubis, closure of uterine incision with a single layer
and no peritoneal closure). This method has been proven to
be much faster, then the Pfannenstiel technique especially
in delivering the fetus [25, 34, 47], but this is not clinically
relevant because of equal neonatal outcome [15, 19].
However, considering the less cosmetic appearance of the
JC abdominal wound, it should be limited only to the
emergency cesarean section.
Subcutaneous incision/opening The safety and efficacy of
electrocautery compared with the cold scalpel for midline
abdominal incision was analyzed in a multicenter collaborative study. On animal trials, the use of electrocautery had
shown an increment of wound infection. These findings
were not confirmed in this clinical trial that involved 964
patient, and the results reported no differences in wound
infections between the electrocautery and the cold scalpel
[20]. It is proven that an electrocautery can induce
pacemaker failure [4]. For this reason, some authors believe
that a unipolar electrocautery can also cause a fetal injury
during the surgery. However, this hypothesis has not been
proven so far by any study. Blunt dissection (with fingers)
has been associated with a shorter operating time and, in
addition, most operators use the scalpel as less as possible,
opening layers bluntly (from medial to lateral) to avoid
injury to the tissue and the inferior epigastric vessels [6].
Fascial incision There are no randomized trials comparing
different techniques of opening the fascia at CS. Most
experts recommend a transverse incision that is performed
with the scalpel and then extended with scissors. Alternatively, the fascial incision can be extended laterally with the
fingers (Misgav-Ladach techniques) [6].
Rectus muscle The rectus muscle can be separated bluntly
or by scissors. Various studies have shown that cutting
transversely the rectus muscle versus not cutting was not
associated with any difference in operative morbidity,
difficult deliveries, increase of postoperative complications,
or higher pain scores. For this reason, transecting the rectus
muscle seems to be unnecessary and does not preserve the
muscle’s strength [7, 21].
Opening of the peritoneum Opening of the peritoneum has
not been studied separately in a randomized trial. Many
authors recommend opening the peritoneum carefully using
the fingers to minimize the risk of injury to other organs
adherent to the underlying surface. For this reason, a sharp
entry is considered unnecessary [47, 52].
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Bladder flap Bladder flap was studied in a single trial
involving 102 women delivering by cesarean section. The
omission of the bladder flap (direct incision 1 cm above the
bladder fold) was associated with a reduction in operating time
(5 vs. 7 min; P=0.001), blood loss [postoperative microhematuria (21% vs. 47%; P=0.01) and need for analgetics
(26% vs. 55%; P=.006; 26]. The rate of a bladder adherent
to the uterus at repeated cesarean section was demonstrated
to be higher in those who had a bladder flap performed in a
previous CS [38]. The bladder flap is justified only if a
difficult delivery is anticipated like a vertex presentation
deep in the pelvis. Unfortunately, the long-term consequences of this procedure were not evaluated [26].
Uterine incision Uterine incision can be performed in many
different ways. The way of incision depends on many
factors including the position of the fetus, the location of
the placenta, and development of the lower uterine
segment. The most common procedure is the transverse
incision of lower uterine segment (called Kerr incision or
Monroe-Kerr) also because, compared with the vertical
incision, this incision means less blood loss, less need of
bladder dissection, and a lower risk of rupture in following
pregnancies [31, 40]. If necessary, a transverse incision can
be expanded laterally (like a “J” or a “U”) or vertically (like
a reverse “T”). These different incisions have substantially
the same rate of complication during the operation and the
same postoperative morbidity, but the intraoperative risk is
higher (blood loss, change in the mean hematocrit/hemoglobin, unintended extension of incision into the broad
ligament, laceration of the cervix) when a transverse
incision is performed [31]. The type of incision (vertical
or transverse) in subsequent pregnancies is associated with
a different risk of uterine rupture. The risk of rupture in a
vertical incision is 2.2% compared with a transverse
incision (in the lower uterine segment) that decreases to
0.038–0.5% [10]. In general, a woman with only one
foregone CS (incision in the lower uterine segment) has a
risk of uterine rupture of 0.8% compare to two or more CS
where the risk grows to 3.7% (OR=4.8, 95% CI, 1.8–13.2;
P=0.001) [10].
Expansion of uterine incision The hysterotomy incision can
be extended either bluntly or by scissors. These two
techniques were studied in two randomized trials, which
showed different results. One reported an association
between sharp dissection and increased blood loss (886
vs. 843 mL; P=0.001), but the other reported the two
techniques as equivalent (postpartum hemoglobin levels 9.9
vs. 10.3 g/dL; P=.12) [31, 41]. Because of the risk to injure
the neonate or the cord and also because it is faster, blunt
expansion should be preferred to sharp expansion of uterine
incision. A recent study compared also a blunt expansion
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(with the fingers) in a transversal vs. in a cephalic–caudal
direction of the uterine incision. The outcome seems to
prove a higher incidence of unintended extension (7.4% vs.
3.7%; P=.03) and blood loss >1,500 mL (2.0% vs. 0.2%;
P=.04) when the transverse expansion is performed [14].
Some studies have evaluated the use of the stapling
technique to reduce the blood loss. This procedure was
associated with a longer time to deliver the baby, compared
with the traditional method, and no benefits were found in
maternal or fetal outcomes [49].
Instrumental delivery The instrumental delivery has been
suggested to assist the fetal head at cesarean section when
the delivery is found to be difficult and atraumatic manual
delivery is not possible. Actually, there are not enough data
to express a proposal about the instrumental delivery. In the
absence of clear evidence of benefit, a routine use of
vacuum extraction or forceps at the time of cesarean
delivery is not justified, given its potential for serious fetal
injury (extra- and intracranial hemorrhage) [12]. The most
common technique is to insert the hand into the uterine
cavity to flex the fetal head and bring it to the level of the
uterine incision, from which it can be extracted [8].
Prophylactic antibiotics The use of prophylactic antibiotics
in women undergoing cesarean section were studied in
more than 80 randomized trials. All these studies show
benefit in both elective (none laboring) and non-elective
(laboring) CS. The decrease in incidence of endometritis
was >60% in both, elective (RR, 0.38; 95% CI, 0.22–0.64)
and non-elective (RR, 0.39; 95% C, 0.34–0.46), with
>2,000 women who were randomly assigned in each
analysis [43]. The decrease in wound infection was
approximately 25% in elective CS and 65% in nonelective CS. In other 51 randomized trials, the incidence
of endometritis was equivalent in using ampicillin or firstgeneration cephalosporins. A multiple dose regimen for
prophylaxis or a broader spectrum agent in a single dose
does not appear to offer additional benefit [25, 27].
Placental removal Randomized trials have shown that a
gentle traction on the cord and the use of oxytocin reduce
postoperative endometritis (OR 0.62. 95% CI 0.48–0.80)
and blood loss compared with manual traction. In this way,
it is also not needed to change the gloves after removing the
placenta [6, 35, 51].
Uterine exteriorization Nine randomized studies evaluated
the position of the uterus at the time of repair. The metaanalysis suggests that there is no significant difference in
outcome leaving the uterus intra-abdominally or exteriorization for uterine incision repair (except for the shorter
operating time and less nausea) [13, 39].
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Cervical dilatation The intraoperative cervical dilatation
during cesarean section was studied in one randomized
controlled study. No differences were found in maternal
fever, wound infection, or change in hemoglobin concentration between this group and the other not undergoing the
intraoperative cervical dilatation [1].
Closure of uterine incision Closure of uterine incision is
actually still discussed. In literature, there are many different
ways of closing the uterine incision. To avoid bleeding from
the incision edges, a continuous closure incorporating all the
muscle without including the endometrium is preferred. It is
faster, and no increased risk of uterine rupture, hemorrhage,
and infection was found [15]. Diverse studies have analyzed
single- versus double-layer closure. According to the review
of the Cochrane Library, blood loss and the need for
transfusion, as well as endometritis rates were not different
in this two techniques [9, 16]. Single-layer closure shortens
the operating time. However, it seems to increase the risk of
uterine rupture during following pregnancies. Other studies
did not confirm this risk, but showed a higher frequency of
asymptomatic uterine dehiscence. According to this, there is
not enough evidence for the routine use of a single-layer
closure compared with double-layer closure [17]. Further
investigations are needed to analyze which factors can affect
the strength of the closure.
Intra-abdominal irrigation Intra-abdominal irrigation with
the use of prophylactic antibiotics seems not to reduce the
maternal morbidity [23]. The same is also valid for the
irrigation of the subcutaneous tissue.
Peritoneal closure versus non-closure Peritoneal closure
versus non-closure was evaluated in many randomized trials
and summarized in a Cochrane Review [16]. It is in generally
evident that non-closure of the peritoneum (visceral and
parietal) reduces the operating time, the postoperative fever
(wound infections), and the postoperative hospital stay. Also
the analgetic requirements favor a non-closure. The longterm follow-up showed no differences in pain, fertility,
urinary symptoms, and adhesions [38, 44, 45]. It is proven
that closure of the visceral peritoneum at cesarean delivery
may produce an inflammatory reaction and adhesions,
caused by reactive and regenerative mesothelial hyperplasia
and submesothelial fibrosis [33].
Reapproximation of rectus muscle Reapproximation of
rectus muscle seems to be unnecessary also because the
muscles tend to find the right anatomic location by itself. For
this reason and because it may produce unnecessary pain
when the woman starts to move after the operation, suturing it
is not recommended [6, 45]. There are no published data to
support or refuse these claims. Further studies are needed.
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The technique of fascia closure The technique of fascia
closure has not been studied in any trial. Many clinicians
agree to close the fascia with a delayed absorbable, running,
and nonlocking suture [6].
Subcutaneous tissue closure versus non-closure Subcutaneous
tissue closure is recommended in women with a depth of
more than 2 cm [3]. Closure of dead space seems to inhibit
accumulation of serum and blood that can lead to a dehiscence
of the wound [11]. The general clinical experience is to close
these subcutaneous tissues with a delayed absorbable,
interrupted, nonlocking suture.
Closure of skin There are not enough data to give a
recommendation how to reapproximate the skin. Usually,
this closure is performed with staples or suture [2, 25].

Comment
The cesarean section in obstetrics is one of the most common
and oldest surgeries. But still, for some surgical procedures,
there are not enough data to give an evidence-based
recommendation. In our profession, it is very important to
improve our technique based on well-performed studies.
The evidence-based surgical steps described to perform a
cesarean section are recommended for all the pregnant
undergoing the first CS. This is because the anatomy in
women with one or more CS can be very different, and for
this reason, some passages in performing this operation
have an increased risk of complication (malpresentation,
placenta previa, antepartum hemorrhage, placenta accreta,
prolonged labor, uterine rupture, preterm birth, low birth
weight, and stillbirth) [28]. However, some authors define
that some risks may be due to confounding factors related
to the indication for the first cesarean section, rather than
due to the procedure itself.
We hope that all the evidence-based technical aspects
described above will help to perform the CS in a safer way.
However, further research is needed to clarify persisting
controversies in the technique of cesarean section.
Conflict of interest There is no actual or potential conflict of
interest in relation to this article.
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