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Preface

It is estimated that 1.2 million caesarean sections are performed in the United States 
each year, accounting for 31.7% of all births. In most European countries, the rate 
of caesarean delivery also exceeds 30%. The medical effects of this phenomenon 
remain unclear.

Factors that contribute to the increased frequency of C-sections include improved 
technical performance combined with increased security, reduction of maternal 
mortality rates (estimated at 6–22 women per 100,000 operations), and an overall 
significant decline in the frequency of forceps delivery.

The increased frequency of primary caesarean incisions has led to an increased 
number of pregnant women with previous C-sections despite a moderate increase 
in the rate of vaginal delivery after caesarean delivery.

The estimated total percentage of caesarean deliveries in women older than 35 years 
is 35%, according to a study by the World Health Organization (WHO). The study 
certified an increase in the frequency of caesarean births in both primigravidae and 
multigravidae. Full-term pregnancies with a head presentation in women without 
previous C-section accounted for 60% of births, whereas pregnancies in women 
with previous C-section accounted for 11.4% of births. Primigravidae with a head 
presentation with spontaneous or induced labor accounted for 15.3% and 18.3% 
of births, respectively. The tendency to have a fewer number of children led to a 
greater percentage of primigravidae who are at increased risk for caesarean section. 
The widespread application of assisted reproduction methods has led to increased 
rates of twin (35%) and multiple (77%) pregnancies and thus an increase in the 
percentage of C-sections.

According to meta-analyses, the use of cardiotocographic monitoring of the 
fetoplacental unit led to a 20% increase in the frequency of cesarean sections. Two 
studies of low-risk pregnancies found that the frequency of C-sections doubled 
with continuous cardiotocographic monitoring. This is due to an overestimation of 
the records regarding the presence or absence of perinatal asphyxia.

Several blind studies have compared C-section rates after induction or waiting 
in prolonged pregnancies without fully documented findings and without 
significant differences. There are several studies that show that induction of labor 
is associated with a significant reduction in the frequency of C-sections compared 
to adherence to waiting. However, these studies focused mainly on pregnancies 
> 41 weeks or those that were high risk. Several researchers have investigated 
whether the adoption of a regular induction of labor between 37 and 38 + 6 weeks 
is associated with a reduction in the frequency of stillbirths, but results have been 
conflicting. However, there is a trend that supports the view that the induction of 
childbirth between 39 and 40 weeks of pregnancy helps to reduce the incidence  
of stillbirths.

XII



Preface

It is estimated that 1.2 million caesarean sections are performed in the United States 
each year, accounting for 31.7% of all births. In most European countries, the rate 
of caesarean delivery also exceeds 30%. The medical effects of this phenomenon 
remain unclear.

Factors that contribute to the increased frequency of C-sections include improved 
technical performance combined with increased security, reduction of maternal 
mortality rates (estimated at 6–22 women per 100,000 operations), and an overall 
significant decline in the frequency of forceps delivery.

The increased frequency of primary caesarean incisions has led to an increased 
number of pregnant women with previous C-sections despite a moderate increase 
in the rate of vaginal delivery after caesarean delivery.

The estimated total percentage of caesarean deliveries in women older than 35 years 
is 35%, according to a study by the World Health Organization (WHO). The study 
certified an increase in the frequency of caesarean births in both primigravidae and 
multigravidae. Full-term pregnancies with a head presentation in women without 
previous C-section accounted for 60% of births, whereas pregnancies in women 
with previous C-section accounted for 11.4% of births. Primigravidae with a head 
presentation with spontaneous or induced labor accounted for 15.3% and 18.3% 
of births, respectively. The tendency to have a fewer number of children led to a 
greater percentage of primigravidae who are at increased risk for caesarean section. 
The widespread application of assisted reproduction methods has led to increased 
rates of twin (35%) and multiple (77%) pregnancies and thus an increase in the 
percentage of C-sections.

According to meta-analyses, the use of cardiotocographic monitoring of the 
fetoplacental unit led to a 20% increase in the frequency of cesarean sections. Two 
studies of low-risk pregnancies found that the frequency of C-sections doubled 
with continuous cardiotocographic monitoring. This is due to an overestimation of 
the records regarding the presence or absence of perinatal asphyxia.

Several blind studies have compared C-section rates after induction or waiting 
in prolonged pregnancies without fully documented findings and without 
significant differences. There are several studies that show that induction of labor 
is associated with a significant reduction in the frequency of C-sections compared 
to adherence to waiting. However, these studies focused mainly on pregnancies 
> 41 weeks or those that were high risk. Several researchers have investigated 
whether the adoption of a regular induction of labor between 37 and 38 + 6 weeks 
is associated with a reduction in the frequency of stillbirths, but results have been 
conflicting. However, there is a trend that supports the view that the induction of 
childbirth between 39 and 40 weeks of pregnancy helps to reduce the incidence  
of stillbirths.



IV

Caesarean section is a surgical procedure that should be done only when clinically 
indicated, as it can lead to potential consequences such as infection, thrombosis, 
bleeding, emergency hysterectomy, persistent pelvic pain, infertility, and even death.

Active birth control is mainly used to reduce cesarean sections. However, epidural 
analgesia may increase the frequency of CS (13% vs. 8% in the United States).

The passage of the newborn through the mother’s vagina, skin contact after 
childbirth, and breastfeeding give the newborn the opportunity to colonize with 
the beneficial germs of the mother. Their penetration into the digestive system 
of the newborn contributes to the creation of normal intestinal flora as well as 
the activation of the newborn’s defense system with the possibility of maximum 
development. Microbes that a mother does not have are dangerous to the newborn. 
When a field of labor is sterile, such as in caesarean section, the newborn will 
be colonized by the first germs it comes into contact with, which are not those 
of the mother. From a microbiological point of view, the newborn needs to be in 
contact with a single person, the mother.

If a neonate is born by caesarean section, it is possible to alternate the “host” of the 
microbiome, which is of great importance in the transfer of beneficial bacteria from 
mother to neonate during birth, since the first microbiomes to be colonized are 
hospital germs, for which the newborn has no antibodies at all. This immune system 
dysfunction and changes in metabolism, scientists believe, are responsible for 
the development of diseases. Population studies have shown that infants born via 
C-section have a 20% increased risk of developing asthma, type 1 diabetes, obesity 
in adulthood, and a slightly lower risk of developing gastrointestinal disorders 
such as Crohn’s disease or celiac disease (gluten intolerance). Consequently, the 
infant born via C-section does not develop an immune system like that of an infant 
delivered vaginally.

Literature confirms that vaginal delivery allows the newborn gastrointestinal 
tract to be colonized by maternal bacteria, whereas cesarean delivery results in the 
neonatal gastrointestinal tract being colonized by hospital bacteria. Given that 
the gastrointestinal tract is where immune cells mature, its invasion by foreign 
microbiomes has a decisive effect on the pancreas and the physiology and pathology 
of the infant’s immune system.

Scheduled cesarean section is usually performed between 37 and 40 weeks, which 
is considered full-term, although research has shown that many newborns of this 
age are not yet mature and may have serious health problems. A study of 13,258 
newborns from 12 hospitals (35.8% delivered at 39/40 weeks, 6.3% delivered at 37/40 
weeks, and 38.4% delivered at 38/40 weeks) showed that newborns born between 
37 and 38 + 6/40 weeks developed respiratory problems and hypoglycemia. They 
also exhibited low levels of catecholamines, on average five times less compared to 
newborns delivered vaginally. Most were admitted to the neonatal intensive care 
unit, so it is best to schedule a cesarean section for no earlier than 39 weeks when 
possible. It appears that C-section after completion of the 39th week of pregnancy is 
associated with a decrease in maternal and neonatal morbidity, at least in relation to 
certain parameters.

Although a caesarean section is considered safe, there are some risks, including 
increased maternal morbidity and mortality, blood loss, neonatal respiratory 
distress syndrome, neonatal injuries, joint dystocia, Joint dystocia sometimes 

V

occurs in association to C-section due to the position of the embryo and placental 
abnormalities. Thus, avoidance of C-section is safe, there are some risks, including 
increased maternal morbidity and mortality, blood loss, neonatal respiratory 
distress syndrome, neonatal injuries, joint dystocia, and placental abnormalities.

The role of the obstetrician-gynecologist is to responsibly and objectively inform 
the pregnant woman about any special conditions of the specific pregnancy and 
any relevant scientific guidelines. It is also important to inform the pregnant person 
of the possibility of caesarean section as well as associated risks and potential 
effects on future pregnancies and deliveries. Ultrasound plays an important role in 
the decision to avoid or perform a caesarean section in time for the benefit of the 
mother and fetus.

I would like to thank all the authors who contributed their work to this volume.
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Chapter 1

Second Stage Cesarean Section
Jayaraman Nambiar and Thiencherry Rema

Abstract

The incidence of second stage cesarean section is on the rise. Second stage 
cesarean section is associated more chances of maternal and fetal injury. Though 
various techniques are mentioned to deliver the fetal head in second stage cesarean 
section, the “pull” method is associated with lesser complications. It is important 
to train Obstetricians in second stage section as it needs extra skill to deliver a 
deeply engaged head. Judicious use of oxytocin and assisted vaginal deliveries may 
decrease the need for second stage cesarean section.

Keywords: Cesarean section, second stage, assisted delivery, vacuum, forceps,  
pull method

1. Introduction

Incidence of second stage cesarean section is increasing. Its technically difficult 
to deliver a head which is deeply impacted inside the pelvis. Its associated with 
maternal trauma and sometimes even fetal trauma. The purpose of this chapter is 
to analyze various methods that are used to deliver the head in second stage section. 
The chapter also deals with complications of second stage cesarean section and its 
management.

2.  Complications associated with second stage cesarean section 

Incidence of cesarean section is increasing throughout the world, so is the second 
stage cesarean section. There is a steady increase in the incidence of Cesarean 
Section. A 10-year study showed a rising incidence of Cesarean section at full dilata-
tion, and currently, the incidence of second stage Cesarean section is around 2% [1]. 
Unexpected complications, like unsatisfactory progress or fetal distress, may occur 
in the second stage of labour. Second stage section is usually done for CPD or fetal 
distress. With fewer Obstetricians not using assisted vaginal deliveries, the incidence 
of the second stage is increasing. Management of delay in the second stage requires a 
lot of skill and judgment. To deliver a head which is deeply impacted in the pelvis is 
difficult. Opting for a vaginal delivery with assistance requires considerable skill and 
judgment. In general, fewer people attempt assisted vaginal deliveries now. More and 
more cases are taken for a section rather than difficult assisted deliveries. Within the 
national maternity hospital in Dublin in a center with more than 9000 deliveries per 
year, While the cesarean section incidence has increased from 18.3% to 23.5% from 
2005 to 2014, there is a sharp decline in assisted vaginal deliveries from 14–11% [2]. 
In the year 2014, there were 8000-second stage cesarean section in the UK [3].
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Second stage Cesarean sections are associated with more complications than 
first stage cesarean sections. Cesarean section done at full dilatation of cervix 
with head deeply engaged in the pelvis is a potential risk factor for maternal and 
fetal injury. Second stage cesarean section is associated with more genital trauma 
and perinatal morbidity. Second stage cesarean sections can be related to trauma, 
bleeding, peripartum Hysterectomy. Analysis of second stage complications ere 
studied by V M Allen et al. in a study in 2005. They looked at the difficulties associ-
ated with second stage sections over five years. A total of 549 cases of second stage 
sections. Incidence of intraoperative trauma was 6.4%, and two patients underwent 
peripartum Hysterectomy. 57(4.7%) of cases had early postpartum bleeding. 
9(1.1%) subjects had postoperative febrile morbidity. The relative risk of maternal 
trauma is 2.6, and perinatal Asphyxia was 1.5 in the above study by V M Allen at al 
[4]. In a study by Murphy et al. Second stage sections were associated with more 
chances of bleeding. Out of 209 women who underwent section in the second 
stage, 20(10%) had bleeding more than 1000 mL. Almost 50 (24%) of cases had 
extension of the cesarean wound after the second stage section [5].

Newborn injuries are more common following assisted vaginal deliveries than 
sections. Incidence of newborn trauma was (22% of 184 deliveries in Cesarean 
section versus 9% of 209 assisted vaginal deliveries). Severe fetal injuries, like 
Brachial plexus trauma, was also more common following operative vaginal deliv-
eries [4]. Operative trauma like intracranial hemorrhage is also more common 
following operative vaginal deliveries. The incidence of intracranial bleeding was 
1 of 860 infants delivered by vacuum extraction, 1 of 664 delivered using forceps 
and 1 of 907 delivered by cesarean section during labour [6]. Hence avoiding a 
difficult assisted vaginal delivery will decrease the incidence of severe fetal trauma. 
However, neonatal complications like Asphyxia and intensive care admissions are 
more common in second stage sections. Reduced Apgar scores and lower umbili-
cal artery pH was 11 per cent in women who underwent cesarean section at full 
dilatation versus 6% among women who underwent vaginal assisted delivery [4]. 
However, this may be due to prolonged labour and may not be directly related to 
delivery mode. There was no significant neurodevelopmental delay between babies 
delivered by assisted vaginal delivery and Cesarean section when followed up for 
five years. The overall incidence of neurodevelopmental delay was low [7].

Since the Cesarean section at full dilation is associated with increased maternal 
and neonatal morbidity every attempt should be made to reduce the second stage 
cesarean section. Judicious use of Oxytocin and monitoring of labour by partogram 
may reduce the incidence of second-stage cesarean section. A senior consultant 
obstetrician’s presence can result in more vaginal deliveries and can reduce cesarean 
section at full dilatation [8]. Instrumental delivery is more likely to fail in occiput 
posterior position than anterior positions. Hence a careful vaginal examination and 
use of ultrasound should determine the position of the head before attempting an 
instrumental delivery [9].

3. Technique of delivering a deeply engaged head

Impaction of the fetal head occurs when the station of head is below the level 
of ischial spines, and then onwards the delivery of the head becomes difficult. A 
deeply engaged head is hard to deliver and can cause difficulty [10]. A careful vagi-
nal examination should be done before Cesarean section to ascertain the findings.

The incision that preferred for second stage cesarean section is Joel-Cohen 
incision. This is an incision 3 cm above the public symphysis. It is associated with 
lesser operating time [11]. When performing cesarean section in the second stage, 
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a higher incision is preferred on the Uterus. Blunt dissection of Uterus with fingers 
is associated with lesser blood loss than sharp dissection using scissors [12]. An 
incision lower in the Uterus may be associated with more chances of injury and 
extension of the uterine incision. Chances of bladder injury are more likely if the 
incision is lower. With a lower incision, sometimes inadvertent delivery through 
the vagina may also occur. Hence, it is always better to put an incision higher in the 
lower segment during the second stage sections. The fetal head is deeply impacted 
in the second stage of labour and delivering poses a challenge. The Uterus is a state 
of contraction, and Oxytocin infusion should be stopped before taking the patient 
for cesarean section. There is no evidence that Nitroglycerin relaxes the Uterus 
[13]. Moreover, the use of uterine relaxants may be associated with more chances of 
postpartum bleeding. There is no evidence that the use of tocolytics ease the deliv-
ery at second stage cesarean section [14]. Sometimes if constriction ring dystocia is 
suspected a low vertical incision may be used in the lower segment. A vertical lower 
segment incision has a risk of extension on to the bladder or upper uterine segment. 
It may be associated with higher chances of rupture in subsequent pregnancies. The 
only advantage of a vertical lower segment incision is that there are lesser chances 
of extension laterally into the broad ligament area.

Deepening the plane of aesthesia may help to disengage the fetal head. Upward 
pull of fetal shoulder may help to disengage the fetal head. The operating hand 
should be placed in a cup-shaped fashion and delivered to the fetal head. This con-
ventional method of delivering the head as cephalic without assistance may result in 
the uterine wound’s extension and is dangerous when the head is deeply engaged in 
the pelvis. Hence, it would be advisable to resort to one of the two commonly used 
“pull” or “push” method techniques. In the “push” method head is pushed from 
below. In the “pull” the baby is delivered as breech using a reverse breech extraction. 
A head low position may help the delivery of the deeply engaged head.

When the push method is used, the patient should be in semi lithotomy posi-
tion. There is a risk of introducing infection into the uterine cavity, and all aseptic 
measures should be taken. Pressure should be uniform over the fetal head, and 
stress at any one point on the fetal head must be avoided. Flexion should be main-
tained while pushing the head up. Steady pressure applied by the operating surgeon 
abdominally on fetal shoulders may help ease fetal head delivery during the push 
method [15].

In the pull method baby is delivered as breech. One or both feet are caught and 
delivered. There is flexion of the thoracolumbar spine and head is lifted out of 
pelvis by a pull on the feet. This is called a “reversed breech extraction” of the baby. 
In the revere breech extraction by pull method, the risk of injury to surrounding 
structures was much less than the push method, especially in cases with cephalo 
pelvic disproportion [16].

Patwardhan’s maneuver is a useful maneuver in the delivery of a deeply engaged 
head. If the back is anterior, one arm is delivered followed by other arm, and then 
the trunk is delivered. Finally, the legs are pulled out. If the back is posterior one 
arm followed by same side leg, other side leg and arm are delivered. In a study by 
Lal et al. in India, the Patwardhan’s maneuver was associated with significantly 
fewer chances of injury and lesser need for blood transfusion [17].

The pull method has been shown to have better outcomes compared to the push 
method. In a study done in Nigeria, the pull method was associated with better 
results than the push method. The pull method was associated with lesser blood loss 
than the push method (1257 ml versus898 ml) and lesser uterine wound extension 
(33% versus 11%). Though the incidence of low Apgar scores was lesser in the pull 
method, there was no increase in neonatal morbidity or death between groups [18]. 
Levy et al. in a study compared both pull and push method. There were 48 cases 
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of difficult extraction of the head. When the pull method used, the incidence of 
extension of uterine incision was 15% compared to 50% when pushing method as 
used. Also, the incidence of postpartum fever was only 5% in the pull method and 
was very high (46%) when the push method was used. Hence the pull method of 
delivering the head appears safer than the push method [19].

The fetal head can get deeply impacted in pelvis following attempted vaginal 
delivery, especially with vacuum application and delivery, may be extremely dif-
ficult. The use of the pull method here is associated with less trauma than the push 
method [20].

Many other techniques which are not validated have been described for deliver-
ing a deeply engaged head. Use of Whitmore position where the legs are abducted 
and hips flexed at 135 degrees has been tried in the second stage section [21]. Use of 
non-dominant hand to lift the presenting part and use of low patient bed are other 
techniques that may facilitate a deeply engaged head. However, these techniques are 
not validated scientifically and need more studies.

Fetal disimpacting system is a silicon device that is placed in vagina and filled 
with saline, elevating the fetal head. It can elevate the head by 3 cm. Initial reports 
are promising and may be of help in delivering a deeply impacted head [22]. In 
a study done in India by Subartha L Seal et al., the incision to delivery was much 
shorter when a fetal pillow was used (297.2 ± 27.1 seconds when fetal pillow as not 
used versus 176.5 ± 14.0 seconds when fetal pillow was used). Significant uterine 
extension occurred more frequently 39/120 when fetal pillow was not used, and it 
occurred only in 6/120 cases when fetal pillow was used. Fetal pillow may be a pos-
sible alternative to other methods that can be of help deliver the fetal head [23].

C-snorkel is a soft, malleable tube with holes and can be placed between the 
vagina and the fetal head. Aeration through the tube can help to disengage the fetal 
head. There are no adequate trials with this equipment [24].

There is a need for adequate training in second stage sections. Second stage 
sections often happen in odd hours, and help from senior faculty may not be 
available. There is an urgent need of training a junior faculty in training for second 
stage sections.

4. Managing complications associated with second stage sections

Second stage sections may be associated with many complications. Extension 
of uterine incision and bleeding is one of the most typical difficulties in the second 
stage section. The deeply engaged head, lack of amniotic fluid and the thinned out 
lower segment predispose uterine wound extension during delivery. It is important 
to make an adequate incision on the abdominal wall. The loose fold of peritoneum 
should be picked up incised, and upper limit of the bladder should be identified to 
avoid injury to the bladder. The incision on the Uterus may be placed relatively at a 
higher level to prevent uterine incision extension. A careful delivery of head using a 
“push” or “pull” technique should be used. Extension of the lower segment uterine 
incision is one of the most typical injuries during a section. The chances extension 
of the uterine incision is directly proportional to the length of the second stage 
of labour. The uterine wound extension as 25% if the second stage of labour was 
1–3 hours and increasing to 32% if the duration of the second stage of labour was 
4–5 hours. Uterine wound extension commonly occurred into the lower segment, 
followed by the cervix [25]. If the incision has extended the edges of the incision 
should be identified and sutured. If there is excess bleeding Uterine artery ligation 
or internal iliac artery ligation may need to be done. Uterine artery ligation is done 
by passing an absorbable suture material like No 1 Polygalactin suture through the 
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myometrium medial to the Uterine artery. The suture is brought forward through 
an avascular area through the anterior and posterior wall of the broad ligament and 
sutured. Internal iliac artery ligation may be needed in cases where there is severe 
bleeding. When all measures have failed, sometimes Hysterectomy may be required 
in the extreme extension of Uterine incision. In rare instances of lateral extension 
of uterine incision, sometimes ureters may be injured and wise to help a Urologist 
repair these injuries.

Bladder injuries can sometimes occur during the second stage cesarean section 
due to extension. The torn bladder edges should be identified and sutured in 2 
continuous layers by 3.0 or 4.0 delayed absorbable sutures. The bladder should be 
drained continuously for 2 to 3 weeks with continuous bladder drainage. If there is 
suspicion of injury to ureteric orifices, help should be taken from urologist to repair 
the defect.

Occasionally when the section is done in the second stage of labour, the baby 
may be delivered accidentally through an incision on the vagina. Hence it is essential 
to identify the lower segment and correct incision to deliver the baby through the 
lower uterine segment [26].

Patients who underwent Cesarean section in the second stage may be at 
increased risk of preterm labour in subsequent pregnancies [27].

5. Conclusion

Cesarean sections rates are increasing so is the increase in second stage cesar-
ean sections. Judicious use of Oxytocin and monitoring may help to reduce the 
incidence of second-stage cesarean sections. Second stage cesareans sections are 
associated with complications like bleeding and other maternal tissue injuries. 
Currently, the pull method of delivering the head seems to be associated with fewer 
complications than the push method. Obstetricians must get trained for second 
stage cesarean section.
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Abstract

Twin pregnancies are categorized according to three factors, zygosity, 
chorionicity and amnionicity. Dizygotic twins are always dichorionic and 
diamniotic, where each twin has its own chorionic and amniotic sac. Monozygotic 
twins account for 1/3 of twin pregnancies and show higher morbidity and 
mortality. In monozygotic twins, chorionicity and amnionicity are determined by 
the time of zygote division. Chorionicity and amnionicity determine the risks of 
twin pregnancy. Morbitidies are shown notable decreasing tendency depending 
on improving of high risk obstetric and neonatal care, however is still discussed 
the optimum labour management in twin pregnancies Vaginal delivery in twin 
pregnancies is possible when both have cephalic presentation and in the late weeks 
of pregnancy during which the risks of prematurity are minimized. The aim of 
this review was the assessment and evaluation the impact of the labour modus and 
timing of termination of twin pregnancies due to rise of their occurrence based on 
scientific aspects of the new published literature on perinatal outcome.

Keywords: twin pregnancies, modus of terminating births, perinatal outcome

1. Introduction

The definition of multiple pregnancies describes the presence of more than one 
fetus in a single pregnancy. Usually the reference to multiple pregnancies refers to 
twins, which means that two fetuses coexist in the same pregnancy in one uterus. 
Twin pregnancy results from the fertilization of two ova from a corresponding 
sperm (dizygotic twins) or from the fertilization of an ovum after separation of the 
resulting zygote with the final result of the creation of two embryonic monozygotic 
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twins. Each fetus is surrounded by two membranes, one external (well known as 
chorionic) and one internal (well known as amniotic). Possibly, more than two 
embryos will be created in multiple pregnancies, but the more there are, the less 
likely to survive in the future. The frequency of multiple pregnancies in the human 
species can be calculated based on Hellin’s rule and therefore the following data 
emerge: for twin pregnancy 1: 85 (1.18%), for triple pregnancy 1:852 (0.013%) and 
for quadruple pregnancy 1:853 (0.0061%) [1–4].

The 2/3 of them are polygenic pregnancies and 1/3 are monogenic pregnancies. 
Regarding twin pregnancies, about 70% are dizygotic and 30% are monozygotic 
twins. The incidence of multiple pregnancies has generally increased in recent years 
from 1/100 to 1/60–1/70 births. The exact frequency of twins is very difficult to 
determine because in the first trimester they have a high frequency of miscarriages, 
much higher than single pregnancies and compared to that in the third trimester of 
pregnancy to be doubled. Spontaneous abortion of one twin without affecting the 
other is often asymptomatic. While the frequency of monogenic pregnancies does 
not depend on the race, heredity, age of the mother, as well as her ability to fertilize 
after administration of drugs to induce ovulation, the frequency of polygenesis is 
influenced by the above factors [1–4]. Twin pregnancies account for 1% to 3.5% of 
total births and have a 15% perinatal mortality rate. In Greece, the incidence of twin 
spontaneous pregnancies is about 1% and in women with IVF is about 25%. The 
percentage of perinatal mortality in the US has been declining from 12.6% in 1980 
to 6.8% in 2001, a decrease of 46%. According to the literature, about 50% of twin 
pregnancies are associated with prematurity and low birth weight. Compared to 
single pregnancies, twin pregnancies have four times the risk of perinatal mortality, 
while in triple and upper multiple pregnancies there is up to nine times the similar 
risk. Especially in adolescent twin pregnancies and twin pregnancies in women over 
35 years are 46.28% and 16.68% respectively [1–8].

1.1 Epidemiology

The frequency of monozygotic twins is 3.5/1000 to 4/1000 births or 0.4% of 
pregnancies completely stable regardless of the mother’s age, race and heredity is 
determined by the analysis of the morphology of the placenta or genotype. The 
dizygotic twins affected because of follicular growth by levels of follicle stimulating 
hormone FSH, and luteinizing hormone LH affected by racial hereditary factors. 
The fluctuation rates of the twin pregnancies considered to be due in dizygotic 
twins, since monozygotic twins have stable effect 3.5/1000 to 4/1000 births. The 
frequency of dizygotic twins is associated with multiple ovulation heredity and 
shows high geographical variation. The incidence of spontaneous twin pregnan-
cies varies around the world, with rates ranging from 8/1000 to 17/1000 births. 
In particular, it ranges from 57/1000 in Nigeria, 12/1000 in the United Kingdom, 
12.4/1000 in Scotland, 4/1000 in Japan. In particular, in the USA there was an 
increase of 65% from 68339 in 1980 to 125134 in 2002. In particular the twins 
have a fivefold increased incidence in various parts of Africa as a whole of 1/50 or 
16/1000 pregnancies, due to high levels of gonadotropins, about half the incidence 
in Asia 1/150 averaged 3/1000 pregnancies in particular in the yellow race Japanese 
2.4%. The incidence of twin pregnancies is in the white race 1/90 or 8/1000 
 pregnancies [9–12].

Twin pregnancies are more common in older mothers. There is a positive 
correlation between increased maternal age and increased FSH secretion. There 
is an approximately 2% increase in women over 35 years old due to increased FSH 
levels after 37 years (twin decrease and increase in miscarriages in high interest 
rates) 2% increase after the fourth pregnancy, regardless of age and frequency of 
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contact. There is an increase from adolescence to 39 years per year 0.8% per sub-
sequent pregnancy and then a sharp decline, increased rate of uterine anomalies 
(1:20) [12–14]. The rate of spontaneous conception is increased due to increased 
FSH and LH during the summer months with a corresponding reduction in win-
ter. Worldwide, the incidence of twin pregnancies is 1/80, which may be due to 
different levels of gonadotropins. Women with dizygotic twins have statistically 
significantly increased serum FSH levels during the early follicular phase, as well as 
an increased rate of FSH release during impulses. With regard to twin pregnancies, 
there is a direct correlation with the mother’s ethnicity, while on the other hand, 
the father’s ethnicity does not affect. In addition, the probability of giving birth to 
twins is affected by the heredity of the parents, at a rate of 2% on the part of the 
mother and 0.8% on the part of the father. The various toxic substances present in 
water and food are also dynamic factors that play a role in the frequency of dizy-
gotic twins. Regarding this fact, in 1988 there was an increase of twins from 3‰ to 
20‰ in areas contaminated with polychlorinated hydrocarbons. Finally, in cases 
of twin pregnancies after in vitro fertilization, 85% of them are dizygotic and 15% 
monozygotic. The incidence of twins in developed countries is higher than normal 
due to assisted reproduction methods (IVF, induction of ovulation)) [12–14]. 
The incidence of twin pregnancies after widespread use of assisted reproduction 
has increased significantly. From 1/80 pregnancies nearly the frequency has been 
tripling. Particular the percentage of twin pregnancies using the “in vitro fertiliza-
tion” (IVF) or“ intra cytoplasmic sperm injection” (ICSI) is 18–53%, while with 
the use of insemination and of controlled ovarian overstimulation (IUI - COH) 
with induction of ovulation is 6.8% to 11.7% [10–18]. Most twins resulting from 
assisted reproduction are dizygotic. Significant is the increase in the frequency of 
twins from 10/1000 births in 1980 to an average of 20/1000 births with the help 
of assisted reproduction methods. A total of 25% of pregnancy and 1/64 in the 
United Kingdom are the result of assisted reproduction methods) [14–18]. The 
incidence of assisted reproductive twins can be significantly reduced depend-
ing on the use of the embryo selection method and the selective transfer of an 
embryo. However, the incidence of monozygotic twin pregnancies after assisted 
reproduction is higher compared to spontaneous monozygotic twin pregnancies. 
The incidence of monozygotic twin pregnancies due to assisted reproduction is 
0.9%. According to bibliographic sources, blastocyst transfer and maternal age 
(under 35 years) are associated with an increased risk of both either monozygotic 
or monochorionic twins after IVF [10–22]. According to literature reports the risk 
of miscarriage in the first trimester is 43% in twins after spontaneous conception, 
51% after assisted reproduction while the respective risk rates of miscarriages are 
19% and 21% [10–22]. Twin pregnancy is the result of fertilization of 2 eggs from 
2 sperm (dizygotic twins 1.2% of pregnancies) or the division of a fertilized egg by 
the separation of the zygote into 2 separate entities, forming two embryos that can 
develop individually (monozygotic twins: 0.4% of births or 4/1000 births) [10–22]. 
The incidence of monochorionicity due to IVF is 3.2% [10–22]. The percentage of 
monozygotic twins is stable, in contrast the percentage of dizygotic twins depends 
on race, various genetic factors, mother’s age, endogenous gonadotropins, sex fetus 
and the use of assisted reproduction methods [10–22].

2. Diagnosis

Imaging of the chorion from 5 to 6 weeks after LMP (Last Menstrual period).
Imaging of the fetal poles from the 7th week after LMP.
Fetal heartbeat from the 7th week after LMP.
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and in transvaginal ultrasound we have:
Imaging of the chorion from the end of the 4th week after LMP.
Imaging of the amniotic sacs from the 5 ‘week after LMP.
Imaging of fetuses from the end of the 6th week after LMP.
Fetal heart rate from the 6th week after LMP.
Ultrasound monitoring of a twin pregnancy has two main objectives: to 

determine the chorionicity and zygosity of the pregnancy due to the higher risk of 
conceiving a chromosomally abnormal fetus compared to single pregnancies, the 
risk of twin-twin transfusion syndrome and intrauterine growth restriction.

In particular, the determination of chorionicity that is easier between 11 and 
13 weeks (identification of placental points L and T, number of amniotic sacs) is 
a prerequisite for monitoring twin pregnancies, early detection FFT syndrome, 
screening for congenital abnormalities. It is often difficult to diagnose monoam-
niotic twins because it is difficult to visualize them due to the small thickness of 
the membrane or in cases of oligamnion. The existence of entangled umbilical 
cords confirms the existence of a single amniotic cavity. The estimation of the 
thickness of the diaphragm has 83% prognostic value for dichorionic pregnancy, 
in cases of thin membrane 83% prognostic value for monochorionic diamniotic 
pregnancy. In dichorionic pregnancies, two placentas are visualized but in 
monochorionic pregnancies when two layers are detected during the examination 
of the diaphragm, then these are monochrorionic diamniotic pregnancies, if they 
are four layers then these are dichorionic diamniotic pregnancies. Ultrasound 
examination in twins with a single placental mass in the presence of a triangular 
protrusion of the placental tissue, a peak sign of a twin pregnancy or a lambda 
or a double apex indicates the existence of two placentas therefore a dichorionic, 
diamniotic pregnancy. In cases of non-detection of the lambda point but certifi-
cation of the T sign at the membrane entrance, it indicates monochorionic twin 
pregnancies. In monochorionic placentas the selective discontinuation of one 
twin leads to an increase in thromboplastin and poses a risk of amniotic fluid 
embolism for both the other fetus and the pregnant mother. Fetuses of differ-
ent genders are always dichorionic and diamniotic. The initial measurements 
of twin fetuses based on Crown-rump length (CRL) and nuchal translucency 
do not differ from those of single pregnancies. Amniocentesis is the method 
of choice in many cases. The rate of spontaneous abortion after amniocentesis 
does not differ in twin pregnancies achieved by assisted reproduction methods 
compared to those achieved by spontaneous conception. In pregnancies achieved 
through assisted reproduction technology, there are high levels of β-HCG with 
an increased rate of premature maturation and also an increased rate of placental 
abnormalities, as well as a vaginal spotting. Twin pregnancies have a higher rate 
of aneuploidy [22–30].

2.1 Monitoring of multiple pregnancy

Chorionicity should be determined on the first ultrasound at the first visit. 
Possible prenatal screening problems should be highlighted, several visits are neces-
sary for intensive monitoring of both the pregnant mother and the fetus.

2.1.1 Frequency of visits

2.1.1.1 Monochorionic/diamniotic twins

Every 2 weeks until the 16th–24th week of pregnancy in order to exclude TTTS. 
Especially, during 18th week of pregnancy it should be performed for a detailed 
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examination of fetal development and during 22–24 weeks of pregnancy for a 
detailed fetal heart ultrasound. After 24th week, until 32nd week of pregnancy, 
it should also be performed every 2 weeks, and after 32nd week of pregnancy it 
should be performed every week until the time of delivery, in order to evaluate in 
time the possible pathology of the intrauterine fetal development.

2.1.1.2 Estimated fetal weight (EFW)

A difference of estimated fetal weight between 2 embryos less than 25% is 
considered to be normal.

2.1.1.3 Monochorionic/monoamniotic

The frequency of visits for these twins is mainly determined by the course of the 
pregnancy and the follow-up should be more frequent because of the fact that the 
possible complications occur at higher rates, including TTTS and umbilical cord 
compression [22–30].

2.1.1.4 Dichorionic

18 weeks detailed fetal development test.
22–24 weeks detailed fetal heart ultrasound.
Every 2 to 4 weeks from the 24th to the 32nd week and every week until the birth 

to assess intrauterine development pathology in a timely manner.
EFW A difference of less than 25% between the EFWs of the two fetuses is 

considered normal.
Regular testing for hypertension (preeclampsia) should be done to avoid 

intravenous medication. The early diagnosis of gestational diabetes mellitus is done 
with increased glucose curve (increased complications in multiple pregnancies).

During these visits, weight gain, blood pressure and changes in the cervix 
(ultrasound or vaginal examination) should be carefully recorded.

In addition to the amniotic fluid index (AFI), important Doppler ultrasound 
indicators are: Doppler flow rate tachycardia (UA), umbilical artery pulse index 
(UAPI), middle cerebral artery Doppler, venous duct (DV) [22–30].

2.2 Complications of twin pregnancy

2.2.1 Maternal complications

Maternal complications in multiple pregnancies occur at higher rates compared 
to single pregnancies.

2.2.1.1 Hyperemesis

Hyperemesis appears due to increased placental mass and increased β-HCG 
levels. It is increasing and is a previous complication.

2.2.1.2 Preeclampsia

Compared to a single pregnancy, when there is an increased chance of pre-
eclampsia, it doubles and quadruples. Atypical preeclampsia without hyperten-
sion is also common, but with hepatic and renal disorders. The incidence rate is 



Current Topics in Caesarean Section

16

8.1% in dichorionic embryos, 6% in monochromatic ones, while respectively it is 
only up to 5% in single pregnancies. If other aggravating factors coexist, such as 
advanced maternal age of first pregnancy and BMI ≥35 Kg/m2, then 75 mg aspirin 
is recommended.

2.2.1.3 HELLP syndrome

As an acute fatty liver of pregnancy reaches a 9% incidence in twin pregnancies, 
in contrast to a single pregnancy it is only 0.9%.

2.2.1.4 Anemia

Anemia particularly iron deficiency anemia due to increased plasma volume 
without being fully explained. Possible cause of hospitalization.

2.2.1.5 Gestational diabetes

The incidence is 14% in twin pregnancies and 8% in single pregnancies.

2.2.2 Bleeding during pregnancy and postpartum bleeding

Low lying placenta or placenta previa are more common in twin pregnancies. 
Placenta abruption is also more common is multiple pregnancy than it is in single 
pregnancies. Twin pregnancies cause uterus overdistention, which results in 
10% of the cases in uterine atony. Umbilical umbilical cord bulging is ten times 
more common in twins than in singleton pregnancies. Velamentous umbilical 
cord insertion is ten times more common in twin pregnancies than in single 
pregnancies.

2.2.3 Other complications

Bleeding (10% risk of uterine atony)
Transfusion
Endometritis
Increased incidence of umbilical cord prolapse (9 times more frequent versus 

single and 8.5% in twin pregnancies)
Solitary umbilical artery (3 times more frequent than single pregnancy)
Velamentous cord insertion (10 times more frequent than single pregnancy)
Increased Morbidity (8 times more frequent versus single) [30–34].

2.2.4 Fetal complications

Preterm labor
Low birth weight
High rate of fetal respiratory distress
Risk of cerebral palsy 4.5 times higher than in single pregnancies
Prematurity, respiratory distress syndrome and neonatal infections are the main 

causes of neonatal mortality.
Selective reduction in dichorionic twin pregnancies is recommended to be 

performed in the 12th week of pregnancy or in the 20th week of pregnancy.
Selective reduction at 12 weeks of gestation the abortion rate is 5% and the 

prematurity rate less than 33 weeks is 6%.
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Selective reduction at 20 weeks the abortion rate is 14% and the prematurity rate 
less than 33 weeks is 20% [31–38].

3. Complications in monochorionic twins

3.1 Pathology of fetal weight develpoment

In about 10% of monochorionic twins, there is an uneven distribution of 
placental tissue between the fetuses and therefore a pathological increase in the 
weight of one fetus from the second trimester of pregnancy.

3.1.1 Twin to twin transfusion syndrome (TTTS)

In the placenta of monochorionic twins there are vessels - anastomoses on 
the surface of the placenta. Through these vessels there is an uneven distribu-
tion of blood between the two embryos, with one embryo receiving much more 
blood than the other. As a result, there is a difference in amniotic fluid, with the 
bigger fetus having increased amniotic fluid and the smaller fetus having very 
little fluid. TTTS observed only in monochorionic twin pregnancies due to the 
existence of vascular anastomoses and therefore common fetal circulation. In this 
syndrome there are intraplacental arteriovenous anastomoses (and more rarely 
arterial–arterial anastomoses without arteriovenous anastomosis), in which the 
blood deviates from one twin (donor) to another (recipient). Its incidence is 4 to 
35% of monochorionic pregnancies and it shows high rates of perinatal mortal-
ity>50%. The diagnosis is ultrasound, usually between 16 and 26 weeks. 1 in 10 
monochorionic twins will develop TTTS syndrome [34–40]. However, vascular 
anastomoses occur in>95% of monochorionic pregnancies. After some time, the 
twin recipient fetus shows great growth for gestational age (macrosomia, organo-
megaly), is profuse and hydropic and shows polycythemia, hypertension, conges-
tive heart failure and hydramnios. The donor shows anemia and hypovolemia and, 
ultrasound, shows growth restriction and oligohydramnios. In TTTS, detected by 
some of the above characteristic manifestations from the first weeks of the second 
trimester, the perinatal mortality of both twins is almost 100%. Along with previ-
ous ultrasound findings, the hydropic placenta was described as the first mani-
festation of TTTS. The intense hydramnios of the recipient could be treated with 
drainage amniocentesis, which may result in>50% survival for both twins. Often, 
a drainage amniocentesis is sufficient but a repeat amniocentesis may be required. 
In recent years, with the help of embryoscopy, laser anatomy of the anastomoses 
is performed. The procedure involves a risk of miscarriage/premature birth at a 
rate of 10–15% within the next 6 weeks of surgery [34–38]. However, after this 
operation, an increased incidence of congenital heart disease was reported in 
both recipient and donor twins. Rarely, there may be similar development of 
twins and a normal amount of amniotic fluid in both sacs. Selective termina-
tion of a pregnancy is one of the possible “therapies.” Ιnterventions (along with 
hydramnios drainage and photocoagulation of anastomoses) with a potentially 
increased risk of other pregnancies from possible embolism. It has been argued 
that the donor’s death will stop the transfusion into the recipient while in the 
recipient killing there is a risk of increased resistance to the vascular network of 
the placenta, which will burden the already anemic donor. Dying of a fetus has the 
most serious risk of diffuse intravascular coagulation (usually after a few weeks). 
An extreme manifestation of TTTS is the presence of a normal anatomically 
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twin donor (“twin pump” [TP]) who usually has a large heart and signs of heart 
failure (resulting in mortality>50%) and “transfuses” blood (with arterial–arte-
rial placental anastomosis). In a cardiac receptor twin (1% of monochorionic 
twin births) that does not have a direct vascular connection to the placenta (twin 
reversed arterial perfusion [TRAP]). The Acardiac twin (AT) recipient usually 
has other, very serious, anatomical abnormalities (Acardiac monster) (may be 
brainless or headless) while the normal fetus (if it survives) after birth usually 
has, remission of signs of heart failure. Transfusion from fetal donor to embryo 
recipient is done through anastomoses especially through arterial artery and less 
venous anastomoses in the placenta. The etiology of TRAP syndrome is reported 
to be either non-conformation of the fetal heart or reversal of blood flow lead-
ing to heart aplasia. In a continuing pregnancy, with TRAP, 1–2 times a week 
ultrasound monitoring of AT is recommended to look for hydrops. With the same 
frequency, Doppler should be performed in the DA to look for abnormalities of 
the umbilical artery, umbilical vein and venous pore. Given the increased risk of 
preterm birth, corticosteroids should be administered between 24 and 34 weeks 
of gestation (WG). As a prenatal treatment, amniotic fluid (due to coexistence 
and hydramnios) was removed in the past, the cardiac duct was removed by 
“caesarean section” (uterine cross-section) or alcohol was administered into the 
umbilical cord of the AT. Today, among other treatments (waiting or delivery), 
an attempt can be made to block the umbilical cord circulation of the cardiac twin 
(BUCCT). In particular, between 18 and 27 WG, BUCCT can be performed using 
laser, bipolar diathermy or the use of “radiofrequency ablation (RFA]), which 
are performed under local anesthesia and administration ofconscious sedation. 
Usually, under ultrasound control, a 2–3 mm fetoscope is inserted into the amni-
otic cavity (). An alternative but less common method is embryonic umbilical 
cord ligation [34–40]. Finally, there is a significant risk of structural abnormality 
in monochorionic twins, with 4% of cases the abnormality concerns only one of 
the two fetuses. TTTS syndrome is a complication that affects only monochorionic 
twins and is the most common cause of fetal loss and disability in monochorionic 
twins. It is characterized by a significant difference in amniotic fluid between the 
two embryos, increased amniotic fluid around the recipient fetus and minimal 
amniotic fluid around the donor fetus. The cause of the development of the syn-
drome is placental vascular anastomoses between the two fetuses. TTTS syndrome 
occurs in the early stages of pregnancy, when delivery is not an option because 
the fetuses are still very premature. Therefore, there is significant mortality and 
morbidity without therapeutic intervention, with possible miscarriage or fetal 
loss of one or both fetuses [34–40].

3.2 Complications in dichorionic twins

3.2.1 Intrauterine growth restriction (IUGR)

In a 20% of dichorionic twins there is a significant difference in their develop-
ment, with one of the fetuses not developing well. Probable cause is placental 
insufficiency in one of the two placentas. This probability is more common when 
the difference in the development of twins exceeds 18–20% [34–40].

3.2.2 Structural anomaly

The risk of structural abnormality does not increase in dichorionic twins. But 
since they are two babies, the chance of a structural abnormality in pregnancy, at 
least in one of the two babies, is twice as high as in a single pregnancy [34–40].
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3.3 Monozygotic twins

They show a high frequency of structural anomalies that are classified into three 
categories.

1. Conjoined twins 1/33000 births monoamniotic monochorionic. It can be 
thoracopagus or omphalopagus. 70% are females.

2. Congenital abnormalities resulting from vascular exchange vascular 
 anastomoses in monochorionic placentation.

3. Acardiac twin in TTTS, frequency of occurrence 1% of monochorionic twin 
pregnancies [34–40].

3.4 Cases of intrauterine fetal death of a twin

The risk of intrauterine fetal death is higher in twin pregnancies compared to 
single pregnancies.

During the ultrasound examination between the 10th and 14th week, the rate of 
fetal loss in single pregnancies is 2%.

4% in dichorionic pregnancies
1% in monochorionic pregnancies
Intrauterine death of both fetuses
in the first trimester 1.6% in dichorionic twins
2% in monochorionic twins
After the 14th week intrauterine death 2% in dichorionic twins
4% in monochorionic twins
Intrauterine death of both 0.2% sequentially
6% in monochorionic twins
Towards the end of pregnancy risk of endometrial death
1/3333 in the 33rd week of gestation
1/313 35 weeks of gestation
1/69 39 week of gestation
1st trimester of pregnancy vanishing twin common phenomenon no effect on 

the other twin.
In pregnancies over 20 weeks of gestation there is intrauterine death of a twin 

5% of all twin pregnancies.
In monochorionic twins acute hypotension is observed anemia ischemia leading 

to morbidity or death of the other.
In pregnancies over 26 weeks of gestation risk of imminent death of a twin so 

there is a need to organize the delivery.
After the death of one twin, administration of corticosteroids to the 

other twin.
Daily checkup of PT, PTT, Platelets and Fibrinogen is needed. Weekly checkup 

of biophysical profile and delivery at 37 weeks of gestation is recommended.
The prognosis of the survivor depends on the chorionicity and less on the 

gestational age at which the uterine death occurred [40–44].

4. Method and time of termination of pregnancy

Abnormal presentations of twins A, B or both are among the common 
complications during delivery. For the delivery, there should be organization in 
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the Maternity Hospital and constant vigilance of Obstetricians, Neonatologists 
and Anesthesiologists, continuous cardiotocographic examination and maximum 
readiness for the execution of a possible emergency caesarean section. The various 
presentations of fetuses in twin pregnancies are.

4.1 Vaginal delivery-ceasarean section

In general, both in single pregnancies and in twin pregnancies, the best way to 
complete delivery is vaginal delivery due to:

1. Development of the newborn’s lungs due to the stress of vaginal delivery and 
therefore less likely to develop pulmonary distress syndrome.

2. In vaginal delivery the bacteria of the normal flora of the mother’s vagina 
settle in the intestine of the newborn and cause activation of the immune 
system of the newborn. In particular, it is suggested by the American Col-
lege that in head presentation, regardless of prematurity, cesarean section 
has no advantage over vaginal deliveries, provided that it was a low-risk 
pregnancy (No pregnancy pathology such as preeclampsia, intrauterine 
growth restriction). Regarding intracranial hemorrhage, cerebral palsy, 
chorioamnionitis there is no influence on the head presentation of the 
method of termination of pregnancy, only correlation is reported with 
the degree of prematurity therefore the gestational age of the newborn. 
In contrast to breech presentation, the rates of cerebral palsy are reported 
to be increased. According to the American College head presentation in 
both newborns there is no difference in morbidity of neonates with vaginal 
delivery compared to neonates born by caesarean section. The views of the 
American College are confirmed by several studies that concern selected 
low-risk pregnancies, aged >35 weeks of gestation with a head presenta-
tion of the 1st fetus that suggest the choice of vaginal delivery of the  
2 fetuses [44–50].

No adverse effects of vaginal delivery were observed with regard to morbidity 
and mortality of the latter even when its projection is not head-on. After the birth 
of the first baby, the presentation of the second is often changed, as a result the 
second twin may have a vertical shape, an abnormal presentation and therefore a 
caesarean section is preferred. The second twin in case of change of presentation 
has an increased risk of perinatal asphyxia and therefore the organization of an 
emergency caesarean section is extremely necessary. Important factors for how to 
complete the birth of twins are:

Presentation of the first twin
Estimated birth weight
In the majority of cases 75–85% the fetus iswith head presentation and if 

there are no risk factors in diamniotic twins’ vaginal deliveryis indicated. The big 
problem is in the second twin, especially when it is not in head presentation, there 
are contradictory data from the literature, while some authors report that there are 
no advantages of caesarean section over vaginal delivery, other authors emphasize 
the risks of vaginal delivery such as increased perinatal morbidity, mortality and 
fetal distress.

Disadvantages of cesarean sections are increased maternal morbidity and 
increased cost of health benefits. In newborns weighing less than 600 gr, or 
in 26 weeks of gestation, vaginal delivery is recommended due to low survival 
rates [48–58].
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Between 600 and 2000 g weight, or in 27–8 weeks of gestation, if the first fetus 
is not in head presentation, then a caesarean section is recommended to avoid 
umbilical cord prolapse and twin interlocking.

If the first fetus is in head presentation should made an effort for vaginal deliv-
ery. If the se fetus is not in head presentation at internal cephalic version should 
attempt immediately and in failure organization of an emergency cesarean section. 
In cases where the second twin is not in head presentation but has a weight of over 
2000 g external cephalic version should attempt and in case of failure internal 
cephalic version should attempt under local anesthesia and in repeated failure 
emergency cesarean section should be done. In cases of weight difference from 
500 g of the weights of the two fetuses cesarean section in monoamniotic twins 
should be performed. Cesarean section is a routine method for termination of labor 
to prevent umbilical cord prolapse and twin interlocking in IUGR, conjoined twins 
or twins with TTTS [55–58].

4.2 Main complications of vaginal twin delivery

Inter-anchoring of twins in a longitudinal lie can occur in either cephalic 
presentations or in breech presentations.

Acute twin-to-twin transfusion syndrome is rare and is associated with changes 
in intravascular pressure along large vascular anastomoses and intrauterine 
pressure during labor, creating a risk of heart failure and exchange transfusion 
between twins.

It is recommended in low-risk twin pregnancies of dichorionic twins a birth 
planning for 37th week and of monochorionic twins for 36th week.

In monochorionic monoamniotic pregnancies, caesarean section is preferred to 
avoid overlapping (1/1000 births). According to the Bibliography the number of 
cesarean sections required to prevent a neonatal death is between 264 and 1451.

The above reports are disadvantageous in terms of their validity because the 
data on how to arrange the birth of the 2nd fetus, the interval between the 1st and 
2nd births as well as the type of obstetric manipulations are missing or insufficient. 
Therefore, the potential benefits to the newborn of a Caesarean section should be 
weighed against the potential short-term and long-term risks of complications from 
the mother.

According to recent data on short-term and long-term maternal morbidity, 
scheduled Caesarean section is not recommended in all low-risk twin pregnancies. 
In contrast, scheduling vaginal delivery in twin pregnancies >35 weeks with a head 
projection of the 1st fetus is a relatively safe and acceptable method, provided that 
staff are experienced in arranging the 2nd fetal delivery.

The way of terminating the labor in twin pregnancies is increasingly troubling 
the modern obstetrician due to the large number of twin pregnancies that result 
from the application of assisted reproduction methods. The frequency of stillbirths 
and perinatal morbidity and mortality are higher in twin pregnancies.

Retrospective studies have shown that caesarean section has the advantage of 
reducing the morbidity of the 2nd fetus [55–58].

Many meta-analyzes of studies comparing selective Cesarean section with 
vaginal delivery do not find an advantage in performing cesarean section. Due to 
the small number of the above studies, more and larger ones need to be carried out. 
Future research should also look at the possible causes of increased stillbirths in 
twin pregnancies as well as investigating the role of chorionicity in the normal or 
non-development of childbirth [55–58].

Due to the dramatic increase in the frequency of Caesarean sections observed in 
recent years and the increase in the frequency of twin pregnancies, and despite the 
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higher risk of perinatal asphyxia compared to single pregnancies, it is suggested by 
many studies near the probable date of delivery. According to most recent literature, 
it is recommended between 37 + 3 and 37 + 5 weeks of pregnancy [55–58].

Nowadays, there is an increase in the frequency of twin pregnancies after spon-
taneous conception in developed countries, which is explained by the choice to have 
children at an advanced age (approximately 6% compared to 2.3% 4 years ago). In 
addition, over the last decade there has been an increase in the incidence of twin 
pregnancies worldwide as a result of the increasing demand for assisted reproduction 
methods. Especially in Canada this increase amounted to 15% during 2007–2012.

Twin pregnancies are characterized by increased perinatal morbidity and 
mortality require larger amounts of surfactant after admission to the Neonatal 
Intensive Care Unit department especially in the early week and are accompanied 
by increased maternal morbidity and mortality attributed mainly to the increased 
risk of bleeding [44–58].

4.3 Increased mortality of full-term twins

According to bibliographic sources in twin pregnancies there is an increase in 
the relative risk of stillbirth and the risk of unpleasant events during childbirth is 
increased.

The neonatal mortality of twins compared to single pregnancies is 4.3‰ against 
3.8‰ for newborns weighing 2501-3000gr, and 7.4‰ against 2.2‰ for newborns 
weighing 3000gr. Double mortality during childbirth is also reported.

Due to the evolution of perinatal neonatal care, there is a decrease in the risk of 
perinatal death of twins during the last three decades. Higher perinatal mortality 
was also observed in twin neonates with birth weight > 2500gr compared to 
corresponding weights of single pregnant neonates.

Referring to retrospective studies involving large numbers of twin births, 
selective caesarean section can also reduce perinatal mortality of full-term twins 
by 75%. Also important factors that influence the obstetrician to the choice of 
elective caesarean section are the often observed relatively high (> 35 years) age 
of the interest rates, as well as the fact that the majority are first-borns. In cases of 
premature births or severe retardation of intrauterine growth, most recommend 
caesarean section in pregnancies <32 weeks or when the weight of the fetus is 
<1500gr.

Regarding the method of conception, twin pregnancies after IVF, ICSI show 
a higher frequency of premature births, births of infants with residual weight as 
well as other events. The risk of stillbirth increases after the completion of the 
37th week of pregnancy and is 6–9 times higher in dichorionic twins and even 
more in monochorionic. It is recommended to perform selective Caesarian sec-
tion in the dichorionic twins in the 37th week and the 36th in the monochorionic 
twins [44–58].

4.4 Delivery termination time

The International Society for Twin Studies and SOGC recommend giving birth 
before the 38th week of pregnancy. It is considered a reasonable choice to design a 
selective low transverse cesarean section during the 38th week.

4.4.1 Absolute indications

Monoamniotic twins due to high risk of umbilical cord prolapse.
Siamese twins
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When the presentation of the 1st is not cephalic.
When the 1st of the embryos is in breech presentation, it is recommended to 

perform a Caesarean section due to the insertion and impossibility of descent of 
the protruding parts through the pelvic tube, especially when the 2nd embryo is in 
cephalic presentation. Although the above development is very rare, it is accompa-
nied by high perinatal mortality.

Even when the projection is head-shaped, vaginal delivery remains a contro-
versial choice, due to the increased likelihood of obstetric complications, which 
usually occur after the birth of the first fetus (placental obstruction, umbilical cord 
prolapse, fetal bradycardia). Moreover, we should note that the maternal postopera-
tive infections are more frequent, as it becomes necessary to perform an emergency 
cesarean section for the second fetus.

Empirically and traditionally, the attempt for vaginal delivery is made when the 
projection of the first fetus is head and there are no other complications, but this 
has not been proven by well-designed prospective studies. According to the same 
study, the main cause of neonatal death in relation to the projection of the birth of 
the second fetus is suffocation-acidosis of the fetus, while the above cause can also 
cause cerebral palsy.

Remarkably, in most of the younger Obstetricians there is a lack of sufficient 
capacity, training and experience to deal with success with the increased obstetric 
requirements of the second fetus, especially when the projection is not cephalic.

According to studies that openly state the choice of whether or not to perform a 
caesarean section when the projection of the 2nd was not cephalic, 84% of caesar-
ean sections were confirmed with similar rates of neonatal morbidity and mortality 
between the 2 fetuses. The manner of termination of childbirth in twin pregnancies 
is increasingly problematic for the modern obstetrician due to the large number of 
twin pregnancies resulting from the application of assisted reproduction methods. 
The frequency of stillbirths and perinatal morbidity and mortality are higher in 
twin pregnancies.

Several studies have shown that vaginal delivery of the 2nd fetus is accompanied 
by increased perinatal morbidity and mortality and they consider it necessary to 
perform a selective Cesarean section. In all twin pregnancies, the 2nd fetus can be 
significantly protected.

Based on the above, it is proposed the vaginal arrangement of the birth of twins 
only in cases of interest rates: multipara women, aged <35 years, with cephalic pre-
sentation of both fetuses, in full-term, without pathology pregnancies, the duration 
of which does not exceed 38 weeks and which occurred after normal conception. In 
all other cases, the execution of Caesarian section is proposed [44–58].

5. Discussion

Twin pregnancies have had a steady 70% increase since 1980 and are associated 
with increased perinatal mortality about 4 times higher than single pregnancies. 
The main cause of morbidity is preterm birth with an average birth of 35 weeks, 
the following are: intrauterine growth restriction, intrauterine death, hydramnio 
(about 10% of cases), preeclampsia (triple incidence in congenital pregnancies), 
congenital abnormalities, iron deficiency anemia, postpartum hemorrhage, placen-
tal abruption and precursor placenta [40–50].

Multiple pregnancies are high-risk pregnancies and are associated with 
increased neonatal morbidity and mortality, mainly due to prematurity. To under-
stand how a multiple pregnancy increases the rates of adverse neonatal outcomes, it 
is necessary to record for each incident:
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a. the mode of conception (natural conception or assisted reproduction)

b. the possibility of fetal death (automatic initially or after meiosis)

c. the family history of multiple pregnancies

d. the descriptive anatomy of the placenta

The successful use of assisted reproduction techniques is a milestone in the 
treatment of infertility. The increase of multiple pregnancies is a very important 
issue, open for solution, since they are accompanied by numerous medical and 
social problems. Preventing multiple pregnancies with the prudent use of available 
techniques will contribute significantly to solving this problem [6, 16].

Premature birth before 32–33 weeks of gestation is a major cause of complica-
tions in multiple pregnancies. The average age of spontaneous delivery is about 
35.5 weeks while in multiple pregnancies it is 33 weeks. Premature birth occurs in 
20–50% of twin pregnancies, which means 7–10 times more often compared to 
single pregnancies. The increased likelihood of twins’ complications is mainly due 
to the high incidence of low birth weight infants as a result of premature or intra-
uterine growth restriction.

Prematurity is directly responsible for the high neonatal morbidity and 
mortality of twin pregnancies, due to the high probability of respiratory distress 
syndrome, intra-abdominal bleeding and necrotic enterocolitis. Also, there are 
increased rates of residual development of one fetus, or both of them, congenital 
abnormalities and complications associated with the Twin to twin Transfusion 
Syndrome (TTTS). Twin pregnancies complicated by premature birth burden the 
family financially and psychologically, because it requires the transfer of the preg-
nant woman or the newborn to tertiary hospitals, which have special intensive 
care units [58–65]. The incidence of depression is increased in mothers of twins, 
which requires special attention from the clinical doctor.

Newborns born from twin and triplet pregnancies are accompanied by the long-
term consequences of perinatal complications. Cerebral palsy is the most common 
complication of multiple pregnancies. The rates of cerebral palsy are five times higher 
among twins and ten times higher among triplets, compared with other newborns. 
The case described in our study with persistent paraplegia was due to fetal hypoxia, 
cerebral palsy due to placental abruption in the 26th week of pregnancy [58–65].

A particularly important issue is the delivery time of a twin pregnancy and 
the growing tendency for premature termination of multiple pregnancies, as 
the increased tendency for preterm delivery in multiple pregnancies and the 
performance of premature cesarean section have significantly contributed to 
the increase in neonatal in multiple pregnancies. However, it is noteworthy 
that the selective neonatal decreases fetal mortality. The explanation for this 
lies in the fact that the duration of multiple pregnancies after a period of time 
increases the likelihood of endometrial death. In triplets, in particular, it is 
reported that after 34 weeks, fetal mortality increases significantly and requires 
close obstetric monitoring [65–68].

On the other hand, the preventive administration of corticosteroids as a routine, 
now, in all centers to enhance the pulmonary maturity of the fetus and the use 
of the surfactant, immediately after birth in premature infants, have the effect 
of drastically reducing deaths from respiratory distress syndrome in neonates of 
multiple pregnancies. There is evidence to suggest that the estimate of fetal weight 
of multiple pregnancies, with the growth curves created for single pregnancies, is 
incorrect.
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Recent data from population studies show that optimal survival of neonates 
from multiple pregnancies is observed at a younger gestational age and lower body 
weight than in neonates of single pregnancies [68–70].

The developmental curves of the embryos used in the daily obstetric practice 
and in our country, are the result of the analysis of data from hospital databases, in 
non-European populations. According to studies, the distribution of fetal weight 
in relation to gestational age varies significantly, depending on the population and 
the time period. There is a difference of up to 11% in the average birth weight of 
newborns of different populations, at a certain gestational age, while the differ-
ences are even greater, exceeding 45% for the third percentage growth curve of the 
populations of these newborns [68–74].

Residual intrauterine development of fetal twin pregnancies is traditionally diag-
nosed using single growth curves from single pregnancies. Twins grow at rates simi-
lar to those of single pregnancies by the 30th week, followed by slower growth rates, 
while the same applies to the way triplets develop in relation to twins. Therefore, the 
developmental curves of the newborns should be revised and adjusted according to 
the number of fetuses and the gestational age, in order to become more rational.

Systematic monitoring of multiple pregnancies and the correct guidance of the 
doctor to the pregnant woman for a conservative lifestyle, are the cornerstone for 
avoiding prematurity. Ultrasound plays an irreplaceable role in the monitoring of 
multiple pregnancies, with the timely determination of the number of fetuses, the 
chorionic villus sampling, the position of the placenta and the continuous assess-
ment of the development of the fetus in terms of weight [65–74].

In addition, the use of Doppler contributes to the early diagnosis of intrauterine 
growth disorders and fetal distress. The use of ultrasound in combination with 
cardiotocography and the systemic administration of corticosteroids, in all multiple 
pregnancies between 27 and 33 weeks, are the modern arsenal of the Obstetrician 
for the diagnosis and treatment of prematurity in these pregnancies. Also, the 
measurement of fetal fibronectin in the cervix, the ultrasound determination of the 
length of the cervix or the measurement of estradiol in the saliva of the pregnant 
woman, are techniques that are experimentally applied for the early diagnosis of 
premature birth [65–74].

Regarding the method of childbirth in multiple premature pregnancies, both 
worldwide and in our country, there is a tendency to increase caesarean sections, 
which is statistically significantly associated with a reduction in intrauterine deaths, 
single pregnancies. This risk is only 1% in a single pregnancy, while it increases by 
10% in dichorionic twins and 15% in monochorionic twins, due to the occurrence of 
complications from placental anastomoses [65–74]. Therefore, measuring the length 
of the cervix during the ultrasound examination in the first and second trimester 
helps to prevent and properly treat impending prematurity. Twin pregnancies are 
high-risk pregnancies. The average gestational age for twins is about 35 weeks. 
Newborns of multiple pregnancies have a low birth weight, with an average of 2,500 g 
for twins. About 10% of twins and 25% of triplets have a birth weight of less than 
1,500 g. Low birth weight results in high perinatal mortality, especially in monochori-
onic pregnancies accompanied by an increased rate of prematurity [65–74].

Multiple pregnancies resulting from infertility are at increased risk of preterm 
birth versus twin pregnancies with normal conception. This is due to pre-existing 
risk factors in women with a history of infertility such as uterine abnormalities 
pelvic infections surgery. Assisted reproduction methods increase monozygotic 
twins 12 times 13% after ovulation induction 22% for triplets with monozygotic 
twins. It is estimated that in multiple pregnancies the increased infant mortality is 
accompanied by almost twice the probability of severe neonatal disability compared 
to single pregnancies [65–74].
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According to an analysis of the International Bibliography, they were certi-
fied at a high frequency of complications from fetuses, but the assessment of the 
above data should be done with consideration and strict criteria according to the 
guidelines.

Many researchers have found that along with the increase of pregnant’s 
women age, there is a corresponding increase in the frequency of multiple 
pregnancies. Other researchers have found an increased incidence of multiple 
pregnancies in high births compared to first-borns, although the widespread 
use of assisted reproduction methods now tends to reduce this increase [65–74]. 
The large increase in the frequency of caesarean sections (41%) is one of the 
most dramatic changes in the last 40 years regarding the manner of delivery. 
This large increase is attributed to the fear of possible legal involvement and 
to the increased perinatal morbidity and mortality of the second neonate, 
especially when the shape is not vertical. Perinatal mortality has decreased in 
recent years, hovering internationally at 9.6% without a statistically significant 
difference between newborn twins [65–74]. An important contribution to the 
formation of perinatal mortality has the birth of multiple newborns weighing 
less than 1500gr. According to many researchers, no significant difference was 
found in the Apgar score between 1st and 2nd twins, as well as a relationship 
between the score and the way the childbirth was completed. According to oth-
ers in twins born with a normal birth, the Apgar score of the 1st minute of the 
2nd was lower compared to that of the 1st. There has also been a recent increase 
in the Apgar score, especially in the second duo indicative of a better perinatal 
outcome.

An important role in reducing perinatal mortality and improving perinatal 
status was played by the early diagnosis of multiple pregnancies in the last 20 years, 
as well as the systematic application of ultrasound and Doppler ultrasound in their 
monitoring [65–74]. The above resulted in a more accurate estimate of the probable 
birth weight, shape and projection, as well as the more correct design of the deliv-
ery arrangement.

The frequency of premature births and births of newborns weighing less 
than 2500gr. remains high despite the systematic application of tocolytic prepa-
rations and the restriction of activity until complete multiple immobility of 
 pregnant women.

Regarding the way of arranging births in multiple pregnancies, a particularly 
statistically significant increase in the frequency of caesarean sections was observed 
in the last 5 years, amounting to 97.1% for the same reasons as described by inter-
nationally renowned researchers [65–74]. Regarding the application of biophysical 
methods of monitoring prenatal control in twin pregnancies of our study we found 
increased frequency of cardiotocographic lesions in the form of predominantly 
varying decelerations especially in the 2nd twin fetus and the above finding can be 
explained by the relatively high frequency of false positive cardiotocographic find-
ings observed internationally.

The Apgar rating of twin pregnancies, as well as between 1st and 2nd newborn 
twins, clearly showed that the perinatal condition, especially of the 2nd newborn, 
was slightly aggravated. This finding contradicts that of many researchers, although 
many agree with our results without a satisfactory interpretation, possibly due to 
the frequently changing abnormal projection of the latter. We did not find a sta-
tistically significant difference in gender [65–74]. The perinatal mortality of twin 
pregnancies in our study did not differ significantly from that of the international 
literature, which confirms the significant improvement in recent years in the 
application of modern and accurate methods of diagnosis, monitoring of pregnancy 
and childbirth.



27

Twin Pregnancies Labour Modus and Timing
DOI: http://dx.doi.org/10.5772/intechopen.95982

Author details

Panagiotis Tsikouras1*, Anna Chalkidou1, Anastasia Bothou1, Angeliki Gerede1, 
Xanthoula Anthoulaki1, Spyridon Michalopoulos1, Ioannis Tsirkas1, 
Fotini Gaitatzi1, Irene Babageorgaka1, Apostolos Lazarou1, Natalia Sachnova1, 
Michael Koutsogiannis1, Konstantinos Nikolettos1, Theopi Nalbanti1, 
Eythimios Demosthenous1, Georgios Dragoutsos1, Ifigenia Apostolou2, 
Alexios Alexiou1, Panagiotis Petsidis3, Stefanos Zervoudis3, George Iatrakis4, 
Werner Rath1, George Galazios1 and Nikolaos Nikolettos1

1 Department of Obstetrics and Gynecology, Democritus University of Thrace, 
Greece

2 Neonatal Unit Intensive Care of University Hospital of Alexandroupolis, Greece

3 National and Kapodistrian University of Athens and Rea Maternity Hospital, 
Athens, Greece

4 Technological Educational Institute of Athens and Rea Maternity Hospital, 
Athens, Greece

*Address all correspondence to: tsikouraspanagiotis@gmail.com

6. Conclusions

In conclusion, in terms of the frequency of multiple pregnancies, perinatal 
mortality in our region did not differ significantly from that of other advanced 
countries in Western Europe and North America.

Increased vigilance and care is required in the arrangement of childbirth and the 
resuscitation of the second newborn because we found that his perinatal condition 
is significantly lower than that of the first. Significant effort should be made to 
extend the time of twin pregnancies which would effectively help reduce the 
frequency of preterm births and caesarean sections.

Although twins appear to be at higher risk for perinatal neonatal outcomes than 
single pregnancies, they are better when they are born at a mature gestational week 
and close to the expected due date. To date, however, the optimal delivery time of 
the duo although still controversial, based on current results, is 37+3 weeks of gesta-
tion. Regarding the manner and time of termination of labor beyond 35 weeks of 
gestation is determined according to the literature by many factors gestational age 
of the two fetuses estimated weight projection twins experience of the obstetrician.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 3

Cesarean Section and 
Breastfeeding Outcomes
Angeliki Antonakou and Dimitrios Papoutsis

Abstract

The cesarean section rates in the developed countries are well above the 5% 
to 15% rate of all births as suggested by the World Health Organization (WHO) 
in 2009 and currently range widely between 25% and 50%. Moreover, the WHO 
guidance promotes early breastfeeding initiation during the first hour postpartum, 
exclusive breastfeeding up until the 6th month and maintaining breastfeeding at 
least up to the second year of the infant’s life. In this review, we discuss the cur-
rent evidence on whether a cesarean section interferes with the initiation and the 
long-term duration of breastfeeding practice among new mothers. The literature 
shows that a cesarean birth does have a detrimental effect on breastfeeding out-
comes, however it is not per se a negative factor. It rather seems that infants who 
have feeding difficulties in the immediate postpartum period may experience long 
term problems. Therefore, interventions are discussed to promote breastfeeding 
after cesarean section for health professionals. Emphasis is given on promoting 
early skin-to-skin contact and on counseling new mothers about the advantages of 
breastfeeding as well as providing practical support and guidance throughout the 
early postpartum period.

Keywords: breastfeeding, cesarean section, cesarean birth, outcomes, interventions, 
neonate, mode of birth

1. Introduction

Even though there is no global consensus on the optimal rate of cesarean  
section (CS), nevertheless the World Health Organization (WHO) advocates that 
this should be approximately 15% of all live births [1]. Many developed countries 
over the past 30 years are well in excess of this rate, without there being any signifi-
cant improvement in either maternal or neonatal outcomes [2]. A study conducted 
on a worldwide scale using country-level data has found that as CS rates exceed 
10% and increase up to 30% there is no essential effect on reducing maternal and 
neonatal morbidity or mortality rates. Moreover, the initial inverse relationship 
observed between CS rates and morbidity or mortality appears to be explained by 
socioeconomic factors [3].

The latest epidemiological data from Western countries has placed Greece 
among those with the highest CS rates reaching 54% for the year 2018 [4]. This 
rising CS trend however is not uncommon and represents a universal finding over 
the past decades [5]. The CS rate for 2019 in Canada was 29.1% [6] and for 2018 in 
the United States of America was 31.9% [7], whereas in the United Kingdom was 
26.1% (Figure 1). Since an increasing number of women delay their first pregnancy 
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until after the third decade of their life and as the percentage of women with obesity 
is getting higher, this constitutes a high-risk environment for more CS births in the 
future [8]. At present, it is contemplated that one in three newborns are born with a 
CS worldwide.

2. Mode of birth and the neonate

2.1 Neonatal outcomes

Cesarean birth has been associated with a variety of adverse neonatal outcomes 
in the literature. Fetal and neonatal complications include the increased risk for 
neonatal intensive care unit admission, respiratory morbidity, and mother-infant 
separation with all its consequences [9]. While CS delivery has been regarded as a 
method to reduce the risk of neonatal asphyxia, Kupari et al. [10] in their review 
found that the rate of neonatal intensive care admissions is higher after a cesarean 
birth. A recent study at a university based-tertiary hospital in Jordan showed that 
50.5% of all deliveries were by CS, and from those 72% were performed at term. 
However, 30% of the newborns with a cesarean birth were admitted to the neonatal 
intensive care unit (NICU). The rate of NICU admissions was 23% among the elec-
tive ceserean births when compared to 43% among the emergency ceserean births. 
It is noteworthy that among the term neonates who were admitted to the NICU 
almost two thirds were born by elective CS between 37 and 386/7 weeks of gestation. 
Moreover, an estimated 18% of NICU admissions were complicated by sepsis and 
the mortality rate was 5% [11]. An earlier study also showed that an elective CS 
is associated with an almost two-fold increase in the rate of newborn transfers to 
the neonatal intensive care unit, and in the diagnosis of transient tachypnea of the 
newborn when compared with a planned vaginal birth [12].

Recent studies have highlighted the close interplay between host genetics, the 
prenatal environment and the route of birth on determining the newborn’s micro-
biome at birth. There is emerging evidence that neonates born by CS have different 
hormonal, physical, bacterial, and medical exposures, and that these exposures can 

Figure 1. 
Cesarean section trends in selected OECD countries for the time period between 2000 and 2017. (Source: OECD 
Health Statistics 2019. Access: https://DOI.org/10.1787/888934017937).
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subtly alter their physiology. The short-term risks of CS include the altered immune 
system development, the increased likelihood of allergy, atopy and asthma, and the 
reduced diversity of the intestinal microbiome. It is not clear in the literature how 
these alterations might affect the children’s health later on in life as young adults, 
although there is accumulating evidence of long-term effects. In the literature it is 
quoted that we have just started to realize the importance of the developing neona-
tal microbiome for the future health outcomes of the individual [13].

Formation of the microbiome begins in utero and the resulting disturbances 
may lead to changes in the fetal epigenetic programming [14]. Factors related to the 
labor and birth environment have been shown to influence the initial colonization 
process of the newborn microbiome. Studies have shown that there are distinct 
differences in the microbiome profiles of newborns born vaginally when compared 
to those born by CS [15]. The microbiome signature of pregnancy is dynamic and 
it changes throughout gestation even though the factors that regulate such changes 
are not yet fully understood [16]. It is possible that gestational changes in the 
microbiome may occur as a natural mechanism to prepare for the initial transfer of 
microbes to the newborns [15].

There is evidence showing that children born by a CS versus those born vaginally 
are more likely to develop immune-related disorders such as asthma and allergies 
[17], inflammatory bowel disease [17], and obesity [18]. These findings have led 
some researchers to suggest that the association between chronic disease and route 
of birth may be caused by alterations in the microbiome seeding of the neonate 
following the cesarean birth [19]. The hypothesis is that the mode of delivery 
affects the epigenetic state of the stem cells of the newborn, thus impacting on their 
plasticity and responsiveness later on in life [14]. It is important to note that neo-
nates born to a CS when compared to neonates born vaginally have a smaller degree 
of similarity to the intestinal microbiome of their mother, which includes skin and 
oral cavity microbes, and bacteria from the operating room [18]. Furthermore, 
it has been shown that children with a slight exposure to their mother’s vaginal 
microbiome during labor, even if they were delivered by a CS, have a reduced risk of 
developing asthma than those born with an elective CS [17].

There is evidence that the previously described differences in the microbiome 
remain long term, and the adults who were born with a CS have fecal microbiota 
that are distinctly different from those of adults who were born vaginally [20].

2.2 Alterations to the neonatal microbiome

It has been shown that for neonates born with a CS, their microbiome consists 
of different maternal microbiota than in neonates born vaginally. Bacteria from 
the operating room [18] have also been found to be present, while the antibiotics 
that women receive intrapartum to reduce the risk of post-operative infection may 
also affect the newborn’s microbiome [21]. The question that has been raised in the 
literature is how the neonate can counter these alterations in its microbiome. An 
intervention that has been proposed involves the medical, midwifery and nursing 
personnel adopting a mother-friendly, family-centered approach in the operating 
room during the cesarean birth [15]. Early skin-to-skin contact with the neonate, 
early initiation of breastfeeding and support in a maternal-focused environment 
with a concurrent reduction of the time-spams of separation between the mother 
and the newborn while the neonate is hosted in the nursery, may also result in mini-
mal disturbances to the neonatal microbiome. Breastfeeding after a cesarean birth 
may potentially be the way to minimize the adverse effects of the mode of delivery 
on the neonate’s microbiome by promoting optimal early newborn microbiota 
formation. This may occur despite the effect of the antibiotics given to the mother 
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during the CS, which have been found to lower the counts of Bifidobacterium species 
in breast milk that are known to prevent infection and to provide anticarcinogenic 
capacities to the newborn [22].

Epigenetic programming during the perinatal period may induce very important 
physiological changes to the neonate. Potential adverse events may lead to epigen-
etic changes with serious implications for health and disease. There are studies 
as discussed earlier that suggest that epigenetic alterations are linked to early life 
environmental stressors such as the mode of delivery. However, it seems that epi-
genetic modifications due to perinatal environmental exposures can be potentially 
reversible [14]. It seems that during the first 3 years of life starting from conception 
to the second birthday of the child, there is a high turnover of the different types of 
colonizing bacteria, after which the microbiome is more stable [23].

3. CS and breastfeeding

3.1 The benefits of breastfeeding to the neonate and the mother

Among the postnatal factors that may contribute to lifelong health and disease 
through epigenetic mechanisms, infant feeding seems to play a key role (Table 1) 
[23]. Maternal breast milk is universally considered to be the normative standard 
for infant feeding, as it confers unique nutritional and non-nutritional benefits that 
could in some extent be explained through epigenetics [24]. WHO promotes early 
breastfeeding initiation during the first hour postpartum, exclusive breastfeeding 
up until the 6th month and maintaining breastfeeding up to the second year of the 
infant’s life or more in order to optimize its growth, development and good health 
[25]. The special content of breast milk with long chain poly-unsaturated fatty acids 
[26], oligosaccharides [27], lactoferrin [28] and other important nutrients makes it 
the ideal nutrition for newborns and infants.

A meta-analysis on the short-term effects of breastfeeding has indicated that 
breastfeeding reduces the severity of diarrhea and the risk of hospitalization and 
mortality due to respiratory infections by 72% and 77%, respectively [29]. With 
regards to the long-term effects of breastfeeding, another meta-analysis was 
performed by the World Health Organization in 2007 and was updated in 2013. 
The most recent meta-analysis suggests that a causal association exists between 

Nutrition

Maternal 
nutrition

Neonatal & infant 
nutrition

Microbiome Epigenome

Over-/
under-nutrition

Breast milk Maternal microbiota Human genome

Vitamin D 
status

Formula milk Mode of delivery Environmental 
factors

Dietary methyl 
donors

Prebiotics/probiotics Maternal & infant diet

LCPUFA* 
intakes

Antenatal & post-natal 
antibiotic exposure

Food pollutants Urban/rural environment

Data from Ref. [23].
*Long chain polyunsaturated fatty acids.

Table 1. 
Significant factors affecting the long term health outcomes over the first 1,000 days of life.
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breastfeeding and the increased performance in intelligence (IQ ) tests during 
childhood and adolescence, and has been estimated to lead to an average increase of 
3.5 points of IQ score. Though the maternal intelligence scoring (IQ ) was acknowl-
edged as an important confounder, nevertheless it accounted for a small part of 
this association. The practical implications of this finding of the small increase of 
performance in intelligence tests are not yet clear [30].

The meta-analysis of 2013 also found a small reduction of about 10% in the 
prevalence of overweight or obese children exposed to longer durations of breast-
feeding. However, there were confounding factors related to this finding since in 
the majority of study settings the duration of breastfeeding was higher in families 
with a higher educational and economic status. Breastfeeding was also found to 
have a protective effect against type-2 diabetes particularly among adolescents. 
Furthermore, a small protective effect of breastfeeding against systolic blood pres-
sure was found, however as the authors state, residual confounding cannot be ruled 
out [30]. Finally, the American Association of Pediatrics [31] states that breastfeed-
ing plays a protective role against the sudden infants death syndrome.

Breastfeeding confers numerous short-term and long-term benefits to the 
mother [25]. Women who do not breastfeed are in a greater risk of developing 
breast cancer and ovarian cancer [32, 33]. The protective role of breastfeeding is 
even greater among mothers with the BRCA1 mutation, and it has been estimated 
that those who breastfeed for at least one year have a 37% lower risk of breast 
cancer [34]. There is growing evidence indicating that breastfeeding seems to have 
a protective role against obesity later on in the mother’s life [35]. Breastfeeding also 
confers a lower risk of developing diabetes mellitus [36] and hyperlipidemia [37]. 
Studies have shown that even a single month of breastfeeding significantly reduces 
the risk of developing diabetes in later life [38]. Finally, it seems that breastfeed-
ing and especially long term with a duration of more than 7 months, reduces the 
maternal risk of hypertension and cardiovascular disease [39, 40].

3.2 Cesarean birth and the initiation of breastfeeding

Though the importance of breastfeeding is well established in the literature, the 
way by which the mode of delivery interferes with breastfeeding is still obscure. 
A systematic review and meta-analysis has shown that newborns born with a CS 
are almost half as likely to initiate breastfeeding before hospital discharge when 
compared to newborns born vaginally [41]. There is an abundance of literature 
reports since the late 1990’s showing that women who deliver by CS are less likely 
to breastfeed and most probably will delay breastfeeding initiation. A recent study 
in Canada found that women planning to have a cesarean birth had no intention 
to breastfeed or did not initiate breastfeeding (7.4% and 4.3%, respectively) when 
compared to women with vaginal births (3.4% and 1.8%, respectively) [42]. This 
finding is further supported in the literature by a study from Ohio in the United 
States of America indicating that women who underwent a scheduled repeat cesar-
ean delivery were less likely to initiate breastfeeding than those having a successful 
vaginal birth after a previous CS and those who ultimately delivered by cesarean 
birth after an unsuccessful trial of labor [43]. It seems that maternal choice for the 
mode of delivery may also influence her decision to breastfeed. This is a key element 
that needs to be thoroughly addressed by health care professionals, since to date 
the motivation of mothers to breastfeed is the most important determining factor 
for the success of breastfeeding. Another recent study in China calculated that the 
unadjusted odds ratio [OR] for lower breastfeeding rates associated with CS was 
2.11 [95%CI: 1.58–2.81] and 1.36 [95%CI: 1.01–1.83] at the 5th day and 6th month 
post delivery. After adjusting for early breastfeeding behaviors, it is interesting that 
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the negative effect of CS on long term breastfeeding was attenuated and was no 
longer significant. In fact, the authors of this study noted that although cesarean 
birth had a detrimental effect on early breastfeeding behaviors and long-term 
breastfeeding outcomes, it is not per se a negative factor. It rather seems that infants 
who have feeding difficulties in the immediate postpartum period may experience 
long-term feeding problems [44].

The main question therefore is whether being born with a CS increases the dif-
ficulties in breastfeeding. There is evidence that a CS can act as an independent risk 
factor for reduced breastfeeding rates due to the difficulties of early lactation for the 
mother and baby. In a recent study, women having a CS experienced more difficul-
ties with breastfeeding, while those having an emergency CS were more likely to 
have an unsuccessful first breastfeeding attempt and were unable to breastfeed 
their baby within the first 24 h and upon leaving the hospital, than those having a 
vaginal birth [42]. These difficulties might originate from maternal reasons such as 
the adverse effect of the administered anesthesia drugs [45], postpartum maternal 
fatigue after a long eventful labor, or due to postpartum wound pain after the sur-
gery [46]. Mothers after cesarean birth report greater pain scores when compared 
to those women having a vaginal birth, and more problems with latching on and 
positioning of the baby during breastfeeding [47]. Mothers after a cesarean birth 
need to deal with some practical difficulties, such as having to try to breastfeed with 
a drip in their arm, or not being able to move around easily and pick up their babies 
as easily as mothers after a vaginal birth. These minor issues can enhance maternal 
fatigue and postpartum depressive feelings following the birth [46].

Moreover, there has been fair discussion in the literature about the hormonal 
impact of cesarean birth on lactogenesis. Lactogenesis is the process of develop-
ing the ability to secrete milk and involves the maturation of alveolar cells. Stage 
I lactogenesis takes place during the second half of pregnancy whereas stage II 
lactogenesis starts with copious milk production after delivery. As the placenta 
detaches after the delivery of the neonate, there is a rapid drop in progesterone 
which enables the other hormones that are present in high levels such as prolactin, 
cortisol and insulin, to stimulate breast milk production. It has been noted that in 
primiparous women, stage II is slightly delayed and early milk volume is lower. A 
lower milk volume was also observed in women who had cesarean births compared 
with those who delivered vaginally [48]. It is postulated that the hormonal pathway 
that stimulates lactogenesis is disrupted by a CS delivery, either because of maternal 
stress or decreased oxytocin secretion, and can hinder the milk production [49]. 
This means that mothers following a cesarean birth may encounter more practical 
difficulties while trying to breastfeed than mothers after a vaginal birth [50].

Another issue is the breastfeeding difficulties of the new-born after the CS 
delivery. It has been noted that neonates after a cesarean birth are more likely to 
display poorly coordinated tongue movements and to perform unsatisfactory infant 
sucking activity [51] due to drug exposure or to a long tiring labour. Neonates born 
by CS are more likely to have mucus secretions, which can affect how interested 
they are in feeding [52]. Intravenous fluids administered during labour can cause 
mothers’ breasts to become swollen, making it harder for the newborn to latch on 
properly [53].

Another important inhibiting factor to breastfeeding after a CS is the psycho-
logical factor, namely the loss of confidence. Mothers and especially those after an 
emergency CS might be less likely to believe in their ability to nurture and feed their 
baby as they experience increased feelings of failure. In addition, their family mem-
bers are usually more likely to suggest offering formula milk to the newborns so 
they could rest after the surgery [52]. This suggestion may sometimes also originate 
from the health care personnel along with the advice to keep the newborn at the 
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nursery for long periods of time or overnight in order for the mother to sleep. Long 
separation periods between the mother and newborn make lactation establishment 
more difficult. It is a vicious circle where mothers do not trust their body to produce 
enough milk, those around them make them feel that they are not capable of feed-
ing their offspring and that leads mothers quitting breastfeeding before practically 
ever starting it [54].

One of the major factors that has been acknowledged for its contribution to 
breastfeeding success is the early onset of lactation. Unfortunately, it has been 
proven that cesarean birth neonates have a delay in their onset of lactation as in 
many cases mother to baby contact inside the operating theatre is delayed, and 
when offered it is usually shorter in duration than recommended or even absent 
[55, 56]. Skin-to-skin contact begins ideally at birth and should last continuously 
until the end of the first breastfeeding [57]. This practice involves placing the dried, 
naked newborn in a prone position on the mother’s bare chest, and sometimes can 
be covered with a warm blanket. Women and newborns that practice skin-to-skin 
contact immediately after birth have been proven to show increased rates of breast-
feeding at hospital discharge and up to six months postpartum [57].

3.3 Skin-to-skin contact after a cesarean birth

As mentioned above, early skin-to-skin contact is a key element for the success 
of breastfeeding as it leads to early initiation of breastfeeding and to the maternal 
hormonal response, that is the secretion of oxytocin and endorphins which are 
important to establish lactation [57]. Skin-to-skin contact provides however far 
more benefits for the mother and baby. This intimate contact evokes neurobe-
haviors that ensure the fulfillment of basic biological needs and affects the future 
programming of the infant’s physiology and behavior [57]. It is beneficial for the 
newborns by improving their cardio-respiratory stability [57], their thermo- and 
glucose regulation [57, 58], and it also reduces the stress of birth while facilitating a 
smooth transition to extrauterine life [59]. Moreover, since newborns born by CS do 
not acquire maternal vaginal microbes, skin-to-skin contact immediately after birth 
permits the microbial colonization of the newborn with maternal skin microbiota 
[60]. Mothers after a cesarean birth also benefit by appropriate skin-to-skin contact 
with their newborns, since due to the boost in oxytocin secretion it has been found 
that the risk of postpartum hemorrhage is ameliorated [61]. In addition, it reduces 
maternal stress, anxiety, and pain during and after the CS delivery [57]. Long term, 
it seems that skin-to-skin contact has significant positive effects on reducing the 
maternal depressive symptoms and the physiological stress she experiences during 
the postnatal period [62].

Although the WHO guidelines [25] state that keeping the mother and baby 
together for at least the first hour after birth leads to an improved initiation and 
duration of breastfeeding, however it is not always as easy to apply for women 
having a CS and especially an emergency CS [63]. Nevertheless, skin-to-skin 
contact is recommended by the relevant health authorities such as the National 
Institute for Health and Care Excellence (NICE) [50] and the Pan American Health 
Organization [64]. It has been reported that early initiation and a long duration of 
skin-to-skin contact when compared to a short time duration, has a dose–response 
effect on breastfeeding [65]. A recent study has shown that for infants after vaginal 
delivery, the average time from birth to first breastfeeding was 40.91 minutes, 
while for CS newborns the average time was 74.54 minutes. The duration of the first 
breastfeeding was maintained for 18.33 minutes for babies after a vaginal delivery, 
and only 14.98 minutes for those after cesarean birth (p = 0.00). Newborns after a 
vaginal delivery maintained a longer sucking duration for the first (p = 0.000) and 
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second (p = 0.008) day postpartum. Correspondingly, cesarean birth newborns 
were more frequently (p = 0.000) supplied with formula, and they consumed more 
volumes (p = 0.000) of formula within the first 72 hours after birth [44]. In another 
quasi-experimental feasibility study in the United States of America, it was shown 
that women who practiced immediate skin-to-skin contact with their newborns 
during their CS surgery (within one minute after birth) were more satisfied with 
the experience and had lower levels of salivary cortisol across time (p = 0.015 
and p = 0.003 respectively) than those who practiced early skin-to-skin contact 
(within the first hour after birth) [66]. It has been reported in the literature that 
in those cases where the mother is not capable of performing skin-to-skin contact 
during the surgery then the father can hold the baby [66, 67]. Although this can 
be a reliable alternative, a recent study found a statistically significant association 
between skin-to-skin contact with the mother and the exclusive breastfeeding rates 
upon discharge, which was maintained at three- and six-months postpartum, when 
compared to the groups that had paternal skin-to-skin contact or no skin-to-skin 
contact at all [67].

3.4 Cesarean birth and the duration of breastfeeding

As already mentioned, there is scientific evidence showing that a CS can lead 
to the early discontinuation of breastfeeding [68]. On the other hand, there are 
earlier studies showing that cesarean birth does not affect the duration of breast-
feeding if women initiate breastfeeding from the time point of birth and maintain 
it for at least four weeks postpartum [69]. In a recent prospective cohort study 
of 3,021 women in Canada, it was shown that the mode of birth is a significant 
independent predictor for breastfeeding cessation at or prior to 12 weeks postpar-
tum (p = 0.014). In the adjusted multivariable logistic regression model, women 
who had a planned CS were more likely to have early cessation of breastfeeding 
[≤12 weeks] [OR = 1.61; 95%CI: 1.14-2.26; p = 0.006] when compared to those who 

Independent variable Unadjusted OR (95% CI) Adjusted OR [95% CI]

Mode of birthd --b

Emergency cesarean 1.35 (1.03-1.76)b 1.22 (0.91-1.62)a

Planned cesarean 1.33 (0.97-1.82)a 1.61 (1.14-2.26)b

Low income 1.61 (1.25-2.06)c 1.58 (1.19-2.09)b

Lower education 2.14 (1.61-2.85)c 1.82 (1.31-2.53)c

No previous birth 1.38 (1.13-1.68)b 1.42 (1.13-1.77)b

Preterm birth 1.66 (1.18-2.33)b 1.54 (1.06-2.23)b

Maternal physical health 0.96 (0.95-0.98)c 0.96 (0.94-0.98)c

Maternal mental health 0.99 (0.98-1.00)b 0.99 (0.97-0.99)b

Caucasian 1.49 (1.14-1.95)b 1.67 (1.25-2.22)c

≥ 1 breastfeeding difficulty 2.09 (1.67-2.61)c 1.82 (1.43-2.31)c

Reproduced from Hobbs et al. [42].
a≥0.05.
b<0.05.
c<0.001.
dReference group set as vaginal delivery.

Table 2. 
Unadjusted and adjusted logistic regression model of mode of delivery on the duration of breastfeeding up to 
12-weeks postpartum.
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delivered vaginally. There was no significant difference in breastfeeding cessation 
between women who had an emergency CS and women who delivered vaginally in 
the adjusted analysis [42] (Table 2).

Another study found that cesarean births were associated with lower rates of 
exclusive breastfeeding at 6 months, with no difference found between planned 
versus emergency CS [70].

There is a large systematic review and meta-analysis on breastfeeding outcomes 
after cesarean birth that included data of 53 studies from 33 different countries. 
Prior and colleagues (2012) identified lower rates of any breastfeeding and exclu-
sive breastfeeding at 6 months among women who had a cesarean birth (planned 
or unplanned) when compared with a vaginal birth (normal or instrumental). 
However, based on a subgroup analysis they found that although cesarean birth was 
associated with lower rates of initiation, those mothers who did initiate successfully 
were as likely to exclusively breastfeed at 6 months with those who had a vaginal 
birth. This important finding suggests that early interventions could be very effec-
tive following a cesarean birth in terms of establishing lactation and continuation of 
breastfeeding for a long period of time [41].

4.  Effective interventions to promote early breastfeeding initiation 
following a cesarean birth

4.1 Prenatal preparation

Decisions about infant feeding are determined by a range of complex factors 
including the woman’s socio-demographic background, age, ethnicity, and peer 
support network [71]. To date, the most important factor for the success of breast-
feeding is the mother’s motivation. As it has been commented earlier, mothers plan-
ning to have a cesarean birth report lower level of willingness to breastfeed their 
offspring [42, 43]. It has been reported in the literature that all health professionals 
need to look closely into this fact and identify the reasons that drive women to this 
decision. Antenatal programs addressing the importance of breastfeeding both for 
mothers and babies, with emphasis to the key effects on CS newborns’ health need 
to be implemented. There is a false impression that women after a CS are not able to 
breastfeed adequately their offspring and this involves the women themselves, their 
families and exists even among health professionals. As mentioned above, women 
after a CS may face more difficulties than women following a vaginal birth but with 
adequate help and consultation from health professionals and their family, they are 
able to provide the best nourishment to their newborns. The women themselves 
express lack of knowledge and skills about breastfeeding after the CS birth [54]. 
During the antenatal courses, midwives have the opportunity and ability to provide 
this knowledge in a secure relaxed environment and demonstrate coping strategies 
that women can easily rehearse and learn prior to their birth. This way their confi-
dence will increase, and they will feel more confident and ready to breastfeed their 
newborns after their CS.

4.2 The importance of adequate bonding time

We know from the neuroendocrine mechanisms involved in the initiation 
and maintenance of lactogenesis that the mother-to-newborn contact is the most 
effective and powerful stimulus to milk production. Health professionals need to 
ensure undisturbed immediate or early skin-to-skin contact for mothers and their 
newborns after a cesarean birth. Skin-to-skin contact is a practice that requires 
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minimal organizational effort or costs for the hospitals that offer it [67]. Numerous 
studies show that skin-to-skin contact is an easy to apply, low-cost and safe inter-
vention that can have important health benefits both for the mother and newborn, 
as described in the previous sections. There are studies that prove the feasibility 
of applying this method to women undergoing an uncomplicated CS, and even 
on an emergent basis, while skin-to-skin contact can safely begin during surgery 
and continue uninterrupted for an extended time duration [66]. As an alternative, 
when the mother is not capable or willing to provide skin-to-skin contact, then the 
partner can assist and hold the newborn [67]. Furthermore, the health profession-
als need to ensure that the mother and newborn will have undisturbed time to bond 
by minimizing the separation time spams. This can be achieved with performing 
the clinical examination while the newborn is on the mother’s arms, delaying the 
first newborn bath for after the first 24 hours, and by delaying the transfer of the 
mother while she is breastfeeding [50]. Rooming-in should be offered to all mothers 
as well as reassurance that the health professionals will be present to provide their 
assistance if needed, as the Family-Centered Care and the Baby-Friendly Hospital 
Initiative (BFHI) recommends [72]. Mothers following a cesarean birth will require 
more help handling their newborn, so the hospital policies should allow for a family 
member to be present or additional helping staff to be allocated. On the other 
hand, undisturbed bonding time with the newborn means that there should be a 
minimum number of visitors and in specified time frames during the hospital stay. 
Moreover, while breastfeeding there should be an indication on the door to keep 
people away from entering so as to preserve privacy and comfort.

4.3 Dealing with practical difficulties after a cesarean birth

In a recent qualitative study exploring the breastfeeding behavior of mothers 
following a cesarean birth, some of the main reported challenges for breastfeeding 
after a CS included the physical discomfort and the lack of knowledge and coping 
skills in managing their depressive mood after a CS [54]. It is important to realize 
that health professionals need to provide extra care and consultation to women after 
a CS. Women that feel greater levels of pain and discomfort are usually more easily 
to quit breastfeeding, as they feel that they are not able to do it properly. Health pro-
fessionals need to provide encouragement, emotional support and empowerment 
to these women to adopt their nourishing role. They also need to provide adequate 
analgesia for mothers so as not to feel sore while breastfeeding [50]. It needs to be 
explicit that there are numerous analgesic and antibiotic drugs that are compatible 
with breastfeeding and women and their families need to be aware of that. At this 
point, it is important to comment that mothers who require anesthesia or sedation 
sometimes may receive inconsistent information from health care professionals 
regarding the passage of drugs into their breast milk. This can potentially lead 
to the interruption of feeding, discarding of their breast milk or early cessation 
of breastfeeding. A recent consensus document launched by the Association of 
Anesthetists and endorsed by the Royal College of Midwives and the Royal College 
of Obstetricians and Gynecologists clearly states that ‘breastfeeding is acceptable to 
continue after anesthesia and should be supported as soon as the woman is alert and able 
to breastfeed, and that breast milk should not be discarded’ [73].

Health professionals need to provide consultation and guidance on a more 
practical level such as advising on different breastfeeding positions that women 
may find useful and comfortable after the surgery [50]. Midwives need to assist 
newborns to latch on effectively, especially if they are drowsy from medication 
or if the mothers’ breasts are engorged after having intravenous fluids. They also 
need to ensure that the newborn is feeding frequently. In case the newborn cannot 
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breastfeed directly, they should assist the mother to express her milk and provide it 
to her newborn, so that the milk supply will be maintained and promoted.

Another very important element for health professionals is to provide the 
accurate birth weight to CS newborns. Researchers propose that using newborns’ 
weight at 24 hours rather than the immediate weight after birth, could be a more 
accurate reference for weight loss and in turn could support breastfeeding by reduc-
ing supplementation rates in the absence of a clinical need. We know that fluids 
administered intravenously during labor due to the transplacental passage could 
lead to the newborn’s weight inflation immediately after a cesarean birth [74]. In 
a recent study, it was noted that when the 24-hour weight was used as a reference 
among healthy full-term newborns delivered by CS, the overall supplementation 
rate decreased from 43.6% pre-intervention to 27.4% post-intervention, and in 
first-time mothers from 51.9% to 31.0% [75]. Thus, health professionals need to 
take under consideration these findings and not easily attribute any newborn’s 
loss of weight to the lack of adequate milk supply which in turn can easily enhance 
maternal stress and lead to formula supplementation and no or less breastfeeding.

Women following a cesarean birth tend to face more practical difficulties with 
breastfeeding than women following a vaginal birth. Therefore, midwives and 
health professionals will need to offer ongoing support providing necessary advice 
and consultation on practical issues such as breastfeeding positions. Some comfort-
able breastfeeding positions for mothers after a cesarean birth include the following:

a. Lying down on the side position: This position keeps pressure away from the 
CS scar and is quite restful for the mother and baby, and the hand with the 
cannula does not pose any extra difficulties. However, the mother might need 
some extra help to roll over and breastfeed from the other side.

b. Lying back breastfeeding position: The mother is not sitting upright as she is 
laying backwards, and her body is supporting the baby’s weight. The baby can 
be put diagonally so it does not apply pressure on the wound.

c. Rugby ball or under the arm position: The mother uses pillows to support her 
back and her baby under her arm. This position also keeps the baby away from 
the wound.

There are many different breastfeeding positions that a mother after a cesarean 
birth can try while breastfeeding. The most important element is to find a comfort-
able position for her that she can maintain for as long as her baby wants to feed. 
She also needs to feel free to ask for assistance from the health personnel while in 
hospital and from her family members while at home. It has been mentioned in 
the literature that women following a cesarean birth were not feeling comfortable 
asking for help from the health professionals as they considered it being a sign of 
failure, so they tried to endure as long as they could. This eventually led to exhaus-
tion, frustration and the decision to quit breastfeeding quite early [54].

4.4 The significance of peer support and the partner’s role

There is a growing trend on the use of social media and mothers’ support groups 
among new mothers to find support and guidance while breastfeeding. The WHO 
has recently commented in a positive manner on their effectiveness to encour-
age women while breastfeeding. A recent Cochrane database systematic review 
on interventions for promoting the initiation of breastfeeding included 107,362 
women from seven countries and found low-quality evidence that healthcare 



Current Topics in Caesarean Section

46

professional-led breastfeeding education and non-healthcare professional-led coun-
seling and peer support interventions can result in some improvements in the num-
ber of women beginning to breastfeed [76]. Another systematic review that tried 
to identify effective interventions for women having a cesarean birth to increase 
uptake and duration of breastfeeding, identified a limited number of effective 
interventions such as immediate or early skin-to-skin contact, parent education, 
the provision of side-bed bassinets when rooming-in, and the use of breast pumps. 
However, there was one study that tested a bundle intervention consisting of parent 
education and targeted breastfeeding support and found an increased initiation and 
continuation of breastfeeding [77]. Both of the above mentioned systematic reviews 
conclude that more research is needed to explore the effectiveness of several inter-
ventions that are initiated prior to conception or during pregnancy and postpartum.

The role of the father or partner during breastfeeding has also been supported in 
the literature. A quasi-experimental study in China has shown that families where 
fathers in the antenatal period were specifically informed about ways to support 
their wives with breastfeeding, maintained exclusive breastfeeding at four and six 
months postpartum in a larger proportion than families who received standard 
antenatal care [78]. A recent systematic review highlighted the value of including 
fathers or partners in interventions to support breastfeeding. The review showed 
that the inclusion of fathers or partners in breastfeeding interventions improves 
breastfeeding initiation, duration, and exclusivity rates. Interventions that include 
face-to-face information delivery, that are designed in a culturally appropriate man-
ner, and provide information on how partners can support breastfeeding are more 
likely to have a beneficial effect [79]. In a recent qualitative study from Canada, it 
was shown that fathers themselves perceived their role as much more complex than 
the limited role of a breastfeeding facilitator that is usually attributed to them. They 
see themselves as stakeholders in decision-making on how their child is to be fed 
and they react to the imbalance created by breastfeeding. They want to be consid-
ered as partners during the decision-making and they acknowledge the importance 
of providing emotional and practical support to their breastfeeding spouses. The 
researchers of this study comment that health professionals need to include fathers 
in the parental preparation programs and should find ways to support them effec-
tively in managing their various roles [80].

5. Conclusion

Cesarean births represent almost one third of all births globally. There is evi-
dence showing that this medical intervention has an impact on women’s infant feed-
ing decision and leads to important breastfeeding difficulties that involve mainly 
the initiation and duration of breastfeeding. The WHO promotes breastfeeding as 
the ideal nutrition for all newborns and infants up to the sixth month of their life, 
and at least up to the second year supplemented with solid foods. Health profes-
sionals can play an important role on promoting women’s breastfeeding behaviors 
after a cesarean section. Through high quality antenatal education programs they 
can assist women to change their attitudes and beliefs concerning the feasibility of 
breastfeeding after a CS and help them become more confident and committed. 
The preparation for breastfeeding after a CS should ideally start in the antenatal 
period. Health professionals can also implement immediate and uninterrupted 
skin-to-skin contact and minimize separation as the standard of care during and 
after an uncomplicated cesarean birth. They can also provide advice and important 
guidance and practical support after the birth to mothers and their family members 
to create a strong support network. The network of family members alongside 
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Abstract

Venous thromboembolism (VT is a major cause of maternal mortality and severe 
morbidity. Pharmacological and non-pharmacological methods of prophylaxis are 
therefore often used for women considered to be a risk including women who have 
given birth by cesarean section. The risk is potentially increased in women with a 
personal or family history of VTE, women with genetic or acquired thrombophilia, 
and another risk factors like sickle cell disease, inflammatory bowel disease, active 
cancer, obesity, preeclampsia·and SARS COVID 19 infection. However, a specific 
score in obstetrics has not yet been well defined. Recommendations from major 
society guidelines for post-cesarean section (C/S) thromboprophylaxis differ 
greatly; the safety and efficacy of drug prophylaxis - mainly low molecular weight 
heparins - has been demonstrated, but large scale randomized trials of currently-
used interventions should be conducted. The purpose of this chapter is to discuss 
the indications and contraindications for VTE prophylaxis in cesarean sections, 
prophylaxis regimens and potential adverse events.

Keywords: VTE, DVT, cesarean section, thromboprophylaxis, heparin

1. Introduction

Venous thromboembolism (VTE) is a major cause of maternal morbidity and 
mortality. The risk of VTE is particularly elevated during the postpartum period 
and especially after cesarean section (CS) delivery. The risk of VTE was fourfold 
greater following CS than following vaginal delivery; seemed independent of other 
VTE risk factors; and was greater following emergency CS than following elective 
procedures [1].

Although a number of risk factors have been identified, the size of the increases 
in risk attributable to these factors is generally poorly quantified and there is 
considerable variation in the approach to prophylaxis of venous thromboembolism 
after CS [2–5].

In women with risk factors a combination of pharmacological and non- 
pharmacological methods are recommended. There is limited literature on the 
effect of mechanical methods for postpartum thromboprophylaxis, however 
benefit has been shown in other clinical areas [2, 4].

Antithrombotic prophylaxis are based on unfractionated heparin (UFH), low-
molecular weight heparin (LMWH). LMWH was associated with fewer adverse 
effects when compared with UFH. Therefore, LMWH is considered to be a safe and 
effective in for postpartum thromboprophylaxis, although high-quality evidence is 
not available [1, 2].
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In this chapter we will discuss the risk factors for VTE, their interactions and 
potential risk scores, as well as the prophylaxis alternatives and international 
guidelines for the prevention of VTE.

2. Epidemiology of VTE in pregnancy and puerperium

Women during pregnancy and the immediate puerperal period are considered 
at risk for VTE and there is a substantially higher prevalence that in non-pregnant 
women of the same age. A case-control study reported that compared with non-
pregnant women, the risk of VTE was increased five-fold during pregnancy, and by 
60-fold during the first three months after birth. However the absolute risk remains 
low, estimated at around one to two in 1000 pregnancies [6, 7].

The incidence of VTE, especially Pulmonary Embolism (PE), is believed to 
be much higher during the immediate puerperal period - mostly associated with 
cesarean section - with between 40% and 60% of all acute PE cases reported 
to occur postpartum(with a estimated 15-fold increased risk of PE postpartum 
compared with during pregnancy). In a systematic review the risk of VTE was 
fourfold greater following CS than following uncomplicated vaginal delivery; and 
was greater following emergency CS than following elective CS. On average, was 
estimated that three in 1,000 women will develop a VTE following CS [6, 7].

However a decline overall in deaths associated with VTE in recent years has 
been observed since publication and more adherence to prevention guidelines for 
obstetric population [2, 6].

Currently there one reported study on incidence of Deep venous thrombosis 
(DVT) in women receiving thromboprophylaxis using heparin after CS. This study 
found that the incidence of asymptomatic DVT among women at high risk of VTE 
was 3.9%. In patients without thromboprophylaxis symptomatic DVT was detected 
in 0.04% and 0.5% [7–9].

3. Risk factors for VTE in pregnancy and puerperium

Some groups of women have a higher risk of developing VTE. The most 
important individual risk factor for VTE in pregnancy is a personal history of 
thrombosis without a trigger factor and/or following use of estrogen-based 
hormonal therapy. For women who have had a previous thrombosis in pregnancy, 
the risk of VTE increases considerably in subsequent pregnancies if antenatal 
thromboprophylaxis is not used, with an estimated increased risk of recurrence of 
three- to four-fold [1–4].

Another important individual risk factor for VTE in pregnancy is the presence 
of an inherited or acquired thrombophilia (a condition that predisposes individuals 
to developing thromboses) [2–4].

The risk of a thromboembolic event occurring during pregnancy has been 
shown to differ according to the nature of the thrombophilia, with estimates of risk 
varying from 5–33% (Homozygotic mutations or multiple thrombophilias) [3, 7, 8].

Other pregnancy-related factors shown to increase the risk of VTE include 
multiple gestation, pregnancy induced hypertension, prolonged active fase of 
labour and cesarean section (mainly in the emergency and or after labor). In a case–
control study the overall risk of VTE was 0.09%, with a higher risk of events in the 
postnatal period following cesarean birth; and the authors verified that the risk in 
the antenatal period was estimated as 0.18% following cesarean section compared 
with 0.03% without cesarean section [2, 6, 7].
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Obesity, smoking, advanced maternal age, severe heart disease, sickle cell 
disease, inflammatory bowel disease, active cancer, family history of VTE, and 
prolonged immobilization are other commonly reported risk factors [2].

VTE risk factors vary in their association with but appear to be common. In a 
recently published cross-sectional study of prospectively collected data from 21 
019 sequential postpartum VTE risk assessments in a hospital setting the most 
prevalent VTE risk factors related to maternal and delivery characteristics included 
overweight and obesity (36%), age ≥ 35 (35%) and cesarean section (32%). Over 
three-quarters of women had at least 1 VTE risk factor (78%), and over 40% had 
multiple (2 or more) VTE risk factors. An important finding is the fact that in 19% 
of women all VTE risk developed during delivery or in the post-partum period (and 
were not present prior to the peripartum period) highlighting the critical impor-
tance of performing continuos VTE risk assessment even after delivery [8, 9].

COVID-19 is new disease with potentially impact in pregnancy and pueperium. 
The evidence addressing the issues of coagulopathy and thrombosis in pregnancy 
in association with COVID-19 is sparse and so far, there is no available high-quality 
studies at this moment. However, given the possible association between the hyper-
coagulability characteristic of pregnancy and the risk increase in COVID-19-related 
VTE, the International Society of Thrombosis and Haemostasys (ISTH), as well as 
the Ministry of Health in Brazil, suggest that all pregnant and postpartum women 
admit had at the hospital for COVID-19 (i.e., severe and moderate cases) receiving 
pharmacological prophylaxis [10, 11].

4. Interaction of VTE risk factors and potencial risk scores

The interaction of VTE risk factors remains an important knowledge gap. 
However in a large hospital- based case–control study, including 559 women with 
objectively verified VTE during pregnancy or the postpartum period and 1229 
controls, some risk factors exhibited additive interaction (as observed with the 
combination of assisted reproductive technology with multiple pregnancy, and 
emergency cesarean section with infection), while others appeared to act as mul-
tipliers, as with the combination of antepartum immobilization and elevated body 
mass index [12, 13].

In particular, understanding how these VTE risk factors translate into absolute 
PA-VTE is essential. A risk prediction model for postpartum VTE was recently 
developed using large data on 433 353 deliveries. This model was externally vali- 
dated using another data sets of 662 387 deliveries. Emergency cesarean section, 
stillbirth, varicose veins, preeclampsia/eclampsia, infection, and medical comor-
bidities were the strongest VTE predictors in the final multivariable model. The risk 
prediction model was able to discriminate postpartum women with and without 
VTE with statistical significance [C statistic of 0.70 (95% CI, 0.67-0.73)] [13].

The risk assessment models in surgical patients (e.g., Caprini and Padua) to 
predict VTE after cesarean delivery has not been adequately studied suggesting the 
establishment of a maternal clinical registry and more extensive research to identify 
optimal models with which to predict VTE risk in the obstetrical population [4, 13].

At the Maternity Hospital of the Hospital das Clínicas, Universidade de São 
Paulo in Brazil – a tertiary referral service provider for obstetric pathologies - a 
risk score for VTE was developed since 2014. Since the establishment of this risk 
score, there have been no more maternal deaths from PE during hospitalization or 
up to three months postpartum. Among patients who received prophylaxis with 
enoxaparin, 0.4% had VTE (failure of treatment); in the untreated (that is, low 
risk) group had 0.06% of VTE. In our institution we have adapted this score since 
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2020 and The National Specialized Commission on Thromboembolism of the 
Febrasgo (CNE-TEV), based on this national experience proposes the risk score for 
pregnant women and hospitalized mothers in Brazil. The risk factors were divided 
into high, medium and low risks, which score, respectively, 3, 2 or 1 point. The fine 
score occurs by the sum of the values attributed to each factor present in the patient. 
Pharmacological anticoagulation with is indicated for patients with a score risk of 
VTE greater than or equal to three [14, 15].

The score is summarized in Table 1.

5. Considerations for VTE prophylaxis in cesarean section

A Cochrane’s systematic review concluded that there is insufficient evidence 
of post-cesarean thromboprophylaxis due to the small number of studies and 
different comparison criteria. Although the risk of VTE associated with cesarean 
section is low, when there is a relationship with other risk factors, the occurrence 
of VTE becomes significant and the institution of thromboprophylaxis should be 
indicated [1, 2].

Based on observational data, some authors have attempted to calculate the 
number needed to treat (NNT) to prevent 1 episode of VTE during the postpartum 
period, and reported that among women deemed at high risk for VTE postpartum, 
640 as high as 4000 would require prophylaxis to prevent 1 episode of VTE [13].

The potential benefit of pharmacologic prophylaxis needs to be weighed against 
the potential for adverse outcomes associated with the intervention. The use of 
pharmacologic VTE prophylaxis after cesarean delivery has been associated with 
increased rates of wound morbidity. The number needed to harm (NNH) with the 
use of pharmacologic VTE prophylaxis after cesarean delivery has been reported 
to be as low as 200. Due to inadequate sample calculation in the available studies 
the optimal risk threshold for initiating pharmacological thromboprophylaxis 
in the antepartum and postpartum periods, particularly in women with lower-
risk thrombophilic traits and multiple (common) VTE risk factors remains to be 
established [16].

Another question is optimal optimal time to start and duration of thromboem-
bolism prophylaxis after a cesarean delivery. Recent guidelines have addressed the 
optimal interval between neuraxial anesthesia and initiation of pharmacologic VTE 

3 points
High risk factors

2 points
Moderate risk factors

1 point
Low risk factors

Previous VTE associated with 
pregnancy and or hormonal treatment

Previous VTE with a trigger 
factor

—

High Risk Thrombophilia Low risk Thrombophilia —

Covid 19 severe cases
Sickle cell anemia
Severe cardiovascular disease
Active Cancer

Previous cancer
Severe infections
Obesity
Severe bleeding with transfusion 
of blood products

Preeclampsia
Multiple pregnancy
C-Section or any surgical 
procedure
Massive varicose veins

Obesity with Imobilization >4 days
Inflammatory Bowel Disease
Nephrotic Proteinuria

Severe hyperemesis
Severe smoking

Adapted from: [14].

Table 1. 
Risk factors for VTE in hospitalization of pregnant women and puerperal women.
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prophylaxis to prevent the development of spinal or epidural hematomas take in con-
sideration the time of insert and removal of epidural catheter [5, 15, 16]. Prophylactic 
doses of enoxaparin (40 mg subcutaneously every day) may be started postopera-
tively as early as 4 hours after catheter removal but not earlier than 12 hours after the 
block was performed [4, 15, 17]. Another complication to be considered is iatrogenic 
postoperative bleeding. The risk of bleeding with prophylactic doses are usually mild, 
such as wound hematomas, and rarely life-threatening hemorrhagic complications 
[16–21]. In cases with significant intraoperative bleeding complications, the decision 
of when to start pharmacologic prophylaxis (if indicated) must be individualized 
according with the clinical and surgical scenarios [2, 3, 21].

Although the evidence is scarce Women with risk factors should receive throm-
boprophylaxis at minimum for 6 weeks postpartum; women with transient risk 
factors in the antepartum and intrapartum should receive thromboprophylaxis 
until hospital discharge or up to 2 weeks after delivery [2–5].

In SARS COVID-19 given the potential increase in VTE risk a weight-adjusted 
VTE prophylaxis with low molecular weight heparin (LMWH) should be consid-
ered in all pregnant and post partum women admitted to hospital (in the absence of 
active bleeding and with a platelet count above 30 × 109/L or indication for immedi-
ate delivery). In case of indicated or emergency delivery VTE prophylaxis should be 
evaluated individually [10, 11].

6. Pharmacologic agents for prophylaxis of VTE

The 2 most common agents used for prophylaxis of VTE are LMWH and 
Unfractionaded Heparin (UFH). Recent guidelines recommend LMWH (most 
recomended enoxaparin) as the first-line pharmacologic agent. Enoxaparin has 
a half-life of 4 to 6 hours and is eliminated by the kidney and it is not recom-
mended in patients with significant impaired renal function but has the advan-
tage of better bioavailability, longer half-life, more predictable anticoagulation 
effect, less bleeding risks, and less risk of heparin-induced thrombocytopenia 
and osteopenia [2–5, 17, 18].

The recommended dose of enoxaparin is typically 40 mg subcutaneously once 
a day. Obese women may require higher doses; some evidence supports the use of 
intermediate doses of enoxaparin (40 mg subcutaneously every 12 hours) for obese 
women or a weight-based prophylactic dose of 0.5 mg/kg subcutaneously every 
12 hours of enoxaparin in morbidly obese women after cesarean delivery [2, 17].

UFH has a shorter half-life than LMWH of 60 to 90 minutes and is mostly 
cleared by the reticuloendothelial system, rendering it a good choice in women 
with renal disease. Recommended prophylactic dosages in the postpartum period is 
5000 units subcutaneously every 8 to 12 hours [17].

Fondaparinux is a completely synthetic pentasaccharide heparin analog and 
the first of a new class of selective indirect antithrombin-dependent factor Xa 
inhibitors, which inhibits thrombin generation, has some benefit for thrombopro-
phylaxis. Heparin-induced thrombocytopenia (HIT) is an extremely rare situa-
tions of fondaparinux in comparison with the UFH and LMWH, suggesting that 
fondaparinux is an alternative for the treatment of thrombosis associated with HIT 
[22]. In a small study in Japan short term fondaparinux (2,5 mg/day)appears to be 
an adequate and safe method for prevention of symptomatic VTE in women at risk 
after cesarean section [22, 23].

There are insufficient safety and efficacy data to recommend the use of new oral 
anticoagulants (e.g., apixaban, rivaroxaban, dabigatran) during the postpartum 
period [24, 25].
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7. Contraindications and patient risks for pharmacological prophylaxis

a. Potential contraindications to prescribing enoxaparin or heparin.

Thrombocytopaenia - Low platelet count (<100.000 ui/ml)
High risk of uncontrolled hemorrhage or current bleeding
Adverse reaction/allergy to enoxaparin or heparin
Acute bacterial endocarditis [2]

b. Patient related risk factors for bleeding:

Current active major bleeding with need for transfusion
Current chronic bleeding over 48 hours
Bleeding disorders (e.g. hemophilia)
Recent central nervous system bleeding
Intracranial or spinal lesion
Current renal impairment with secondary coagulation did
Underlying coagulopathy or coagulation factor abnormalities
Thrombocytopaenia.- a platelet count <50000/uL
Severe platelet dysfunction
Active peptic ulcer or active ulcerative gastrointestinal disease
Obstructive jaundice or cholestasis
Recent major surgical procedure with a high bleeding risk [2, 3].

8. Summary of the recommendations

To date, guideline recommendations are mainly based on expert opinion rather 
than high-quality evidence and provide conflicting recommendations (Table 2).

Recently The Society of Maternal Fetal Medicine published a evidence based 
guideline summarized in Table 3 [17].

9.  Electronic medical records and improvements in the prevention  
of VTE

Predicting individual VTE risk is extremely challenging because no single vari-
able is strongly predictive, and we are investing on systems that incorporate mul-
tiple variables to produce significant predictive values for VTE. The medical records 
waistband Electronics (EMR) Scoring systems with use of artificial intelligence 
should be seen as an opportunity to support clinical decision. Some studies indicate 
that computer alert interventions may increase the adherence to appropriate risk 
stratification for VTE, reduce costs and avoiding unnecessary thromboprophylaxis 
in low-risk patients [15].

10. Conclusions

VTE remains an important and preventable cause of maternal morbidity 
and mortality during the postpartum period [26–29]. Despite absence or robust 
evidence use of mechanical prophylaxis sequential compression devices is an 
inexpensive, safe intervention and should be used in all women undergoing 
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cesarean delivery until the woman is fully ambulatory [1, 2, 4, 17]. The decision to 
add pharmacologic prophylaxis depends on the presence or absence of risk factors 
[2–4, 15, 17]. Women with a previous personal history of deep venous thrombosis 
or pulmonary embolism and women with a personal history of an inherited 
thrombophilia (either high-risk or low-risk), and should receive pharmacologic 
prophylaxis after cesarean delivery [3, 4, 27, 29]. Another risk factors like obesity 

Organization Recommendation Risk stratification

American College 
of Obstetricians and 
Gynecologists [4]

• Pneumatic compression for all

• Women with additional 
risk factors for VTE may 
benefit from pharmacologic 
prophylaxis

A risk scoring system is not endorsed

American College of 
Chest Physicians [3]

• Early mobilization is recom-
mended in absence of risk 
factors.
Prophylaxis with heparin is 
suggested when 1 major or 
2 or more minor risk factors 
are present or when 1 minor 
risk factor is associated with 
emergent cesarean section
In women at very high risk, we 
suggest ad pharmacologic to 
mechanical prophylaxis
After delivery, prophylaxis is 
suggested for up to 6 weeks 
postpartum in the presence of 
risk factors

Major risk factors for VTE:
Immobility(for at least 7 days antepartum)
Postpartum hemorrhage with surgical 
intervention
Previous history of VTE
Pregnancy induced hypertension with fetal 
growth restriction
Antithrombin deficiency
Factor V Leiden or Prothrombin gen 
mutations
Blood transfusion Puerperal infection Active 
Systemic lupus erythematosus
Severe Heart disease
Sickle cell disease
Minor risk factors:
Obesity
Multiple pregnancy
Postpartum hemorrhage Smoking
Pregnancy induced hypertension
Protein C or S deficiency

Royal College of 
Obstetricians and 
Gynecologists [2]

Women at high risk should 
receive pharmacologic 
prophylaxis for 6 weeks 
after delivery; women at 
intermediate risk for VTE 
should receive pharmacologic 
prophylaxis for at least 10 days 
after delivery.
For women at low risk for 
VTE, we recommender early 
mobilization and adequated 
hydratation

High-risk patients
Any previous VTE,
any woman requiring antenatal LMWH, 
high-risk thrombophilia, low-risk 
thrombophilia with family history of 
thrombosis
Intermediate-risk Cesarean delivery 
after labor, Obesity, postpartum hospital 
readmission, surgical procedures during the 
puerperium, Maternal diseases - cancer, heart 
failure, active lupus, nephrotic syndrome, 
sickle cell disease, type 1 diabetes with 
nephropathy, inflammatory bowel disease,
or Two or more of the following: 
Age > 35 years, parity 3, obesity, smoker, 
elective cesarean delivery, family history 
of VTE, low-risk thrombophilia, varicose 
veins, current systemic infection, pregnancy 
induced hypertension, immobility, multiple 
pregnancy, preterm delivery, stillbirth, 
operative vaginal delivery, prolonged labor 
>24 hours, postpartum hemorrhage

Adapted from [17].

Table 2. 
Current guidelines on prophylaxis of thromboembolism after C/S.
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and clinical complications (Sickle cell disease, Hypertension, COVID 19 infec-
tions) should be considered. The use of universal or near-universal pharmaco-
logical prophylaxis for low risk women undergoing cesarean delivery, cannot be 
recommended until further studies demonstrate that such a strategy is beneficial 
[14]. At present, the available VTE risk stratification tools used to decide for or 
against pharmacologic prophylaxis have not been validated in women undergo-
ing cesarean delivery being a good opportunity for research and development. 
Individualization of care is recommended for women at very high risk for VfE 
and institucional safety bundles are recommended as a best practice [14, 15, 17]. 
In the last half-century, we have made tremendous progress in understanding the 
epidemiology and prevention of VTE, and it is imperative that these advances be 
studied and implemented in obstetric care [26].
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Recommendation Grade

1 All women who undergo cesarean sectionreceive sequential compression devices 
starting before surgery and that the compression devices be used continuously until 
discharge

1C

2 Women with a previous personal history of DVT venous thrombosis or PE submitted 
to cesarean section receive both mechanical and pharmacologic prophylaxis. 
Pharmacological must be maintained for up to 6 weeks postpartum

2C

3 Women with a personal history of an inherited thrombophilia (high-risk or low-risk) 
but no previous thrombosis submitted to cesarean section receive both mechanical and 
pharmacologic prophylaxis. Pharmacological must be maintained for up to 6 weeks 
postpartum

2C

4 Low-molecular-weight heparin is the preferred thromboprophylactic agent in 
pregnancy and the postpartum period

1C

5 We suggest the use of intermediate doses of enoxaparin in pharmacologic 
thromboprophylaxis for pregnant women with class III obesity,

2C

6 A patient safety bundle with an institutional protocol for venous thromboembolism 
prophylaxis must be developed for women who undergo cesarean delivery

Best 
Practice

Adapted from [17].

Table 3. 
SMMF summary of recommendations.
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Chapter 5

Caesarean Section
Tshililo J. Mashamba

Abstract

Caesarean section is a procedure performed to save the life of the fetus and 
sometime to save the life of the woman. Although risks are low, affected women 
suffer from severe complications. The first caesarean section performed has a 
bearing on management of subsequent pregnancies. It is crucial that the proce-
dure is performed when necessary. The evolution of caesarean section has shown 
marked improvement in maternal outcome especially after the introduction of 
antibiotics. The resistance of bacteria to antibiotics may lead to rethinking about 
the procedure performed long ago to try and minimised complications related to 
sepsis. Complications of caesarean sections are common in patients who have had a 
previous caesarean section. Training in previous caesarean sections will be vital in 
preventing these complications.

Keywords: ruptured membranes, preterm, prelabour

1. Introduction

Caesarean section is a procedure to deliver the baby though the incision made on 
the uterus. Ideally this is to deliver a viable fetus which is of 22 weeks or fetal weight 
of 500 g. Contrary to repeated use of caesarean section referring to the laparotomy 
to have access to perform a hysterotomy. The objective of caesarean section is to save 
the life of the mother and fetus. The origin of caesarean is section is somehow not 
clear as it was believed that Julius Caesar was born following this procedure but the 
Latin word “caedare” refers to cut.

2. Epidemiology

Caesarean section is the most common surgical procedure. The rapid increase 
in caesarean deliveries without clear evidence of concomitant decreases in 
maternal or neonatal morbidity and mortality is a significant concern that the 
procedure may be overused [1]. Caesarean section rate is defined as the number 
of caesarean deliveries over the total number of live births and is expressed as 
a percentage. This is obviously the definition used which does not follow the 
statistical guideline, as the number the denominator should pregnancy that have 
reached 22 weeks and not live births as some would have had stillborns but are not 
included in this definition. Majority of caesarean sections are emergencies com-
pared to elective caesarean sections. In South Africa emergency caesarean sections 
accounted for 80.9% of total caesarean sections [2] while in the United States of 
America 63% were emergencies [3].
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3. Classification of caesarean sections

Classification relates to the degree of urgency to save the mother’s life or the fetus 
and the mother’s life should be always a priority over the fetal life, accept in a situation 
that the mother’s life cannot be modified by the surgical procedure. The word emer-
gency may comprise of many components within which the extent of urgency differs. 
Once the decision to deliver has been taken, delivery should be carried out with the 
urgency appropriate to the risk to the baby and the safety of the mother. The objective 
should be to shorten the decision to delivery time in such circumstances [4] (Table 1).

4. Indications for caesarean sections

See Table 2 indications for caesarean sections [5].

5. Preoperative management

Preoperative discussion should take place to assess the disciplines involved [6, 7].

Urgent caesarean

1. Poor progress of labour
2. Cephalopelvic disproportion
3. Fetal compromise
4. Abuptio placentae
5. Placenta previa with hemodynamic instability or 

placenta previa major
6. Cord prolapse with live fetus
7. Transverse lie in labour
8. Footling breech in labour
9. Uterine rupture

10. 2 Previous caesarean in labour
11. Prolonged second stage
12. Failed assisted delivery, etc

Elective caesarean

1. 2 Previous caesarean section
2. Macrosomia
3. Transverse lie/unstable lie
4. Placenta previa
5. Previous major shoulder dystocia
6. Active genital Herpes infection
7. Cardiomyopathy with EF < 45%
8. Breech presentation at term
9. Multiple pregnancy with leading twin 

no-vertex
10. Previous pelvic fracture
11. Previous 3rd/4th degree perineal tear
12. High HIV viral load
13. Transverse lie not in labour
14. Preterm rupture of memebranes in a previous 

caesarean
15. Pelvic tumour obstructing pelvic inlet
16. Intrauterine growth restriction
17. Decreased fetal movements
18. Contracted pelvis
19. Recurrent intrauterine fetal death late in third 

trimester
20. Previous repair of vesico vaginal fistula,etc

Table 2. 
Indications for caesarean sections.

Category Description

1 Immediate threat to the life of the mother or fetus

2 No immediate threat to the life of the mother or the fetus, has maternal or fetal compromise

3 No maternal or fetal compromise but require early delivery

4 Elective –delivery at a time that suit maternity services and the mother

Table 1. 
Classification of caesarean sections.
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5.1 Objectives

1. To identify medical and obstetric comorbidities that may increase anaesthetic 
and surgical risks

2. To establish the urgency of the caesarean section

3. To obtain anaesthetic and surgical informed consent

4. To enable patient preparation

The above objectives may require multidisciplinary team management in certain 
cases like, cardiac disease, respiratory diseases, concurrent surgical conditions, 
endocrine conditions and others. It is important that the patient has a full under-
standing of the procedure and its anticipated complications. In case of emergencies 
the discussion with the patient should be carried out in a best shortest time not to 
jeopardise the objective of the procedure. Blood products should be organised if 
deemed necessary.

The person performing the surgical procedure is responsible for checking that the 
written consent has been signed and explain the need for the operation again. Risks 
and complications should be clearly communicated with the patient and care must be 
taken when explaining the frequency of the complications and those that are less likely.

5.2 Preoperative procedure principles

There is evidence abdominal shave if done should be performed in the operat-
ing room just before applying the antiseptic preparation and not a night before. 
Prolonged shave to operating time increases the bacterial count on the abdomen. The 
abdomen is scrubbed with alcohol containing solution or nonorganic iodide solution.

Nonparticulate antacid should be given orally before transferring patient to 
operating table. In some instances, long acting antacid could be given a night before 
like Ranitidine 150 mg orally. Metoclopramide is given to increase the tone of lower 
oesophageal sphincter, preferably after oxygenation [6, 7].

Patient should be placed in the 15 degree left lateral tilt position to minimise 
uterine compression of inferior vena cava [8]. Urinary catheter should be placed to 
allow the bladder to drain during the operation keeping the operative field clear.

The principle should be to have adequate exposure but not excessive. Gentle 
handling of tissues with attention to haemostasis.

5.3 Different abdominal incisions

5.3.1 Transverse abdominal incisions

The full thickness abdominal wall incision should be adequate to allow easy 
delivery of the fetus. At least a minimum incision of 15 cm to allow bladder retrac-
tor with ease.

1. Pfannensteil incision is made transversely on the suprapubic area approxi-
mately 2-3 cm above the symphysis pubis and should be curvilinear, with the 
lateral apices of the incision curved slightly up toward the anterior superior 
iliac spines. The incision is performed sharply to the level of the rectus fascia. 
The fascia is incised with the scalpel in the transverse manner to expose the 
muscles. The incision in the anterior rectus fascia may be extended laterally 
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using the scalpel or dissecting scissors. Watch out for the superficial epigastric 
and superficial circumflex iliac veins. It is important to minimise the risk of 
haematoma. After the is incised, the anterior rectus sheath is then dissected 
from the underlying rectus muscle both in the cephalic and caudal direction 
using blunt and sharp dissection. Care must be taken to identify perforating 
vessels between the rectus muscles and the anterior fascia. Peritoneum should 
be exposed staying in the midline and avoid hooking fingers under the  rectus 
muscles which can damage the underlying vessels. The entry through the 
peritoneum should be made high in the operative field to avoid injury to the 
bladder. The peritoneum should be elevated using artery forceps and palpate 
the intended entry point to exclude small bowel that may be trapped.

2. Joel-Cohen incision is performed in a transverse manner above the location 
of a Pfannesteil incision and is linear. Once the fascia is incised the rest of the 
dissection is performed bluntly. There are no maternal or fetal advantages over 
Pfannensteil incision, but may be quicker.

3. Misdav Ladach incision is based on Joel Cohen incision introduced for hysterec-
tomy. This is a straight transverse incision somewhat higher than the Pfannesteil. 
The subcutaneous tissue is left undisturbed apart from the midline. The rectus 
sheath is separated, and the muscles are separated by pulling [9].

5.3.2 Vertical abdominal incisions

Midline vertical incision was the preferred incision for caesarean section because 
is faster and ease of entry into the peritoneal cavity with minimal dissection required 
(Figure 1). The incision is useful in situation where high peritoneal access is needed. 
The incision is made vertically just below the umbilicus to at least 1 cm above the 
symphysis pubis. The advantage is that it can be extended above the umbilicus if 
necessary if exposure in the upper part of the abdomen is required. The procedure is 
undertaken by sharp dissection to the level of the rectus sheath (Figure 2).

Figure 1. 
Abdominal wall incisions.
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Paramedian incisions are made to serve the purpose of the procedure. For 
caesarean sections paramedian incisions are made 2-5 cm lateral to the midline over 
the median aspect of bulging convexity of rectus muscles. Closure is theoretically 
more secure because rectus muscle can act as buttress between the re-approximated 
posterior and anterior fascial planes (Figure 2).

In obese patients the challenges are anaesthetic with difficult intubation [10], 
extensive subcutaneous tissue leading to prolonged entry time, obscured vision, 
difficult delivery, increased bleeding, etc. whether a transverse or midline incision 
is superior for the obese patient remains controversial, but a larger incision is advis-
able. Retractors should be used to aid with exposure (Figure 3).

Bladder flap reflection is not universally as the creation of the flap was not 
associated with any increase of complications like bladder injury, increased blood 
loss or prolonged hospital stay [10]. Non flap reflection was associated with reduced 
operation time [11]. Situation when bladder flap may be advisable is when the fetal 
head is impacted and in previous caesarean section. The location of the bladder is 
best delineated by palpating the bladder catheter (Figure 4).

Figure 2. 
Midline subumbilical incision (left) and paramedian subumbilical incision (right).

Figure 3. 
A = Transverse subumbilical incision; B = Midline incision extending above the umbilicus; C = Midline 
subumbilical incision.
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5.4 Uterine incisions

The uterine incision is usually transverse but may be vertical. The incision 
should be large enough to allow atraumatic delivery of the fetus. Factors to consider 
before a uterine incision is made are

1. Position of the uterus

2. Size of the uterus

3. Location of the placenta

4. Presence of uterine tumours

5. Accessible and developed lower segment

6. Future pregnancy plans

5.4.1 Transverse uterine incision

This is the incision recommended for most patients unless there is a contraindi-
cation. For the term pregnancies the incision is made 2-3 cm below the upper edge 
of the uterovesical fold of the peritoneum [12, 13].

Figure 4. 
Different abdominal wall incisions.
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Advantages of lower segment incision:

1. Less blood loss because it is less vascular

2. Less risks of uterine rupture

3. Less subsequent adhesions to the bowel and omentum

4. Reduced risk of ileus and peritonitis

5. Rapid healing

There are different types of incisions on the uterus to deliver the fetus [14], but 
Kerr incision is the one performed commonly in uncomplicated cases.

1. Kerr incision

2. Kronig incision

3. Sanger high classical incision

4. Delee lower segment vertical incision

5. Kerr transverse lower uterine segment incision

If there is a need to extend the incision this should be done with blunt dissec-
tion as sharply extending the uterine incision significantly increases intraoperative 
blood loss and the need for blood transfusion [12].

The incision to delivery intervals does not significantly contribute to Apgar 
scores and cord blood gases, but the maternal status prior to caesarean section and 
optimal anaesthetic management are the most important factors for good neonatal 
outcome [13, 15].

Lower vertical uterine incision are of 2 types which is either on the lower seg-
ment or on the upper segment. The lower segment vertical incision is as strong as 
the lower segment transverse incision. The major disadvantage of the low vertical 
incision is likelihood of extension cephalad into the uterine fundus or caudally into 
the bladder, cervix or vagina.

The classical incision is rarely performed at or near term because of its likeli-
hood to rupture spontaneously antenatally or early in labour. It also associated with 
increased maternal morbidity [16] (Figures 5–8).

Indications for vertical uterine incision are [17]:

1. Poorly developed lower segment like in preterm pregnancies

2. Anterior morbidly adherent placenta

3. Anterior lower segment uterine tumours

4. Dense lower segment adhesions involving the bladder adhesions

5. Delivery of a marked macrosomia

6. Transverse lie

7. Gross congenital anomaly to minimise uterine incision extension and trauma 
to the fetus
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Figure 6. 
First layer for uterine closure.

Figure 5. 
Different types of uterine incisions.
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Figure 7. 
Second layer closure technique.

Figure 8. 
Abdominal closure techniques.
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8. Breech

9. Cervical malignancy

10. Conjoined twins

11. Uterine anomaly

5.5 Extraction of the fetus

The fetus should be extracted expeditiously and in a non-traumatic way. The 
delay in delivery after a uterine incision with contractions following leads to 
decreased uteroplacental blood flow and compromise the fetus [15]. Fingers are 
put around the curvature of the fetal head for leverage, lifting without overly 
flexing the wrist not using the lower segment and symphysis pubis as a fulcrum, 
to avoid extensions of the incision. The head is gently elevated and flexed to bring 
the occiput into incision, with the aid of modest fundal pressure. The shoulders are 
then delivered transversely along the largest diameter of the incision. Of note that 
there are conditions that may make this process difficult like impacted head and 
abnormal lie [16, 17]. Instrumental delivery has been suggested to assist delivery of 
the fetal head when is found to be difficult and forceps are preferred. The objective 
should be to carry out an atraumatic fetal delivery as possible.

5.6 Cord clamping

For newborns who do not require resuscitation delayed cord clamping for 
30-60 seconds is recommended. Clamping should be done following onset of 
respiration.

Delivery of the placenta should be by cord traction as this has many benefits 
compared to manual removal and the use of oxytocin [18].

Advantages are:

1. Less blood loss

2. Less endometritis

3. Shorter hospital stay

4. Slightly shorter duration of surgery

5.7 Closure of uterine incision

After the delivery of the placenta is exteriorized onto the abdominal wall although 
this kinks the uterine vessels and may seem like there is no bleeding which may occur 
when replaced back in the pelvis. It is therefore advisable that when replaced haemo-
stasis is verified by checking with systolic blood pressure of 100 mmHg or more. Non 
exteriorization is challenging but reassures for the achievement of haemostasis. The 
benefits of exteriorization found was only shorter surgical time [19, 20].

Uterine incision closure technique is the most important factor for good healing 
to minimise complications later. The assistant should compress the uterus to assist 
in approximation of the wound edges. Dead spaces need to be obliterated to achieve 
haemostasis. The angles of the incision should be secured and a full thickness needle 
bite 1 cm away from the margin of the incision and coming out at the junction of the 



77

Caesarean Section
DOI: http://dx.doi.org/10.5772/intechopen.97290

myometrium and decidua using polyglactin, poliglecaprone or catgut 1 sutures to avoid 
endometrial inversion at the scar site as this may delay healing. The type of a suture is 
largely based on personal preference with no statistical difference in maternal outcome 
[21, 22]. Double uterine incision closure with continuous locked or unlocked suture 
[23]. Two layer rather than a single layer is preferred but in a patient performing tubal 
ligation single layer can be done as there is no concern of subsequent uterine rupture.

Closure of the classical incision has no consensus as interrupted or continuous 
sutures have been used but the important objective is to obliterate all dead spaces. 
Approximation of the edges is important to minimise the tension when sutures are 
placed. The thick myometrium should have a separate layer of suture.

Abdominal irrigation with the use of prophylactic antibiotics seems not to 
reduce the maternal morbidity but also has not been found to be harmful.

Peritoneal closure has been found to be associated with adhesion formation, but 
personal experience is different. This may be due to marked tissue handling rather 
than washing. Re-operating on the patients self-operated before can clarify this 
issue. The lesser the tissue handling the lesser the adhesion formation.

There is no need for rectus muscle re-approximation unless in cases if rectus 
diasthesis to minimise visceral injury in subsequent abdominal surgical procedures. 
It is recommended that subcutaneous tissue with a depth of 2 cm or more should be 
closed to obliterate dead spaces using interrupted suture.

Skin closure can done with fine sutures like rapidly absorbable continuous or 
interrupted sutures unless in septic cases where interrupted non absorbable suture 
closure is mandatory. Absorbable suture give the best aesthetic outcome especially 
post caesarean section [24].

The challenge for performing caesarean section is when there is prolonged 
rupture of membranes as this may be associated with severe infections. Before 
the era of effective antibiotics extra-peritoneal caesarean section was advised. 
The skill to perform such a procedure has disappeared as effective antibiotics 
became available. Though the procedure had advantages like less postoperative 
pyrexia, less hospital stay, less incidence of pelvic abscesses and septic shock, less 
wound sepsis, lower incidence of secondary post-partum haemorrhage and need 
for further surgery, it had a prolonged anaesthetic time to delivery [25]. This 
was a way of minimising complications associated with caesarean section in the 
presence of infection.

5.8 Complications of caesarean section

In comparison with vaginal delivery caesarean section delivery is associated with 
increased morbidity and mortality [26].

5.8.1 Operative

1. Anaesthetic complications which related failure to intubate with associated 
aspiration leading to Mendelson syndrome

2. Extension of uterine incision laterally to involve the uterine vessels and inferi-
orly to the bladder and vagina

3. Massive intraoperative haemorrhage leading to hypovolaemic shock with asso-
ciated coagulopathy. Uterine atony is common in caesarean delivery compared 
to vaginal delivery

4. Bowel injuries especially in patients who had previous laparotomy
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5. Urological injuries in patients in prolonged second stage of labour and previous 
caesarean section

6. Fetal injuries In emergencies to salvage the fetal life

5.8.2 Post operative

1. Paralytic ileus and vomiting

2. Respiratory infections especially following general anaesthesia. This has been 
reduced to a minimal by the frequent utilisation of regional anaesthesia

3. Puerperal pelvic sepsis

4. Wound infection

5. Thromboembolism, this is even increased in the HIV era as antiretroviral 
drugs have effect on the functionality of the liver. This also increase the  
occurrence of pulmonary embolism

6. Fistulae formation in cases where bladder or ureter were injured

7. Rupture of the scar in subsequent pregnancies

8. Incisional hernia which is common in midline incisions compared to transverse 
incisions

5.9 Counselling for caesarean delivery

Caesarean delivery is the most common abdominal surgical procedure on 
women of reproductive age. Majority of patients present in a healthy physical 
state, so the outcome of pregnancy is expected to be a joyful one. Most nulliparous 
women have a strong preference for vaginal delivery. Women should be encouraged 
to attend child birth classes to prepare them for the labour and delivery experience. 
Interventions that decrease the chance of especially the first caesarean delivery 
include avoidance of non-medical indication for induction of labour. The woman 
experiences pain after caesarean delivery which limit the welcoming experience 
of the newborn. The techniques to improve the outcome of caesarean delivery 
should be developed and minimise the complications following this procedure. The 
procedure, intraoperative and post-operative complications should be discussed in 
detail. The unexpected outcome should be emphasised.

6. Conclusion

Caesarean section is the most common surgical procedure in women of repro-
ductive age. Though it seems like a safe procedure it may have devastating conse-
quences for the mother and the fetus. Pregnancy is a results of normal physiology 
and not a disease as most patients present with no complaints, but coming ambulat-
ing. The common complications occur when the labour is prolonged which presents 
with difficulty in delivery resulting in serious morbidity and/or death. Maternal 
death rate is high in underdeveloped countries as a result of inadequate facilities and 
equipment to look after pregnant patients and monitor labour.
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Chapter 6

Magnitude, Factors Associated 
with Cesarean Delivery and Its 
Appropriateness
Awoke Giletew Wondie

Abstract

Inappropriate use of CS can have profoundly negative consequences for women 
and the broader community. A recent meeting of the International Confederation 
of Midwifes, the International Federation of Gynecologists and Obstetrics and the 
Gates Foundation to discuss the impact of rising CS rates on maternal and infant 
mortality in LMICs highlights the international importance of the issue. Knowledge 
of CS determinants is a first step in the effort to define strategies to reduce unneces-
sary CSs. Previous studies showed that the main reasons for performing CS are 
clinical factors. However, non-clinical factors such as demographic, health system 
factors, organizational variables were overlooked determinants that best predicted 
which women have a higher risk of CS.

Keywords: Caesarean delivery, appropriateness, low income countries

1. Introduction

Worldwide, 830 women die every day due to pregnancy or childbirth-related 
complications, and almost all maternal deaths (99%) occur in developing countries 
[1]. In Africa and South Asia, it is the leading cause of death for women of repro-
ductive age. Another 5.7 million suffer severe or long-lasting illnesses or disabilities 
caused by complications during pregnancy or childbirth every year globally [1, 2]. 
Half of the world’s maternal, newborn, and child deaths occur in sub-Saharan coun-
tries. The maternal mortality ratio in developing countries is 240 per 100,000 births 
versus 16 per 100,000 in developed countries [1, 2]. The risk of a woman dying in 
sub-Saharan Africa as a result of pregnancy or childbirth is 1 in 39, as compared to 
1 in 4,700 in industrialized countries. In sub-Saharan Africa, children under the age 
of five are 15 times more likely to die than in high-income countries [1]. However, 
an estimated 74% of maternal deaths could be averted if all women had access to 
emergency obstetric care [2, 3]. The consequences of maternal mortality have a 
ripple effect in families, communities and nations. Children without mothers are 
less likely to receive proper nutrition, health care and education. The implications 
for girls tend to be even greater, leading to a continued cycle of poverty and poor 
health. And every year, over $15 billion in productivity is lost due to maternal and 
newborn death, placing a huge burden on developing nations [2].

Preventable maternal morbidity and mortality is associated with the absence 
of timely access to quality care, defined as too little, too late (TLTL) which refers 
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to either inadequate access to services, resources, care that is unavailable until too 
late to help or a combination of these factors [4]. Caesarean section (CS) is the 
most common obstetric intervention designed to prevent or treat life-threatening 
pregnancy or childbirth-related complications [5]. When it is done on a timely basis 
CS provides an appropriate opportunity to prevent adverse obstetric outcomes, 
including maternal death, stillbirth and neonatal death [6–8]. According to World 
Health Organization (WHO), a maximum of 15% of births have a medical justifi-
cation for a caesarean section, rates above this do not improve maternal and fetal 
outcomes and are considered inappropriate and unnecessary [9].

However, CS used inappropriately is an obstetric intervention described as too 
much, too soon (TMTS) which refers the over-medicalisation of normal pregnancy 
and birth. TMTS includes unnecessary use of non-evidence-based interventions, 
as well as use of interventions that can be lifesaving when used appropriately, 
but harmful when applied routinely or overused [4]. CS carries risks for both the 
mother and her child and therefore the reason for conducting the surgery must 
outweigh any potential adverse outcome [10]. Maternal deaths and perinatal 
deaths following caesareans sections are disproportionately high in lower and 
middle income countries (LMIC) [11]. The maternal mortality after caesarean 
birth in Africa is 50 times higher than that of high-income countries [10]. Mothers 
in Sub-Saharan countries are 37 times more likely to die than those from LMIC in 
European and Central Asia after caesarean section, and the risk is high in countries 
with low caesarean section rates. The rates of stillbirths and perinatal deaths in 
caesarean section births were 56.6 and 84.7 per 1000 CS procedures respectively 
[11]. Compared to vaginal birth CS has an eightfold higher mortality risk for the 
mother with increased risk of infection and bleeding, and similarly, CS is associ-
ated with a high risk of infant death, preterm birth, breathing difficulties and 
iatrogenic injury [9, 12–15]. Other complications believed to contribute to mortality 
were intraoperative hypotension (75%), operative hemorrhage (53%), ventilation 
difficulty (14%), regurgitation of stomach contents (13%), pre-eclampsia (8%), 
and difficult intubation (1%) [10]. Furthermore, CS is associated with post-surgical 
complications such as postpartum hemorrhage and deep vein thrombosis which are 
major contributors to maternal mortality worldwide. CS is also a profitable surgi-
cal procedure for physicians and hospitals, despite the high cost of caesarean birth 
resulting in significantly increased health expenditure for individuals and families 
[16, 17]. In comparison, vaginal birth is associated with fewer risks, fewer interven-
tions such as anesthesia pose a lower potential for postpartum morbidity, involves a 
shorter hospital stay, is more affordable, and encourages earlier and better bonding 
between mother and infant [18]. The inappropriate use of CS is likely to contribute 
to the disease burden of poor obstetric outcome rather than improve it [10].

2. Prevalence and factors associated with CS

Low-income countries (LICs) especially sub-Saharan Africa have histori-
cally had very low CS rates, probably reflecting inadequate availability [19–21], 
whereas high income countries (HICs) generally have higher CS rates, indicating 
overuse [22]. In 2010, an estimated 3.5–5.7 million unnecessary caesarean sections 
were done in high and middle income countries (HMICs), whereas 1–3.5 million 
caesarean sections were needed, but not performed in LICs which is an indication 
of global extremes [23]. However, the burden of maternal mortality was high in 
countries with low caesarean section rates. In regions such as Sub-Saharan Africa, 
despite only 3.5% of all pregnant women delivering by caesarean section, 20% of all 
who died from any cause were delivered by caesarean section [11, 24]. The very high 



85

Magnitude, Factors Associated with Cesarean Delivery and Its Appropriateness
DOI: http://dx.doi.org/10.5772/intechopen.98286

rates of stillbirths and perinatal deaths in caesarean section births are of concern, 
particularly in Sub-Saharan region where up to one in ten babies delivered by 
caesarean section are stillborn. When the fetus is no longer alive, caesarean section 
is considered only if the birth needs to be rapidly expedited to avoid complications, 
or when vaginal birth is not appropriate. The high stillbirth and perinatal mortality 
may reflect conditions where caesarean sections were carried out despite a diagno-
sis of stillbirth or when the procedure was done far too late to save the baby [11]. 
Evidence shows increasing overuse of potentially harmful interventions especially 
caesarean section in facility births and one of the critical knowledge gaps identified 
for research priority in LMIC is over-medicalization of birth leading to increased 
rates of unnecessary CS [4, 25]. Overall, CS rates are lower in poorer women and 
tend to increase with rising economic status [26]. Disparities within countries and 
hospital-level variations in CS rates even within the same socio-demographic or 
economic groups, implied that TLTL and TMTS can coexist within countries and 
facilities [27, 28]. These indicates that, some women might be exposed to unneces-
sary CS while others do not get the CS they need [29]. Therefore, optimizing and 
ensuring the availability of a CS service while reducing the unnecessary CS for 
women is a global concern [30].

In Ethiopia physician-led obstetric care is provided by a four-tier healthcare 
system organized as primary health care units or health centers, district hospitals, 
general hospitals, and specialized hospitals. Ethiopia is one of the countries where 
CS practice is rising and reached 46% in the private for-profit sector and 18% in 
government institutions [31, 32]. The population-based CS rate of Ethiopia is still 
one of the lowest in the world (2%), since many women in need of CS never reach 
facilities (institutional delivery rate of 26%) and the disparities within a country 
might masked the national averages [29, 33]. This overall low coverage of CS 
indicates TLTL, however, a stark disparities with higher rates in private practice and 
higher wealth quintiles, suggesting TMTS for wealthy women [4, 29]. These differ-
ences have been linked to insufficient adherence to, or absence of, clear evidence-
based guidelines and reflect weak regulatory capacity especially in the private 
sector [4, 34–36]. Previous research undertaken by the applicant in support of this 
proposal reported a higher CS rate (47.6%) in Dessie town, Ethiopia with a signifi-
cant discrepancy between public (18.2%) and private (76.1%) sectors. Fetal distress 
was the leading cause of caesarean birth possibly due to over-diagnosis of abnormal 
fetal heart rate patterns in the absence of an electronic fetal monitoring system. 
Additionally, mothers having a history of previous caesarean birth had higher odds 
of having caesarean birth which may be associated with the obstetrician’s fear of 
attempting a trial of vaginal birth in facilities with limited fetal monitoring capa-
bilities. Furthermore, mothers whose labour was not monitored using partograph 
(a labour monitoring tool used to identify and intervene abnormal labour) had 
higher odds of CS as most of these women were referred from the primary health 
care facility to the nearby hospitals with a labour complication where emergency CS 
would be done without further monitoring of progress [37].

Evidences have shown the contribution of non-clinical factors to the rising trend 
of CS and suggested that identifying the determinants of caesarean birth is the pri-
ority to improve the efficacy of this obstetric intervention [38]. However, the deter-
minants of CS are very complex and include not only clinical indications, but also 
multiple factors: demographic, economic, social, logistical, and health system affect 
CS rates. On the other hand, most of the clinical indications are not absolute and 
very subjective, and disagreement sometimes exists between clinicians about when 
to use CS. This nature of clinical factors coupled with multiple non clinical factors 
including providers’ practice differences at facility and individual levels, financial 
incentives (private providers), and inadequate adherence to clear evidence-based 



Current Topics in Caesarean Section

86

guidelines contributes to significant variability among hospitals and countries 
concerning CS rates for particular medical indications [27, 39]. This, in turn, leads 
to inequities in the use of the procedure, not only between countries but also within 
countries with an additional financial burden upon the overstretched health system 
particularly in LMIC [40, 41]. Therefore, rising trends of caesarean birth impose an 
inappropriate allocation of scarce resources in the poor economy countries [40, 41].

3. Optimizing the use of caesarean section

To rationalize the use of this major procedure in obstetrics practice, individual 
providers, professional associations, facilities, and health-care systems should 
seek a path beyond TLTL and TMTS, which means reducing unnecessary CS 
while ensuring the availability of caesarean birth for women who required it [4]. 
However, the challenge is to keep CS rates low while maintaining safe outcomes 
for the mother and infant. This requires continuous auditing of CS and increasing 
adherence to guidelines [4, 42].

For such endeavor identifying the clinical and non-clinical factors contribut-
ing to caesarean birth and the appropriate consideration of risks and alternatives 
used in the decision to undertake a CS is an important activity. This is supported by 
evidence that indicates the main reasons for performing a CS were clinical factors 
and the doctor’s role in decision making [43]. Other non-clinical factors may also 
contribute, though these are more challenging to identify. For example, studies 
conducted to evaluate the appropriateness of decisions made for CS in Tehran and 
Uganda hospitals showed that more than half of CS performed was considered 
inappropriate with a significant difference between public and private hospitals. 
Conducting clinical audit would examine in more detail the clinical conditions for 
which they need for CS is questionable or inappropriate [39, 44, 45].

Therefore, auditing the clinical factors related to the use of CS is strongly 
recommended in all hospitals to reduce unnecessary interventions, to improve 
decision-making and consistency of practice among care providers particularly in 
resource-limited countries [43]. These in turn will increase adherence to guidelines 
and protocols in using the procedure, and to enable the development of guidelines 
or protocols that consider the difference of contextual factors [4]. Even though, 
global organizations are creating guidelines for interventions to reduce caesarean 
section rates evidence is insufficient for most strategies [4, 46]. More research is 
urgently needed on interventions for reducing unnecessary caesarean section and 
increasing vaginal birth after caesarean section rates [4].

Vaginal Birth After Cesarean Section (VBAC) is another mechanism of reduc-
ing CS rates since a repeat CS after caesarean birth is the major contributor to rising 
trends of CS rate globally [47]. However, limited numbers of mothers with a previ-
ous CS are allowed to attempt VBAC and factors behind this and its success was not 
well-understood [18]. Furthermore, perinatal outcomes of children born by caesarean 
section in LMIC are not known and the risks of maternal death after caesarean section 
in countries with low and high rates of the procedure are not known. Unless the key 
risk factors for complications in women undergoing caesarean section are known, it is 
difficult to target efforts to improve pregnancy outcomes [11, 48, 49]. In Ethiopia little 
information is locally available regarding outcomes between vaginal, VBAC and CS 
birth, and most of these studies provide limited evidence on maternal and perinatal 
outcomes occurred before hospital discharge and use secondary data which suffers 
from incompleteness and unreliable information [50].

The difficulty with monitoring and comparing CS rates, as well as planning 
or instituting interventions to modify CS rates, requires information about the 
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indications for CS and the appropriateness of surgical birth. A major part of the 
problem is that there is no agreed-upon international standard of classification of 
indications for CS. After conducting several systematic reviews, the WHO concluded 
that the Robson classification as a global standard tool for international use which is 
important to know which groups of women are mainly contributing to the increase 
in CS rate [51]. The Robson classification also called the Ten Group Classification 
System (TGCS), classifies women into 10 mutually exclusive and exhaustive groups 
based on the category of the pregnancy, the previous obstetric record of the woman, 
the course of labour and delivery, and the gestational age of the pregnancy [6]. 
Multiple studies have examined rising CS rates in high and middle-income countries 
using the Robson classification system, though few studies involving low-income 
countries have been conducted [52–56]. In Ethiopia only one study has been con-
ducted using Robson classification among women who underwent CS. The study was 
limited to one public hospital site which excludes the influences of private obstetric 
care [29]. Therefore, a prospective study involving both women receiving both 
public and private hospital care is recommended to understand the proportion of CS 
within each Robson group. Furthermore, as TGCS is not an audit of the appropriate-
ness of indications for CS, further research is required to assess the suitability of the 
clinical indications [29]. Whilst small number of studies have reported maternal and 
perinatal outcomes in Ethiopia [31, 32, 50] no previous research has explored the 
institutional and decision making factors influencing CS use despite a high rate of 
post-CS mortality and morbidity.

4. Conclusions

Inappropriate use of CS can have profoundly negative consequences for women 
and the broader community. A recent meeting of the International Confederation 
of Midwifes, the International Federation of Gynecologists and Obstetrics and the 
Gates Foundation to discuss the impact of rising CS rates on maternal and infant 
mortality in LMICs highlights the international importance of the issue. Knowledge 
of CS determinants is a first step in the effort to define strategies to reduce unneces-
sary CSs. Previous studies showed that the main reasons for performing CS are 
clinical factors. However, non-clinical factors such as demographic, health system 
factors, organizational variables were overlooked determinants that best predicted 
which women have a higher risk of CS. Therefore, auditing the clinical factors 
related to the use of CS is strongly recommended in all hospitals to reduce unneces-
sary interventions, to improve decision-making and consistency of practice among 
care providers particularly in resource-limited countries.
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Chapter 7

Association of Pre-Pregnancy 
Body Mass Index and Gestational 
Weight Gain with Preterm 
Delivery in Pregnant Women
Bhavya Baxi and Jigna Shah

Abstract

The perinatal mortality rate, which is one of the important adverse pregnancy 
outcome and includes stillbirths and infant death within first week of life is esti-
mated to be nearly 40 deaths per 1,000 pregnancies in Gujarat. Also the infant 
mortality rates have been estimated to be 50 deaths before age of one year per 1,000 
pregnancies. It is stated that children whose mothers are illiterate or belong to low 
socio-economic class have two and half times more chances to die within 1 year of 
their birth compared to those whose mothers have completed atleast 10 years of 
education or belong to high socio-economic class. There are nearly 13% of women 
who does not receive proper antenatal care and facility during pregnancy. In India, 
there are nearly half of the women (52%) who possess normal BMI range: rest 
are either underweight or overweight. Approximately 55% of the women of total 
population in India are anaemic. These maternal parameters directly affect the 
children causing 48% of the children to be malnourished and 43% to be under-
weight. Therefore, it is imperative to examine the association of pre-pregnancy 
Body Mass Index (BMI) as well as Gestational Weight Gain (GWG) with diverse 
pregnancy outcomes such as gestational diabetes, gestational hypertension and also 
with preterm delivery, caesarean delivery, etc. The present study was designed to 
investigate the prevalence, GWG, various pregnancy outcomes of underweight, 
overweight or obese pregnant women, and to explore the relationship between 
pre-pregnancy BMI as well as gestational weight gain during pregnancy and adverse 
pregnancy outcomes. This is a prospective, multi-centric study involving pregnant 
women with gestation week ≤20 weeks in Ahmedabad in Gujarat region. Our study 
observed that out of 226 women enrolled, 44 women (19.47%) were underweight, 
137 women (60.62%) were normal, 30 women (13.27%) were overweight and 15 
women (6.64%) were obese. The incidence of caesarean delivery (56.92%) was 
found more in nuclear family as compared to joint family (46.92%). It was found 
that in women taking no junk food at all, the chances of LBW were 16.39%, which 
was less as compared to mothers who had junk food. It was also observed that 
amongst women taking 1 glass milk daily (42.92%), about 55.67% of had normal 
type of delivery. Amongst women taking 1 fruit daily (57.52%), 53% women had 
normal delivery. Present study spotted decrease in risk of caesarean delivery with 
increase in maternal haemoglobin level from 9.0 gm/dl till 12.0 gm/dl. Average 
weight gain observed in underweight was 12.93 ± 1.90, in normal 12.32 ± 1.71, in 
overweight 10.23 ± 1.28 and in obese 9.6 ± 1.50. A negative correlation was found 
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between GWG and pre-pregnancy BMI, i.e. as pre-pregnancy BMI increase, the 
GWG decrease. The incidence of pre-term delivery (9.49%) was much less in nor-
mal BMI range. The average infant birth weight observed in underweight women 
was 2.63 ± 0.47, in normal was 2.9 ± 0.49, in overweight was 2.92 ± 0.56 and in obese 
was 2.95 ± 0.86. It is observed that highest birth weight is obtained in obese women, 
which decreases as the maternal BMI range decreases. The incidence of LBW in 
normal and overweight women was 15.33 and 16.67%, which was low as compared 
to obese and underweight women. Our study reveals that parameters such as GWG, 
type of family, intake of milk, fruits and junk food, haemoglobin concentration 
directly affects the pregnancy outcomes such as term of delivery, type of delivery 
and infant birth weight.

Keywords: preterm birth, prepregnancy, body mass index, weight gain,  
pregnant women

1. Introduction

The perinatal mortality rate, which is one of the important adverse pregnancy 
outcome and includes stillbirths and infant death within first week of life is esti-
mated to be nearly 40 deaths per 1,000 pregnancies in Gujarat. Also the infant 
mortality rates have been estimated to be 50 deaths before age of one year per 1,000 
pregnancies. It is stated that children whose mothers are illiterate or belong to low 
socio-economic class have two and half times more chances to die within 1 year of 
their birth compared to those whose mothers have completed atleast 10 years of 
education or belong to high socio-economic class. There are nearly 13% of women 
who does not receive proper antenatal care and facility during pregnancy [1].

In India, there are nearly half of the women (52%) who possess normal BMI 
range: rest are either underweight or overweight. Approximately 55% of the women 
of total population in India are anaemic. These maternal parameters directly 
affect the children causing 48% of the children to be malnourished and 43% to 
be  underweight [2].

The impact of prepregnancy body mass index (BMI) on maternal as well as 
neonatal outcomes has attracted wide spread attention these days. Several of the 
recent studies had reported that the prepregnancy BMI is associated with the 
child birth weight and it is also reported that mothers’ whose weight gain during 
pregnancy may be excessive or inadequate are more prone to poor maternal and 
child outcomes. The range of weight gain during pregnancy is constant since last 
10 years, although it may differs from one to another according to the maternal 
BMI [3]. According to the recommendations for weight gain during pregnancy by 
Institute of Medicine (IOM), both prepregnancy BMI and GWG are associated with 
the outcomes of pregnancy, either in correlation to mother or neonate or in both. 
Maternal and neonatal complications associated with BMI and GWG are of public 
health importance because they add to the disease burden in women and children 
and also increase the medical costs. Prior to pregnancy, all women should strive for 
appropriate body weights [4]. Gestational weight gain is a modifiable factor which 
can be controlled through diet as well as nutritional counselling during pregnancy 
to modify the inadequate or excessive weight [5].

The antenatal care involves various actions such as prevention and health care 
promotion of mother as well as neonate, early diagnosis and appropriate treatment 
of any problem occurring during this period of time. For proper antenatal care, 
monitoring the nutritional intake and status of pregnant women is important along 
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with examining the gestational weight gain, haemoglobin level which also possesses 
direct co-relation with maternal and foetal health [6].

Various studies have been conducted which suggests the correlation of differ-
ent maternal parameters with adverse pregnancy outcomes. A study by Li et al. 
observed that maternal prepregnancy BMI was positively associated with risks of 
gestational diabetes mellitus (GDM), pregnancy-induced hypertension, caesarean 
delivery, preterm delivery, LGA, and macrosomia, and inversely associated with 
risks of SGA and LBW. They also found that maternal excessive GWG was associ-
ated with increased risks of pregnancy-induced hypertension, caesarean delivery, 
LGA, and macrosomia, and decreased risks of preterm delivery, SGA, and low 
birth weight [3]. Another study by Steer P.J observed that the minimum incidence 
of low birth weight (< 2.5 kg) and preterm labor (< 37 completed weeks) occurs 
in association with a haemoglobin concentration of 95–105 g/L. Thus associating 
the haemoglobin levels with infant birth weight and term of delivery [7]. Adverse 
pregnancy outcomes are more common in women who begin the gestation as 
undernourished or as obese in comparison to pregnant women whose weight is 
within normal ranges. Maternal malnutrition increases the risks of birth weight, 
premature birth, foetal growth retardation, SGA infants and is associated with 
perinatal morbidity and mortality; insufficient intake of certain nutrients is related 
to some foetal congenital anomalies and birth defects. Gestational underweight has 
also been linked to infant inclination to certain chronic illnesses (diabetes mellitus 
type 2, hypertension, coronary disease, and stroke) in adulthood [8].

Low prepregnancy BMI (<19.5) is associated with many adverse pregnancy 
outcomes. In a country like India, where maternal underweight remains more 
common than overweight, the influence of maternal underweight BMI can affect 
mother and neonate adversely in many ways. Low Prepregnancy BMI is said to be 
associated with pregnancy outcomes such as preterm birth, LBW (i.e. birth weight 
less than 2500grams) or small SGA [9]. Women with lower than normal maternal 
body weight are prone to elevated risk for adverse prenatal outcomes such as intra-
uterine growth restriction (IUGR) as well as increased risk of subsequent obesity 
and hypertension in the offspring [10]. Also the SGA neonates are at risk for low 
Apgar scores, meconium aspiration, seizures, respiratory complications, extended 
hospital stays, and long-term squeal, including metabolic syndrome and neurologic 
deficits [11].

The prevalence of overweight (BMI 25–29.9 kg/m2) and obesity (BMI 
30–34.9 kg/m2) is increasing rapidly among obstetric population. Further studies 
report that complications due to obesity can cause excess health care service use, 
including increased hospital stay during or after pregnancy [12]. Women with 
higher BMI during pregnancy are at higher risk of antenatal, intrapartum, post-
partum and neonatal complications. Antenatal complications include recurrent 
miscarriage, congenital malformations, pregnancy induced hypertension (PIH), 
pre-eclampsia, gestational diabetes mellitus (GDM) and venous thromboembolism. 
Overweight and obese women are more likely to be induced and require a caesarean. 
Infants of overweight and obese mothers are often macrosomic and require pro-
longed hospital admission [13].

The iron concentration is less in females compared to males because of blood 
loss due to menstruation. Moreover during pregnancy, the foetal demand of iron 
is increased so more iron intake is required. It is also observed that the absorp-
tion of iron from the food during pregnancy increases along with the increasing 
gestational week, but this occurs only if there if sufficient iron concentration in the 
diet. Although very rare, but incidences of anaemia causing low birth weight and 
pre-term birth have been reported [7].
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It is very important to maintain maternal nutritional status during pregnancy 
since it directly affects the foetal growth prior and post-delivery. It is highly recom-
mended to consume balanced diet during pregnancy which is described by Indian 
Council of Medical Research (ICMR). It is frequently observed that low or improper 
nutrition intake during pregnancy may lead to insufficient weight gain, pre-term 
delivery, still birth, IUGR, as well as increase the morbidity and mortality rates 
which directly affect the maternal and neonatal health [14].

In modern times, the stress is increasing day by day. Since antiquity, people have 
thought that the emotions and experiences of a pregnant woman impinge on her 
developing foetus. Maternal stress has been found to possess adverse effect on peri-
natal as well as future developmental outcomes. Various stressors may be responsible 
for causing stress in pregnant women such as various life events (death of a relative, 
divorce, serious illness etc.), any physical aggravations, financial, domestic or any 
such type of factor. Any of the stressors thus activates the hypothalamus–pituitary–
adrenal cortex system (HPA axis) and the sympathetic nervous system–adrenal 
medulla system. Hormonal imbalance occurs within the system because of hormones 
like Corticotropin Releasing Hormone (CRH), Adrenocorticotropin-releasing 
Hormone (ACTH), cortisol, and noradrenaline release. Spontaneous abortions, 
structural malfunction, preeclampsia, preterm delivery and low birth weight are the 
general adverse outcomes of various types of stress during pregnancy [15, 16].

According to the recent estimates of third National Family Health Survey 
(NFHS-3, 2005–2006), more than one-third (33%) of ever-married women aged 
15 ± 49 in India have a BMI below 18.5 indicating chronic nutritional deficiency 
(CED) or underweight, and 14.8% of women are overweight or obese. Out of 
29 Indian states, in total 13 states, more than 35% of women are too thin, and 
the percentage of overweight are more than underweight women in the states of 
Delhi, Punjab, Sikkim, Kerala, that is, a significant proportion of underweight 
women coexisting with high rates of overweight or obese in these states. Thus, 
Indian women suffer from a dual burden of malnutrition, with nearly half (48%) 
being either too thin or overweight. On the other hand, the percentage of thinness 
and overweight or obese is somewhat lower for men aged 15 ± 49 (34 and 9%, 
 respectively) than for women aged 15 ± 49 [17].

As such pregnancy and its complications can occur in any part of the world 
without any correlation with race or species. Various studies are conducted in 
India which correlate individually between various aspects of GWG and maternal 
pre-pregnancy BMI to preterm delivery, but no such studies are conducted in the 
state of Gujarat regarding the same. Hence a study was designed to investigate the 
correlation between GWG, pre-pregnancy BMI, haemoglobin concentrations, vari-
ous stressors and diet during the period of pregnancy, with the preterm delivery. 
The main aim and objectives of the study were to study prevalence of underweight, 
overweight or obese pregnant women and GWG during pregnancy, to determine 
the risk of underweight, overweight or obese pre-pregnancy BMI, and other comor-
bidities in pregnant women, to study the correlation between Pre-pregnancy BMI as 
well as GWG during pregnancy and preterm birth.

2. Study methodology

2.1 Study design

This was a prospective, multi-centric study which involved pregnant women 
from various hospitals whose detailed information was filled in the case record 
form. The study involved pregnant women with gestation week ≤20 weeks.
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Informed consent of the pregnant women and the permission from hospi-
tals were study was conducted was taken. Study approval was obtained from 
Institutional Ethical Committee, in agreement with local legal prescriptions, for 
formal review and approval of the study conduct. CRF and ICF were also submitted 
along with this for ethics committee approval. The study proposal was approved by 
Institutional Ethical Committee, Nirma University (Approval No: IEC/NU/14/2).

A pre-designed case record form was used for data collection. Information on 
maternal and paternal demographic data, socio-economic status, education and 
habit was taken. Also details regarding type of family, physical or mental stress, 
dietary information, history regarding gravidity and parity, present data regarding 
last menstrual date, estimated delivery date, comorbid conditions, actual delivery 
date, type of delivery, infant weight and gender was noted. Details of laboratory 
investigations, vitals, GWG and current medications were recorded from the file of 
pregnant women given from respective hospitals. Weight and height were measured 
by standard protocol and calibrated instruments. BMI was calculated as weight (kg) 
divided by height (m2).

Privacy and confidentiality of pregnant women was maintained at all levels and 
subject name, address or contacts was not revealed at any stage during the study.

2.2 Settings and location

Pregnant women were selected randomly from Gujarat Cancer Society Medical 
College, Hospital and Research Centre, Binal Maternity Nursing Home and 
Nanavati Maternity Hospital.

2.3 Sample size selection

Sample size calculated was 384. The sample size calculation was done based 
on the prevalence of pre-term delivery in pregnant women in India. Out of 384 
women, study was done on 250 women due to limited time availability. Amongst 
them, 226 women appeared for delivery at the same hospital from which they were 
enrolled. So finally the data of 226 were used for the study purpose.

2.4 Sampling criteria

2.4.1 Inclusion criteria

• Women from age 19 years to 45 years.

• Women not suffering from diabetes mellitus at the time of enrolment.

• Women not suffering from hypertension at the time of enrolment

• Women who are of gestational age of not later than 20 weeks at the time of 
enrolment.

2.4.2 Exclusion criteria

• Women of age below 19 years and above 45 years.

• Women having previous history of epilepsy or other CNS disorders.

• Women having previous -history of any liver related disorders.
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• Women with any type of cancer or previous history of any type of cancers.

• Women with pre-existing hypertension, diabetes

• Multiparous women were also not included.

2.5 Data collection tool

• Informed consent form (English and Gujarati) (Annexure IA and IB)

• Case record form (English and Gujarati) (Annexure IIA and IIB)

• Information for participants (English and Gujarati) (Annexure IIIA and IIIB)

2.6 Parameters

Following parameters were considered for occurrence of adverse pregnancy 
outcomes:

• Prepregnancy BMI

• GWG

• Previous obstetric history

• Diet

• Socioeconomic status

• Haemoglobin concentration

2.7 Data analysis method

After the collection of data, analysis was done by using various statistical 
parameters. Pearson Correlation was used to correlate the parameters with adverse 
pregnancy outcomes to find the significance. All continuous variables were  
presented as mean ± SD. Other variables were presented in the percentage of 
population having a specific value.

3. Results

A total of 226 pregnant women who met the inclusion and exclusion criteria’s 
were enrolled and completed the study.

3.1 BMI distribution

It was observed during the study that out of 226 women enrolled, 44 women 
(19.47%) were underweight, 137 women (60.62%) were normal, 30 women 
(13.27%) were overweight and 15 women (6.64%) were obese. Thus maximum 
population was found to be normal according to BMI (Figure 1).
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3.2 Maternal education

On grouping of maternal education with BMI, it was observed that in all the BMI 
ranges, there were very few subjects who were either illiterate or had just completed 
the primary education. Amongst underweight, 15.91% were illiterate or primarily 
educated, 50% had completed secondary education, and 34.09% had college or 
higher education completed. Within normal range, 12.41 were illiterate or primarily 
educated, 39.42% and 48.17% had their secondary and college or higher education 
completed. In overweight subjects, 23.33% were illiterate or primarily educated, 
33.33% had secondary education and 43.33% had college or higher education 
completed respectively. In obese population, 13.33% were illiterate or primarily 

Figure 1. 
Distribution of BMI ranges.

Figure 2. 
Maternal education according to BMI.
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educated, 53.33% had completed their secondary education and 33.33% had studied 
till college or higher education (Figure 2).

3.3 Paternal education

In paternal education also, there were more males who had their secondary 
or college or higher education finished compared to them who were just primary 
educated. In underweight population, 6.85% males were illiterate or had their 
primary education only. 61.36% and 31.82% had their secondary and college or 
higher education completed respectively. In normal BMI range, 8.03% were primar-
ily educated, 35.77% had completed secondary education and 56.2% had completed 
college or higher education. In overweight class, 3.33% were illiterate or had their 
primary education, 40% and 56.67% had secondary and college or higher education 
completed. In obese population, 6.67% fathers were illiterate or primary edu-
cated, 53.33% had secondary education and 40% had college or higher education 
(Figure 3).

3.4 Total monthly income

An average subjects enrolled in all the BMI classes had their monthly income in 
range from 10,000-39,000. Very few had it below 5,000. In underweight popula-
tion, 18.18% had monthly income below 4999, 31.82% had it between 5000–9999, 
25% in 10,000-19,999, 15.91% in 20,000–39,999 and 9.09% had it above 40,000. In 
normal population, 11.68% had income below 4999, 19.71% between 5000–9999, 
30.66% between 10,000-19,999, 27.01% between 20,000–39,999 and 10.95% 
above 40,000. In overweight population 13.33% were below 4999, 16.67% between 
5000–9999, 30% between 10,000-19,999, 23.33% between 20–000-39,999 and 
16.67% above 40,000. And in obese class, 13.33% were below 4999, 13.33% between 
5000–9999, 26.67% between 10,000-19,999, 26.67% between 20,000–39,999 
and 20% was above 40,000. It was found that in underweight, more subjects had 
income below 5,000 compared to other classes, whereas in obese, more subjects had 
income above 40,000 in comparison to other classes which indirectly reflected their 
nutritional status (Figure 4).

Figure 3. 
Paternal education according to BMI.
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3.5 Socio-economic status

3.5.1 Socio-economic status and term of delivery

In present study, it was observed that in lower socio-economic class, incidence 
of pre-term birth (12%) was nearly equal to that observed in middle class (13.20%) 
and upper middle class (12.64%). But in upper socio-economic class, the incidence 
of pre-tem delivery was found 54.54%. In lower class, 86.67% had full-term and 
1.33% had post-term delivery. In middle class, 84.90% and 1.89% had full-term  
and post-term delivery respectively. In upper middle class, 86.20% had full-term 
and 1.14% had post-term delivery. And in upper class, the rest of 45.54% had 
full-term delivery. A partial negative correlation (r = −0.116) was observed between 
socioeconomic status and term of delivery (Figure 5).

3.5.2 Socio-economic status and type of delivery

It was observed from the study that the frequency of normal delivery was lower 
in upper class compared to lower socio-economic class. In lower class, 58.67% had 
normal and 41.33% had caesarean section delivery. In middle class, 52.83% were 

Figure 4. 
Total monthly income of family according to BMI.

Figure 5. 
Socio-economic status and term of delivery.
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having normal delivery, 43.39% were having caesarean section and 3.77 were having 
forcep delivery. In upper middle class, 48.27% were having normal, and 51.72% 
were having caesarean section delivery. And in upper class, 36.36%, 54.54% and 
9.09% were having normal, caesarean section and forcep type of delivery respec-
tively. A partial positive correlation (r = 0.177), thus is obtained between socio-
economic class and type of delivery (Figure 6).

3.5.3 Socio-economic status and GWG

The study also showed, whether or not there is any correlation between socio-
economic status and gestational weight gain. On an average, every class gained 
almost similar GWG. In lower class, underweight women gained 13.05 ± 2.01, 
normal gained 12.44 ± 1.61, overweight gained 9.88 ± 1.46 and obese gained 
0.933 ± 0.58 of weight during gestational period. In middle class, underweight 
gained 12.5 ± 1.58, normal gained 12.1 ± 1.56, overweight gained 9.88 ± 1.55 and 
obese gained 9.6 ± 1.82 weight. In upper middle class women, underweight gained 
13 ± 2.01, normal gained 12.48 ± 1.83, overweight gained 10.7 ± 1.06 and obese 

Figure 7. 
Socio-economic status and GWG.

Figure 6. 
Socio-economic status and type of delivery.
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gained 9.71 ± 1.70. In obese women, underweight gained 14, overweight gained 
11 ± 1.55 and overweight gained 10.5 ± 0.58 weight (Figure 7).

3.6 Type of family

In present study, 71.24% families were joint type and the rest 28.76% were 
nuclear. The incidence of caesarean delivery (56.92%) was more in nuclear family 
as compared to joint family (46.92%). 57.14% and 40% had normal delivery in 
joint and nuclear family respectively. Forcep delivery was observed in 0.62% in 
joint family and 3.08% in nuclear type of family. A fractional positive correlation 
(r = 0.16) is observed between type of family and type of delivery (Figure 8).

3.7 Past obstetric history

3.7.1 Previous delivery and present delivery

In present study we compared type of previous delivery(ies) to type of present 
delivery. It was observed that the risk of caesarean section delivery was more in 
women who had previous history of caesarean section. Rest 28.89% had previous 
caesarean section and 4.44% were such who had both type of deliveries. In women 
who presently had caesarean section delivery, 41.67% were having previous history 
of normal delivery and 58.33% were having previous history of caesarean section. 
In women who had previous normal delivery, 66.67% had normal delivery in pres-
ent pregnancy also (Figure 9).

3.7.2 Number of abortions/miscarriage and term of delivery

It was observed during the study that not much of a significant correlation 
was observed between number of abortions/miscarriage and term of delivery. In 
women who had undergone no abortion/miscarriage, the incidences of pre-term, 
full-term and post-term delivery were 13.02%, 85.20% and 1.77% respectively. On 
the other hand, in females who had undergone 1 abortion/miscarriage, 20.45% had 
pre-term delivery and 79.54% had full-term delivery. In women who had more than 
2 abortions/miscarriage, 15.38% and 84.61% had pre-term and full-term delivery 
respectively (Figure 10).

Figure 8. 
Type of delivery according to type of family.
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3.7.3 Number of abortions/miscarriage and type of delivery

We also studied number of previous abortions/miscarriage and type of present 
delivery and tried to find out whether any correlation exists between the two or 
not. It was discovered that in women who had no history of abortion/miscarriage, 
54.44% had normal delivery and 44.97% and 0.59% had caesarean section and for-
cep type of delivery respectively. In woman having 1 abortion/miscarriage, 47.73% 
had normal delivery, 47.7 had caesarean section and 4.4% had forcep delivery. And 
in women who had more than 2 abortions/miscarriage, 38.46% had normal delivery 
and 61.54% had caesarean section delivery (Figure 11).

3.8 Prevalance of stress

Current study showed that in underweight subjects, 50% had no stress at all. 
34.09% had one type of stress. 13.64% had two types of stress and 2.27% had any 
3 type of stress. In normal BMI women, 72.26% had no stress, 20.44%, 4.38% and 

Figure 9. 
Previous delivery and present delivery.

Figure 10. 
Number of abortion/miscarriage and term of delivery.
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2.92% had one type, two type and three type of stress respectively. In overweight 
women, 70% were stress free, 20% had one type and 10% had two types of stress. 
And in obese population, 33.33% had no stress, 40% had one type and 26.67% had 
two types of stress. The subjects having any 1 type of stress (physical, occupational, 
social, financial or pregnancy related) were more in underweight (34.09%) and 
obese (40%) class. The study revealed that in all BMI ranges, except obese, maxi-
mum subjects had no stress at all; whether physical or mental (Figure 12).

3.9 Dietary Information

3.9.1 Milk and infant birth weight

The study revealed that in women, who had consumed no milk during gesta-
tional period, 20.59% had LBW infant, 73.53% had normal and 5.88% had HBW 
infant. In subjects who occasionally had milk, 30.77% had LBW infant and 69.23% 
had normal infant birth weight. In women who had 1 glass milk daily, the incidence 
of LBW infant was 20.62%, normal birth weight was 75.26% and HBW was 4.12%. 
The mothers who drank 2 glass of milk, LBW, normal and HBW percentage was 

Figure 11. 
Number of abortions/miscarriage and type of delivery.

Figure 12. 
Prevalence of stress according to BMI.
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found to be 20.25%, 77.22% and 2.53% respectively, while mothers who drank 3 
glasses of milk, 33.33% were having LBW infant and 66.67% had normal infant 
weight. It was observed that the chances of LBW infant was less in women who had 
1 or 2 glass of milk compared to them who had no milk or occasionally had milk 
(Figure 13).

3.9.2 Fruits and infant birth weight

It was observed in the study that 23.53% women who had no fruits during the 
gestational period were having LBW infant and 76.47% were having normal infant 
weight. In subjects who occasionally ate fruits, 23.29% were having LBW 76.71% 
normal birth weight infants. In women who had atleast 1 fruit the chances of LBW 
was 19.32%, normal birth weight was 74.62% and HBW was 6.15%. In women tak-
ing more than 1 fruit daily, 33.33% had LBW and 66.67% had normal birth weight 
infants. It is observed that the chances of LBW infant are comparatively less in 
women taking 1 fruit daily (Figure 14).

3.9.3 Junk food and infant birth weight

The frequency of junk food whether affects the infant birth weight was also 
determined in the study. It was found that in women taking no junk food at all, the 
chances of LBW were 16.39% and normal birth weight and HBW are 78.69% and 
4.92% respectively. In women taking junk food once a month there were 22.33% 
LBW, 74.76% normal birth weight and 2.91% HBW infants. In women who took 
junk food every 15 days (fortnight), 25.58% were LBW, 72.09 were normal weight 
and 2.33% were HBW infants. Subjects who had junk food once or twice a week, 
21.05%, 73.68% and 5.26% infants were LBW, normal weight and HBW respectively 
(Figure 15).

3.9.4 Diet and type of delivery

It was also observed that amongst women taking 1 glass milk daily (42.92%), 
about 55.67% of had normal type of delivery. Amongst women taking 1 fruit daily 
(57.52%), 53% women had normal delivery. No correlation was observed between 
junk food frequency and type of delivery.

Figure 13. 
Comparison of milk taken to infant birth weight.
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Figure 14. 
Comparison of intake of fruits to infant birth weight.

Figure 15. 
Comparison of junk food to infant birth weight.

Figure 16. 
Haemoglobin and type of delivery.
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Figure 17. 
Haemoglobin and average GWG.

Figure 18. 
Haemoglobin and term of delivery.

3.10 Haemoglobin

3.10.1 Haemoglobin and Type of delivery

From the present study it was spotted that an insignificant decrease in risk of 
caesarean delivery was observed with increase in maternal haemoglobin level from 
9.0 gm/dl till 12.0 gm/dl (Figure 16).

3.10.2 Haemoglobin and GWG

No specific correlation was obtained between maternal haemoglobin concentra-
tion and GWG, as well as maternal haemoglobin concentration and term of deliv-
ery. It was observed that maximum weight gain is seen in the haemoglobin range 
9.0–11.9 g/dl (Figure 17).

3.10.3 Haemoglobin and term of delivery

No exact correlation between haemoglobin level and term of delivery was 
observed within the current study. Maximum percentage of pre-term deliveries are 
observed within haemoglobin range 10–12.9 g/dl. As a fact it may be due to reason 
that this range contains maximum number of population (Figure 18).



109

Association of Pre-Pregnancy Body Mass Index and Gestational Weight Gain with Preterm…
DOI: http://dx.doi.org/10.5772/intechopen.96922

3.11 GWG

3.11.1 GWG according to BMI

The gestational weight gain observed in each BMI class was almost in accor-
dance with that provided by IOM. Average weight gain observed in underweight 
was 12.93 ± 1.90, in normal 12.32 ± 1.71, in overweight 10.23 ± 1.28 and in obese 
9.6 ± 1.50. A partial negative correlation (r = −0.474) was found between GWG 
and pre-pregnancy BMI, i.e. as pre-pregnancy BMI increases, the GWG decreases 
(Figure 19).

3.11.2 GWG and infant birth weight

It was observed that there is increase in infant birth weight as the GWG 
increases. But the increase is very minimal on observation. Thus as a fact, no 
 correlation was obtained between GWG and infant birth weight.

Figure 19. 
Average GWG according to BMI.

Figure 20. 
Term of delivery according to BMI.
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3.12 Term of delivery

The term of delivery is definitely affected by the pre-pregnancy BMI. In our 
study, in underweight women, 22.73% were pre-term and 77.28% were full-term 
deliveries. In normal BMI range, 9.49%, 88.32% and 2.19% were pre-term, full-term 
and post-term deliveries respectively. In overweight women, 26.67% were pre-term 
and 73.33 were full-term deliveries. In obese women, a total of 13.33% deliveries 
were pre-term and the rest of 86.67% were normal deliveries respectively. A partial 
positive correlation (r = 0.166) was found between term of delivery and pre-preg-
nancy BMI (Figure 20).

3.13 Infant weight

3.13.1 Maternal BMI and average infant birth weight

The association between maternal pre-pregnancy BMI and infant birth weight 
was clearly seen in the current study. The average weight in infant during birth is 
as shown in Figure 21. It is observed that highest birth weight is obtained in obese 

Figure 21. 
Maternal BMI and average infant birth weight.

Figure 22. 
Maternal BMI and average infant birth weight range.
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women, which decreases as the maternal BMI range decreases. A partial positive 
correlation (r = 0.147) between pre-pregnancy BMI and infant birth weight.

3.13.2 Maternal BMI and infant birth weight range

An infant may have LBW, normal birth weight or HBW depending upon indi-
vidual maternal gestational weight gain and other conditions. In our study, it was 
observed that in underweight women, 38.64% neonates are LBW, 2.27 with HBW 
and 59.09% with normal weight. In mothers with normal BMI, the infants born 
were 15.33%, 2.19% and 82.48% LBW, HBW and normal birth weight. In over-
weight women, 16.67% were LBW, 3.33% were normal birth weight and 80% were 
HBW infants. In obese population, 33.33%, 20% and 46.67% were LBW, normal 
birth weight and HBW infants respectively. A partial positive correlation (r = 0.16) 
is observed between maternal pre-pregnancy BMI and infant birth weight range 
(Figure 22).

4. Discussion

Different studies have been conducted in different parts of India, thus correlat-
ing pre-pregnancy BMI and GWG with the pregnancy outcomes. But very few or 
we can say no study have been conducted in Gujarat region which covers all such 
parameters affecting pregnancy. Thus we had conducted such as study which deter-
mines the prevalence and risk factors for BMI ranges like underweight, normal, 
overweight and obese. And also studies the GWG and correlation between GWG, 
pre-pregnancy BMI and different pregnancy outcomes. So we conducted a prospec-
tive, multicentric study including pregnant women in Ahmedabad for getting a 
better idea regarding GWG and pre-pregnancy BMI.

Our study possesses maximum population (62%) in normal BMI range followed 
by underweight, then overweight and finally least population was in obese BMI. 
A similar distribution of pre-pregnancy BMI was observed in a study conducted 
in Maharashtra in 2013, where amongst 400 pregnant women more than 50% had 
normal BMI and less than 10% population was found obese [18].

It was observed that in all the BMI ranges, there were more of women who had 
completed secondary or college or higher education compared to primary educa-
tion. Same as that, there were nearly <10% males in all population range who either 
illiterate or were just primarily educated.

In present study, the upper socio-economic class showed higher incidences of 
pre-term delivery. A partial negative (r = −0.116) was observed between socio-
economic status and term of delivery. In a similar study conducted by Wood et 
al., observed a modest increase in the risk of spontaneous preterm birth with low 
socio-economic status [19]. Regarding socio-economic status and type of delivery, 
decreasing incidence of normal delivery was observed from lower to upper socio-
economic class. A partial positive correlation (r = 0.177), thus is obtained between 
socio-economic class and type of delivery.

Unlike this, a study by Gissler et al., concluded that women with the lowest 
socio-economic status were more likely to give birth by caesarean section delivery, 
indicating that increase in pregnancy complications increases the need for the same 
[20]. Socio-economic status showed no significant correlation to GWG. On an 
average, every BMI range belonging to every socio-economic class gained similar 
gestational weight during pregnancy. In contrast to this, a study by Andersson et al., 
observed that the mothers belonging to low socio-economic class gained only 5.5 kg 
weight during pregnancy while women from affluent societies gain about 12.5 kg. 
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They stated that the low gestational weight gain in low socio-economic family may 
be due to lack of food [21].

During our study, it was found that the incidence of caesarean type of delivery 
was more in nuclear family as compared to joint family. A fractional positive 
correlation (r = 0.16) was observed between type of family and type of delivery. 
Whereas in a study by Kilic, observed no correlation between type of family and 
type of delivery [22].

It was observed during the study that in women with previous caesarean section 
delivery, the risk of current delivery to be of caesarean section type increases. No sig-
nificant correlation was observed between number of abortions/miscarriage and term 
of delivery. It was observed that as the number of abortions/miscarriage increases, 
the chances of caesarean section increases. Bhattacharya et al. [23], observed that 
the risk of preterm birth after abortion/miscarriage is lower than that after miscar-
riage but higher than that in a first pregnancy or after a previous live birth. This risk 
is not increased further in women who undergo two or more consecutive abortions 
[23]. Also in our study the incidence of increase in caesarean section and decrease in 
normal type of delivery is observed on increase in number of abortions.

Regarding stress, a partial positive correlation is observed in physical stress and 
GWG (r = 0.115) and type of delivery (r = 0.10). Thus as stress increase, there is 
increase in GWG. There is no correlation of physical stress with infant birth weight, 
whereas a negative partial correlation (r = −0.13) is observed with term of delivery. 
Any type of mental stress has no correlation with any of the outcomes such as 
GWG, type of delivery, term of delivery or infant birth weight. Study by Dole et al., 
stated that any psychosocial stress or anxiety is related to risk of pre-term delivery 
[24] another study by Zhu et al., observed that prenatal severe life events may 
increase the risk of pre-term birth or low birth weight infant [25].

The present study concluded that the risk of LBW infant in women who con-
sumed 1 or 2 glass of milk daily was comparatively less than women who did not 
consumed milk at all. Also the risk of LBW infant decreases if minimum of 1 fruit is 
consumed everyday. No major deviation was observed in women who ate junk food 
as compared to them who did not have it. The occurrence of normal delivery is high 
in women consuming 1 glass of milk and 1 fruit daily.

Statistically no correlation was obtained between haemoglobin level and type of 
delivery. This is in contrast to the results obtained by Francis et al., who reported a 
significant relationship between maternal haemoglobin level and type of delivery 
[26]. It was observed during the study that no specific correlation occurs between 
haemoglobin level and term of delivery. A similar non-correlation was obtained 
between haemoglobin and term of delivery in a meta-analysis performed by Haider 
et al. [27] and Koura et al. [28]. Whereas a study by Bakhtiar et al. [29], observed 
that decrease in haemoglobin concentration can cause pre-term birth. No correla-
tion was observed in present study between haemoglobin level and GWG [29]. Also 
no correlation has been found between haemoglobin level and GWG.

In our study a partial negative correlation (−0.474) was observed between GWG 
and pre-pregnancy BMI. As pre-pregnancy BMI increases, the gestational weight 
gain decreases. This is in contrast to study performed by Joshi et al. 2013, where they 
obtained significant association between prepregnancy BMI and GWG (P < 0.001). 
They suggested that the women with normal pre-pregnancy BMI gained adequate 
weight while women with low BMI gained inadequate weight and high BMI patients 
tend to move towards increased weight gain [18]. Another study by Montpetit et al., 
also observed a positive correlation (r = 0.35, P = 0.007) between pre-pregnancy 
BMI and GWG [30]. Unlike this, a study by Nohr et al. 2008, found high variation 
in weight gain, and it also increased across BMI groups. They observed that nearly 
50% of underweight and normal weight women gained 10–15 kg, and that the low 
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gain was more common among overweight and obese women than among under-
weight and normal weight women, and also that 40% of the obese women gained 
<10 kg [4].

The study shows a partial positive correlation (r = 0.421) between GWG and 
infant birth weight. However, a study by Chiba et al., observed no correlation 
between birth weight and GWG [31]. On contrary, a study by Mamun et al., found 
that mothers who gained excessive weight were more likely to have had higher birth 
weight infants [12]. A study by Rao et al., also found that with an increase in weight 
gain during pregnancy from 5 to 11 kg or more, there was a corresponding increase 
in mean birth weight. This increase was statistically significant (P < 0.05) [32].

Present study shows partial positive correlation (r = 0.166) between term of 
delivery and pre-pregnancy BMI. Various studies have been suggestive of effect of 
BMI on term of delivery. A study by Li et al. [3], suggested a positive association 
between maternal pre-pregnancy BMI and pre-term delivery (P < 0.001). Another 
study by Simas et al. also concluded the same association between BMI and term of 
delivery [11].

Present study found that the incidence of LBW (33.33%) and HBW (20%) was 
more in obese women compared to women with normal or underweight BMI. A 
study in Gorakhpur analysed maternal and foetal complications in overweight and 
obese women and observed that macrosomia and LBW were significantly (<0.05) 
more in overweight and obese women in contrast to normal BMI women [33]. 
Another study by Prabha et al. 2014, noted that LBW seemed to be more com-
mon with higher BMI groups; it was found to be non-significant after adjusting 
for confounders. However, macrosomia was more common and significant in the 
overweight and obese groups with ORs of 3.36 (95% CI: 1.51–7.49) and 8.30 (95% 
CI: 2.99–23.03) respectively, compared with the normal BMI group [34].

5. Conclusion

The percentage of pregnant women with normal BMI range is maximum 
followed by underweight, overweight and obese in Ahmedabad region. A partial 
negative co-relation was observed between socio-economic status and term of 
delivery. Moreover, there was a partial positive association of socio-economic class 
and type of family with type of delivery. In the women with previous caesarean sec-
tion delivery, the risk of current delivery to be of caesarean section type increases. 
Additionally, it was observed that as the number of abortions/miscarriage increases, 
the chances of caesarean section increases. A negative partial correlation of physical 
stress is observed with term of delivery. Stress and dietary habits too modify the 
term of delivery, type of delivery and infant birth weight. As pre-pregnancy BMI 
increases, term of delivery decreases. As GWG decreases, the infant birth weight 
decreases. Present study found that the incidence of LBW and HBW was more in 
obese women compared to women with normal or underweight BMI.

Abbreviations

BMI Body Mass Index
GWG Gestational Weight Gain
HBW high Birth Weight
LBW Low Birth Weight
LGA Large for Gestational Age
SGA Small for Gestational Age
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Prevention of Cesarean Scar 
Defects: What Is Possible?
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Abstract

Defect healing of the uterotomy at ceasarean section (CS) results in a morpho-
logical und probably functional disruption of the anterior uterine wall. Clinical 
sequelae concern subsequent pregnancies with a broad range of complications 
before and during pregnancy as well as at birth. In the following chapter, we 
provide an overview about the definition, diagnosis, symptoms and pathogeneti-
cal mechanisms of CS scar defects. Keeping in mind the pathogenesis allows to 
 introduce preventative approaches.

Keywords: suture technique, peritoneum closure, contractions, immunology,  
tissue repair

1. Introduction

1.1 Definition of uterine scar defects

With the increasing rate of CS worldwide a meaningful long-term complication 
has been observed within the last two decades: the development of defects of the 
uterine scar. Previously, these defects were referred to as “pouch”, “uterine/cesarean 
scar defect”, “uterine diverticulum” or “sacculation” [1]. Nowadays, the terms 
“isthmocele” or “niche” are best established [2].

As niches occur almost exclusively after CS [3, 4], they are located within the 
uterine isthmus at the site of the former uterotomy [5]. There is still no interna-
tional consensus about the exact definition of a niche or a standardized classifica-
tion. Therefore, prevalence rates are of wide range [1]. Due to ongoing research, 
initial gaps in knowledge start to close [6]:

Most commonly, a niche is defined as any indentation of the myometrium at 
the location of the uterotomy with a depth of at least 2 mm [2]. The depth of a 
large niche either ranges between 50 and 80% of the myometrial thickness, or 
leaves a remaining myometrial thickness (RMT) thinner than 2.2 mm (measured 
by transvaginal ultrasound -TVUS-) or 2.5 mm (measured by contrast enhanced 
sonohysterography –SHG-), respectively [1]. Concerning the shape of the niche, 
the following subclassification was suggested: A simple niche (without any further 
branch), a simple niche with one branch, and a complex niche (with more than one 
branch) [2] (Figures 1–3). In most cases, the appearance of a niche is triangular in 
shape, but it can also be round [3]. A scar dehiscence is defined as a complete defect 
of the myometrium (Figure 4) [3].
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Figure 2. 
Simple niches with branches.

Figure 3. 
Complex niches.

Figure 1. 
Simple niches.

Figure 4. 
Complete defect of the myometrium.
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Several studies examined the prevalence of niches, resulting in a range from 22 
to 84% of patients after CS [6, 7]. This rather wide range results from the different 
modes of assessment (TVUS or SHG) and the timing of the examination (several 
weeks up to 12 months after CS).

2. Niche diagnosis

2.1 Methods

Several methods exist to diagnose a niche: magnetic resonance imaging (MRI), 
hysteroscopy, two- or three-dimensional TVUS and SHG with the aid of saline or 
gel infusion.

By MRI, the thickness of the remaining myometrium can be measured quite 
exactly using T2 weighted views. As an advantage, the evaluation does not depend 
on the examiner’s experience and consequently the measurements of RMT by MRI 
are more objective compared to those assessed by ultrasound [8]. On the other 
hand, MRI examinations are costly and not always available.

Hysteroscopy can simultaneously be used for diagnosis as well as for therapeuti-
cal interventions. As long as no mucus or residual blood obstruct the view, the 
potential defect can be visualized and treated in the same session. However, it is not 
possible to determine the RMT from inside the uterine cavity [9].

Ultrasound is widely available, harmless and rather unexpensive. However, 
diagnostic quality strongly depends on the examiner’s experience. The explora-
tion of a niche and the RMT can be facilitated by the use of saline or gel infusion 
enhancing the contrast. Several studies comparing ultrasound methods found 
that the use of contrast SHG is more sensitive and specific than simple TVUS for 
the identification of a niche [10]. In a prospective study of 371 patients, half of 
all myometrial defects remained undiagnosed with TVUS but could be seen with 
SHG, resulting in a higher prevalence of a niche using SHG (45,6% vs. 22,4%) [7] 
(Figure 5). A systematic review including 21 studies found a niche prevalence 
in up to 84% of women with a history of CS by using SHG for diagnosis [1]. 
SHG was considered as comparable to hysteroscopy in diagnosing defects of the 
myometrium with a sensitivity of 87%, specificity of 100%, a positive predictive 
value of 100%, a negative predictive value of 95% and an overall accuracy of 96% 
[1]. Because of the clear advantages of SHG, currently most authors consider 
it as a gold standard for diagnosing niches. If not available, simple TVUS with 
intrauterine fluid (e.g. blood during menstruation) to enhance the contrast [2, 7] 
constitutes a possible alternative.

Figure 5. 
Diagnosis of a niche without (left) and with (right) contrast enhanced sonohysterography.
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Figure 6. 
Technique of niche measurement: distance between the niche and the vesicovaginal fold.

2.2 Timing

For most exact results in measurement, optimal timing of the examination is 
necessary. This includes the day in the menstruation cycle as well as the interval to 
previous CS. Most authors agree that the best time for ultrasound is either during 
menstruation or in early follicular phase shortly after menstruation [2, 6]. The 
accumulation of blood in the isthmocele together with a thin endometrium facilitate 
the detection of the defect. Other authors prefer the time proximate to ovulation, 
when cervical mucus may distend a niche located within or near the cervix [11]. 
Using the follicular phase of menstrual cycle also is suitable to exclude the presence 
of an early pregnancy.

Unfortunately, data is limited concerning the best time interval to previous 
CS. The suggested time ranges from three to six months [2, 7]. Due to the fact 
that proper wound healing after CS takes up to six months [7], at least half a year 
interval before measuring the myometrial thickness is recommended.

2.3 Procedure

The assessment of the myometrium in search of a niche requires to follow a 
systematic workflow. A full bladder helps visualizing the lower uterine segment 
(LUS) but is not obligatory for the examination [2]. Variation in pressure with the 
probe is useful for an optimal image. Using doppler imaging, the differentiation 
between niche and myometrial vessels is possible. In 2019, Jordans et al. established 
a modified Delphi procedure for the sonographic examination of niches [2].

Briefly, the examination starts in the midsagittal plane including a proper 
visualization of the cervical canal. By panning the probe laterally left and right, the 
niche should become visible. Once the defect is identified measurements of length 
and depth are made. If the niche is complex with branches, both length and depth 
should be measured for every branch. Furthermore, the distance to the vesico-vagi-
nal fold (VV) should be measured placing the caliper at the level where the residual 
myometrium is thinnest (Figure 6). Exactly at the same point measurement of the 
RMT is done. Next, adjacent myometrial thickness (AMT) is measured close to the 
niche. The last measurement in the midsagittal plane is the distance to the external 
os parallel to the cervical canal starting at the distal point of the niche (Figure 7).

Afterwards the niche is visualized in transverse plane by rotating the probe by 
90 degree. Here, the niche’s width can be measured. The transverse plane works 
best for detecting branches in case of complex niches.

Nevertheless, standardized cut off parameters for niche characterization, espe-
cially in the case of large niches, are not yet established. The following parameters 
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seem to be suitable for clinical practice: the ratios RMT/AMT, depth/RMT, depth/
AMT and RMT [1, 2, 7].

A further issue that needs to be considered in future studies is the clinical rel-
evance of the size of the niche. To date, no study has clearly shown a direct correla-
tion between the scar’s thickness and the risk of e.g. uterine rupture [3, 5, 12, 13]. 
Therefore, further studies are needed to evaluate the association between a niche’s 
size and clinical sequelae.

2.4 Niche symptoms

Although niches can also be asymptomatic [6], niche-associated problems 
differ between non-pregnant and pregnant women according to the symptoms and 
potential complications.

2.5 Non-pregnant women

Today there is international consensus that specific gynecological problems can 
be caused by a niche:

As the main symptom, abnormal uterine bleeding, e.g. postmenstrual spotting, 
results from a retention of menstruation blood in the indentation of the myome-
trium [14]. Nearly 30% of women with a niche report spotting compared to only 
15% without a niche within 6–12 months after a CS [11]. An insufficient contractil-
ity of the myometrium seems to be the main reason [1]. Also the size of the niche is 
important since women with larger niches are reported to have more severe bleed-
ing issues [2].

Several studies describe dysmenorrhea, dyspareunia or even chronic pelvic pain 
as further symptoms of a niche [6, 11]. The reason for pain during the menstruation 
bleeding might be found in the myometrium’s distension caused by the accumulat-
ing blood.

Importantly, the presence of a niche may affect fertility: the accumulation of 
blood in the niche deteriorates the quality of cervical mucus, potentially inhibiting 

Figure 7. 
Technique of niche measurement following the Delphi procedure [2].
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Figure 9. 
Intraoperative demonstration of placenta percreta.

sperm transport or referring to an impaired implantation of the embryo [15]. It has 
been shown that the repair of scar defects is able to restore fertility [15].

Therefore, a symptomatic niche can mimic frequent gynecological issues like 
endometriosis or pelvic inflammatory disease and should be considered as a dif-
ferential diagnosis.

Addionally, an elevanted risk for intervention-related complications during a 
curettage oder device placement should be considered in the presence of a niche.

2.6 Pregnant women

In contrast to non life-threatening problems in non-pregnant women, the presence 
of a niche may derive in major complications during pregnancy. There is an important 
risk of a CS scar ectopic pregnancy (CSP) at the site of the niche [16] (Figure 8). CSP 
occur with an overall incidence of 1: 1800–1: 2216 pregnancies [17]. Even in early-
pregnancy, CSP treatment can be associated with severe hemorrhage [18].

Figure 8. 
Cesarean scar ectopic pregnancy.
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In most cases, CSP results in morbidly-adhaerent placenta like placenta accreta, 
increta or percreta [19]. Short- and longterm complications can be detrimental [20] 
(Figure 9).

Uterine rupture during pregnancy and labour is a rare but life-threatening 
sequeleae both for the mother and the fetus [21] (Figure 10). It appears conclusive 
that a thinner myometrium increases the risk of a rupture. Unfortunately, no cut-
off value of myometrial thickness was defined as a reliable predictor of uterine rup-
ture. A RMT > 2.1–4.0 mm and LUS thickness between 3.1–5.1 mm were described 
as strong negative predictive values for uterine rupture. A RMT of 0.6–2.0 mm was 
considered as a positive predictive factor for uterine rupture [22].

Since the clinical consequences of niches can not be exactly predicted, the 
prevention of niches formation is crucial. Insights into the pathogenesis of niche 
development will allow the initiation of preventative approaches.

3. Pathogenesis of niches

Many studies focused on potential risk factors for developing niches after CS. 
The most promising considerations comprise problems in wound healing including 
a (reversible) retroflexio uteri, the number of previous CS and the location of the 
uterotomy. The latter is affected by the stage of labour and the dilation of the cervix 
when CS is done. For the surgeon the most important issue particularly might be the 
optimal technique for closure of the uterotomy.

3.1 (Reversible) Retroflexio uteri

In most women, the physiological direction of the uterus in the pelvic cavity is 
an anteflexion. A retroflexion is a non-pathologic alternative to the norm. In 2016, 
Ryo et al. reported that the uterus may change its flexion after delivery, shifting 
from ante- to retroflexion. Compared to vaginal delivery, a retroflexed uterus 
was observed significantly more frequently after CS, increasing with the number 

Figure 10. 
Uterine rupture after vaginal delivery in a patient with a former Cesarean section.
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of previous CS [23]. Other findings demonstrated a higher prevalence of niches 
in retroflexed uteri and notably large defects in cases of retroflexion [12, 13, 24]. 
Nowadays, it is widely accepted that there is a strong coincidence of niches and a 
retroflexion of the uterus [11–13, 25].

However, an important question remains: Does a retroflexion of the uterus 
facilitate the development of a niche or does a niche cause a (reversible) retroflex-
ion? There are explanations for both hypotheses:

On the one hand, after CS, adhesions might cause mechanical tension on the 
anterior uterine wall leading to a retraction of the scar tissue with poor blood 
perfusion and resulting in an impaired wound healing. The retraction might be 
intensified if the uterus is already retroflexed [11]. This hypothesis is supported by 
the finding that the risk of developing a niche is more than twice higher, when the 
uterus is retroflexed [1].

On the other hand, the consideration of a niche causing a (reversible) retro-
flexion also seems plausible. Ryo et al. did not only examine the changes in uterine 
flexion after delivery but also provided a fairly logic objection to the above-men-
tioned pathogenesis: If a niche developed due to mechanical tension and retraction 
of the scar, the defect would be found at the outside of the anterior uterine wall 
[23]. In contrast, niches are generally found at the cavitary side of the myometrium. 
The uterine incision and the developing niche may compromise the contractility of 
the myometrium, leading to an imbalance between the anterior and posterior wall, 
causing traction backwards and resulting in a retroflexion.

Therefore, it seems more plausible that first a niche develops and second the 
uterus becomes retroflexed. Further studies are needed to better understand the 
role of a retroflexion in the pathogenesis of niches.

3.2 Number of previous Cesarean sections

Niches are almost solely diagnosed in women after CS. No studies report 
myometrial defects after vaginal birth. Osser et al. described a median myo-
metrial thickness at the isthmus of 11.6 mm after vaginal delivery, compared to 
8.3 mm/6.7 mm/4.7 mm after one/two/three or more CS [3]. Largely all studies 
report a positive correlation between the number of previous CS and increasing 
rates of niches [1, 3, 6, 23, 25]. The niche prevalence was found to be up to 63,1% 
after one, 76–81% after two and 88–100% after three CS, respectively [3, 7]. Not 
only the number of niches increase, but also the scar defect itself becomes larger 
the more CS found in the patient’s history [3]. Total defects with no remaining RMT 
were more frequently found in women with multiple CS: 6%, 7% and 18% after 
one, two and ≥ three or more CS, respectively [1].

The possible explanation seems to be impaired wound healing: trauma to the 
uterine wall disrupts the physiological healing process due to a reduction of vascular 
perfusion [25].

Addionally, increasing CS rates correlate with higher prevalence of retroflexed 
uteri, underscoring the hypothesis about the association of retroflexed uteri with 
niches development [23].

Therefore, the careful evaluation of each CS in terms of its necessity seems to be 
the most promising step to reduce myometrial defects.

3.3 Position of the uterotomy and timing of the CS

The most common technique of uterotomy performance is a transversal incision 
of the isthmo-cervical region. During labour, the isthmo-cervical region undergoes 
continuous changes. First, the thinning and elongation, recognizable by a lifted 
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urinary bladder or plica vesicouterina. Consecutively, also the inner cervical os 
with its mucous glands and only few muscular tissue moves upwards. Hence, if the 
surgeon incides the uterus at the same height in late labour as in an earlier stage 
of labour, the incision is placed either lower or even beneath the inner cervical os 
(Figure 11). The most likely explanation for distinct wound healing effects is found 
in the morphological difference between the region around the inner cervical os 
and the myometrium above. The mucus may dilate the sutured rims of the uter-
otomy or cause retention cysts, both leading to impaired wound healing [11, 26]. 
Furthermore, as a result of poor contraction in this area, wound edge adaptation 
may be insufficiently.

Therefore, CS at advanced stage of labor may provoke a lower incision including 
cervical tissue and resulting in more scar defects. On the other hand, contractions 
or rupture of membranes have already occurred in advanced stage of labor with a 
crucial and beneficial influence on the postoperative healing process of the uter-
ine scar.

The following chapters discusses the effects of both of these opposite forces on 
scar healing:

On the one hand, CS performed before the onset of labour resulted in a thinner 
uterine wall in subsequent pregnancies than CS performed during labour [27, 28]. 
Jastrow et al. [29] showed significantly decreased LUS measurements depending on 
stage of labour prior to the CS (full LUS after CS in latent phase: 2.8 mm, in active 
phase: 3.1 mm and in CS prior to labour 2.4 mm, p < 0.01). Importantly, Park et al., 
were able to demonstrate no increased risk to develop a niche when CS was per-
formed in situations with >8 cm dilated cervix [6].

A CS performed intrapartum reduces the probability to develop a placenta 
praevia in a following pregnancy [30] as well as the risk of uterine rupture in cases 
of vaginal birth after a CS [31], underlining the importance of contractions on 
wound healing. A case control study of 307 women showed a threefold increased 
risk to develop a morbidly adherent placenta after an elective CS compared to 
an emergency CS. In this study, the increasing severity of a morbidly adherent 
placenta (placenta accreta versus increta versus percreta) was associated with a 

Figure 11. 
Uterine incision of a former CS within the cervical channel.
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higher probability of a prior elective CS, respectively [32]. Hence, we hypothesize 
that uterine contractions and their immonological triggers may contribute to the 
postpartum tissue repair. To elucidate possible mechanisms, we shorthly discuss 
this topic on the end of this chapter.

On the other hand, several studies demonstrated, that the incidence of defect 
wound healing increased significantly when CS was performed in advanced labour 
[1, 6, 33].

It was shown that a prolonged labour beyond 5 hours or a CS performed during 
active labour with the cervix is dilated >5 cm, is associated with an increased risk 
to develop a niche (5–9 hours OR 13.0 (2.2–76.6), > 10 hours OR 33.1 (6.6–166.9); 
p < 0.001) [21].

Also, a higher percentage of RMT < 3 mm was observed in cases with advanced 
cervical dilatation at CS [7]. Park et al. showed a higher risk of niches in cases with a 
CS at a cervical dilatation of 5–7 cm compared to cases with CS at closed cervix [6].

But how can these conflicting results be explained?
The hypothesis to answer this question is that in cases of CS at advanced stage of 

labor, the uterotomy position is closer to the internal cervical os and wound healing 
is compromised in this area. This hypothesis can be confirmed by the following 
observations:

As shown by Vikhareva Osser, the uterotomy position was exactly positioned at 
the internal os in 97% of cases with a cervical dilatation >5 cm compared to 55% in 
cervical dilatation <5 cm [21].

Hanacek et al. demonstrated that if the CS is performed at full cervical dilata-
tion, the resulting scars were closer to the external os and the RMT was markedly 
thinner [34]. These findings might be explained by the localization of the uterine 
incision, which is often overly caudal, due to cervical incorporation into the lower 
uterine part.

A very recently published prospective cohort study showed a higher prevalence 
of scar defects when the uterotomy was placed cranially of the internal os compared 
to a uterotomy placed caudally of the internal os in patients with a first CS [35]. 
Subgroup analysis, however, showed that in cases of a CS before the onset of labor, 
the uterotomy position was mostly cranial of the internal os whereas in cases with 
advanced labor, the position was rather caudal. Therefore, the beneficial effect of 
advanced labor was undermined by the more caudally position of the uterotomy.

In order to confirm the negative effects of a low uterine incision, a prospective 
randomized study published in 2019 compared the incidence of niches in patients 
with low and high incision (2 cm below vs. 2 cm above the plica vesicouterina) 
6–9 months after an elective CS. Large scar defects occurred significantly more 
often in the low-incision group (41% vs. 7%) [33]. This leads to the conclusion, that 
the position of the uterotomy is one of the most important factors in the pathogen-
esis of niches.

In summary, CS performed under contractions in active stages of labour may 
elicit mechanisms that improve scar healing subsequently resulting in thicker RMT 
and in reduced development of niches. However, this benefit inverts when labour 
or cervical dilatation is too advanced and the uterotomy is localized overly caudal. 
In consequence, every obstetrician needs to consider the stage of labour and the 
cervical dilation for choosing the optimal position of uterine incision.

3.4 Closure of the uterotomy

Closure of the uterotomy is a crucial and very controversially discussed topic. 
Several studies addressed this important step in order to optimise scar integrity, 
endometrium rehabilitation, postoperative recovery and the reduction of risks in 
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subsequent pregnancies. The following section illustrates partially contrary strate-
gies to close a uterotomy in order to prevent a niche.

3.5 Single versus double layer

Single vs. double layer sutures of the myometrium were discussed in a large 
number of studies and reviews. It is currently postulated that double layer is supe-
rior to single layer as it is associated with a thicker RMT (4.6 vs. 5.2 mm) [34, 36–38] 
and lower niche prevalence (4.2% vs. 1.3%, p < 0.001, RR 0.32, [28]).

These observations were confirmed in a large review including 20 randomised 
controlled trials or prospective cohort studies and more than 15000 women. 
Here, a double layer suture resulted in a thicker RMT (+ 1.26 mm double layer vs. 
single layer), a better healing ratio (=anterior wall thickness/anterior wall thick-
ness + height of the wedge-shaped defect) and less dysmenorrhoea than single layer 
suture [39]. A 50% reduced risk of uterine rupture during subsequent pregnancy 
was also assumed following a double layer suture compared to a single layer [40]. 
Finally, Vachon-Marceau et al. demonstrated a significantly higher rate on scar 
dehiscence in the single- compared to double-layer group [28].

Of note, a number of studies pointed out that a proper single layer (unlocked) 
suture might not be inferior to double layer [36]. The RMT is commonly lower 
compared to double-layer suture, but interestingly the risk of uterine rupture in a 
subsequent pregnancy is influenced only marginally [38, 41, 42]. However, since 
the frequency of uterine rupture is very low in general, the sample size of most 
studies was too small to reach reliable data.

One large review including 9 randomised controlled trials (3969 patients) demon-
strated a thinner RMT in the single layer suture group (mean difference − 2.19 mm), 
but no statistically significant differences regarding uterine scar defects, uterine 
dehiscence or uterine rupture. The authors acknowledged that even if uterine scar 
defects are associated with lower RMT, it remains questionable whether RMT alone 
is a proper marker for prospective uterine ruptures [38]. Jastrow et al. calculated 
that a cut-off value for myometrial layer tickness in third trimester below 1.4–2 mm 
and complete lower LUS of less than 2–3.5 mm correlates with a higher risk of niche 
incidence and therefore uterine rupture. Unfortunatly, the retrospective study design 
and small sample size limit the scope of these results [29].

A proper single layer suture was suggested to be helpful when the CS is per-
formed during advanced labour and myometrial layers cannot be correctly identi-
fied [28]. One trial demonstrated that double layer suture results in a higher RMT 
than single layer suture only in elective CS but not in CS at advanced labor [43].

In summary, although there is no evidence for a higher uterine rupture rate fol-
lowing a single layer suture compared to a double-layer suture, RMT and therefore 
probably the integrity of the lower uterine segment is improved by the double-layer 
suture of the uterus, at least in cases with an elective CS.

3.6 Locked versus unlocked suture

Locking a suture was used for long time to reduce bleeding. However, there is 
some evidence that a locked suture may provoke defect scar healing.

One trial showed that only unlocked double-layer, but not locked double-layer 
suture was superior to locked single-layer in either RMT (3.8 ± 1.6 mm vs. 6.1 ±  
2.2 mm) and healing ratio [36]. Higher rates of scar separation were described when 
a continuous suture was locked (OR 5.4, 95% CI 3.17–9.20, p < 0.001, [41]).

Stegwee et al. reviewed data from three randomized controlled trials and two 
prospective cohort studies to compare locked and unlocked suture. RMT decreased 
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significantly and niche prevalence was non-significantly higher when a locked 
suture was performed (RR 1.23, 95% CI 0.93–1.61, p = 0.14). Also one study includ-
ing 48 women reported the healing ratio, which was lower in locked vs. unlocked 
sutures [39].

In summary: Locking a suture decreases healing due to the reduction in blood 
flow and consequently in oxygen supply to the scar, which is required for the heal-
ing process [44].

3.7 Single stitches versus continuous suture

A small number of studies is available comparing continuous suture with single 
stitches to close the uterine incision.

One case–control study (n = 98) analysed the effect of prior uterine closure on 
placenta location and placentation disorders. Half of the double-layer group had 
continuous suture of the inner layer, the others had interrupted sutures of the inner 
layer. Continuous suture of the inner layer of the myometrium was an independent 
risk factor for subsequent placenta accreta, total placenta praevia and anterior loca-
tion. The risk for morbidly adherent placenta was 6-fold higher after continuous 
suture compared to interrupted stitches [45]. An additional prospective random-
ized study in primiparae with an elective CS demonstrated larger and more numer-
ous niches in patients after locked continuous sutures compared to interrupted 
sutures (95% niches and 77% niches after 12 months, respectively). In this study, 
the decidua was excluded and a single layer suture without closure of the visceral 
peritoneum was performed [46].

Overall, conclusive evidence in this topic is limited by the small size of the stud-
ies. Currently, interrupted stitches of the inner layer of myometrial closure might 
favour the healing process.

3.8 Inclusion versus exclusion of the decidua in the suture

Including the decidua (endometrium) in the suture might lead directly to a 
worsened scar integrity and niche development. Roberge et al. observed, as men-
tioned before, that excluding the decidua in double-layer suture supports better scar 
healing than including it [36].

A recently published double-blind, randomised controlled study (2Close 
Trial) examined the presence of postmenstrual spotting after a single- versus a 
double- layer suture. In the double-layer group, the decidua was integrated in the 
scar, however, in the single-layer group, this integration was optional. Surprisingly, 
a significantly increased niche prevalence was found after double- compared to 
single-layer suture (73.6 versus 68.9%). The authors draw the conclusion that rather 
by the number of sutured layers this result was provoked by the integration of the 
decidua in the suture. In line with this, subgroup analysis of the single-layer group 
revealed a significantly lower niche incidence in cases of exclusion of the decidua 
(59.3 versus 71.8%) [47].

A retrospective cohort study showed no morbidly adherent placenta in a cohort 
of 109 patients with previous CS, although in 44% an anterior wall placentation 
was present. The authors concluded that the exclusion of the endometrium from 
the suture, which was a standard practice in the study center, chiefly contributed to 
the results. However, there was no control group and the study group was compared 
with historical cohorts [48].

A critical view on this approach raises the concern that less myometrium might 
be adapted if the endometrium is not included in the scar, probably contributing 
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to a defect healing. Yazicioglu et al. observed a higher incomplete healing ratio in 
sutures that excluded the endometrium compared to those including all layers [49]. 
However, the examination was performed 6 weeks after the CS, which is known 
to be rather early for a final assessment of wound healing. Furthermore, cervical 
dilatation was performed at a lower percentage in patients with incomplete healing, 
probably explaining the results. This study also was part of a meta-analysis pool-
ing two studies recording niches after sutures including or excluding the decidua 
[39]. The second study, which was included in this meta-analysis, showed contrary 
results [50]: Three study groups were compared (group A: inclusion of all layers; 
group B: double-layer suture with inclusion of the decidua, group C: double-layer 
suture with a separate suture of the decidua and a separate suture of the myometrial 
layer). The group with the separate suture of the endometrium showed significantly 
lower niche rates (34%, 16% and 5.6% niches in group A, B and C, respectively).

In summary, the exclusion of the decidua from the suture seems favourable in 
preventing niches.

3.9 Closure of the peritoneum viscerale/parietale

The closure of the peritoneum reveals no advantages with regards to operation 
time, pain and bleeding amounts, as currently recommended the German Guideline 
Cesarean Section [51]. But does the closure of the peritoneum help to prevent a niche?

Verwoort et al. discussed several hypotheses on niche development. During lap-
aroscopic scar repair surgery dense fibrotic adhesions attached on top of the niches 
were found [11]. One hypothesis is that adhesions pull the uterine scar towards the 
abdominal wall and induce scar development due to traction. One explanation for 
this adhesion between the anterior uterine and the abdominal wall might be the 
incision of the utero-vesical fold and subsequent dissection of the urinary bladder 
with the aim to keep the bladder out of the surgical area. This may create adhesions 
and provoke niche formation as well as a fixed retroflexio uteri [52].

Moreover, a systematic review including 249 patients evaluated whether the 
parietal peritoneum should be closed. This study showed that closure of the perito-
neum prevents adhesions from abdominal to uterine wall [53].

In conclusion, further investigation is needed to be able to answer the question 
about the contribution of closure of the visceral and parietal peritoneum to niche 
prevention.

3.10 Dilatation of the cervix uteri

The rationale of dilating the cervix uteri during elective CS is to facilitate the 
proper drain of blood and “products of conception” postpartum. On the one hand, 
retained blood after CS is ought to impair scar healing and results in scar defects 
[54]. On the other hand, a risk of infection by a possible transmission and contami-
nation from vaginal microorganisms to uterine or abdominal wounds is discussed 
[55]. A randomised trial analysed the different outcomes of CS after cervical 
dilatation (CD) was performed with Hegar dilator or not. 400 women with a 
singleton pregnancy were included and planned for elective CS at term. All patients 
received vaginal disinfection preoperatively with povidone iodine. No difference 
was observed regarding wound infection or endometritis between the groups. In 
the cervical dilatation group, indicators of better healing of the scar were found: 
Significantly higher scar width and depth, thicker RMT, and fewer scar defects were 
found together with better blood supply to the scar. In comparison, women without 
cervical dilatation were at higher risk for subinvolution of the uterus [54].
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In another recently published trial (DONDI-Trial, prospective, open-label, 
randomized controlled trial), 447 women randomly received cervical dilation or 
not during CS. Women with current antibiotic therapy, chorioamnionitis, onset 
of labour with dilatation of the cervix and gestational age below 24 weeks were 
excluded. Dilatation of the cervix had no effect on infectious morbidity (puerperal 
fever, endometritis, wound infection and urinary tract infection), blood loss or 
even operating time. The only benefit observed in the dilatation group was a lower 
prevalence of patients that had retained products in the uterus cavity compared 
to the no-dilation group (0 vs. 6.2%, p < 0.001) [56]. Although scar healing was 
not examined in this study, retention of products may potentially disturb wound 
healing.

A recently published review underlined the following findings, too: performing 
or not CD at elective CS at term either with double gloved index or Hegar dilator 
caused no differences regarding postpartum haemorrhage, postoperative fever, 
endometritis or subinvolution. Cervical dilatation led to a slightly higher mean 
blood loss, thicker endometrial cavity, less retained products of conception, less 
distortion of uterine incision and better healing ratio. Operating time, wound infec-
tion, urinary tract infection and integrity of scar (defined as scar thickness less than 
2.3 mm) were not affected [57].

In conclusion, dilatation of the cervix has positive effects on scar integrity, 
wound healing and RMT due to less retention of products in utero. It is safe regard-
ing infections; however, vaginal disinfection should be considered before CS.

4. Add on: role of labor on post partum tissue repair

Since scar defects represent a kind of defect wound healing, we here focus on 
possible mechanisms which are involved in postpartum tissue repair. As shown in 
the section “Timing of the CS”, there is evidence that an unplanned CS after the 
onset of labor has advantages concerning niche incidence and further pregnancy 
complications like uterine rupture and morbidly adherent placenta. Probably, 
immunological changes which only occur at the time of contractions, may have the 
potential to contribute to the clinical benefits of a CS after the onset of labor.

The human endometrial tissue holds the capacity to achieve complete regenera-
tion after injures [58]. Particularly, childbirth and the detachment of the deeply 
invading placenta is generally followed by the restoration of the endometrial layer at 
the former implantation site. This regeneration is essential for successive pregnan-
cies, as incomplete healing and repair results in endometrium fibrosis or scarring, 
with potential consequences on the uterine cavity shape or on the adhesiveness and 
invasiveness of the embryo [59–61]. Despite their relevance, the precise mecha-
nisms of post partum tissue repair and the factors contributing to an impaired 
endometrial re-epithelialization e.g. after caesarean section remain still poorly 
described.

To date it is well known that labour entails a series of drastic changes that 
provoke uterine contractions and birth. This process is characterized by rapid 
fluctuations in maternal hormones, including the upregulation of glucocorti-
coids and oxytocin as well as the reduction in progesterone signalling [62, 63]. 
Simultaneously, there is a shift in the immune responses at the feto-maternal 
interface from the predominantly anti-inflammatory phenotype throughout 
pregnancy to a sterile inflammation-like response during labour [64]. This includes 
inflammasome activation, the release of cytokines and chemokines, and the further 
recruitment of leukocytes to the feto-maternal interface [65], as studied in detail in 
relevant animal models.
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In line with this, it is tempting to hypothesize that the effects of labour and uter-
ine contractions may surpass the birth and detachment of the placenta, conveying a 
central role to the labor-triggered recruitment of immune cells in the machinery of 
postpartum tissue regeneration. Indeed, the immune system critically orchestrates 
repair processes in multiple organisms and tissues. Danger signals prompted by 
tissue injure activate pattern recognition receptors to initiate an immune response 
[66, 67]. This dynamic response is characterized by the stepwise recruitment of 
granulocytes, monocytes/macrophages, and T cells [68]. Both recruited and tissue 
resident leukocytes play scavenger functions and secrete cytokines and growth fac-
tors that promote lympho- and angiogenesis, proliferation of tissue cells, and conse-
quently repair [66, 69]. Recently, regulatory T cells have also emerged as important 
players that ensure regeneration of multiple tissues [70]. Particularly in the case of 
macrophages and T cells, the balance between inflammatory and anti-inflammatory 
responses may hold the capacity to tilt the repair process towards scarring or 
regeneration respectively [68].

Noteworthy, the specific features of the repair process are contingent on the 
particularities of the tissue affected and little is known about uterine wound healing 
and prevention of scarring in the postpartum period. In the rodent postpartum 
uterus, macrophages with an anti-inflammatory M2-like phenotype have been 
observed in the former implantation sites together with abundant expression of 
VEGF and its receptors in the uterine stroma and blood vessels that may jointly 
favour angiogenesis and healing [71, 72]. In contrast, accumulation of M1-like 
macrophages, neutrophils, and T cells was detected in the uterus of mice exhibiting 
dysfunctional postpartum uterine repair due to impaired Notch signalling [73]. 
These findings support that in the uterus, such as in other tissues, an anti-inflam-
matory milieu is required to prevent the formation of fibrosis upon wound healing. 
Despite this emerging evidence on the role of immune responses in postpartum 
tissue healing, further mechanisms and players remain still to be elucidated. In 
particular, it is still unknown whether labour-induced recruitment of immune 
cells under the regulatory influence of high levels of steroid hormones contribute 
to tissue healing, and whether the failure of such a recruitment, e.g. in caesarean 
deliveries without induction of labour, may hinder endometrial regeneration and 
result in scar formation.

5. Conclusion: how to perform a CS in 2021

Taken together all aspects which influence the risk of a defect scar healing, 
we advise to perform a CS as following:

1. CS after the onset of labour seems to be superior than an elective CS. Child-
baering women should be encouraged to undergo vaginal birth whenever 
possible.

2. Uterotomy should be placed not overly caudal, avoiding an incorporation of 
the cervix or the region around the internal cervical os into the scar.

3. After delivery of the placenta, performing cervical dilatation is recommended 
in cases without cervical dilatation due to the absence of contractions.

4. The decidua should be excluded from the suture.

5. Double-layer-suture is recommended.
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6. Single stitches (of the first layer) are superior to a continous suture.

7. Locked sutures (of the first layer) should be avoided.

Personal opinion of the authors: We recommend to perform a double layer 
suture with single stitches of the first layer and a continuous unlocked second 
layer including the superficial muscle layer and the peritoneum viscerale.

8. Closure of the peritoneum parietale may be advantageous.
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of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Optimizing Techniques and Suture 
Materials for Caesarean Section
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Abstract

Cesarean section is an important part of comprehensive emergency obstetric 
and neonatal care and their numbers are increasing worldwide in the recent times. 
Proper healing of the scar after cesarean section is of paramount importance to 
avoid various obstetrical complications in future pregnancies. There is no standard 
technique on the method of closure following cesarean delivery. It is unclear as 
which technique and suture material should be used for closure of cesarean section 
in order to get the best results with minimal complications. The objective of this 
chapter is to review the literature, analyze the available resources and evaluate the 
evidence for closure of each layer post cesarean section. The following discussion 
will review closure of each step post cesarean section and provide evidence-based 
recommendations for closure technique.

Keywords: Cesarean section, closure technique, suture material

1. Introduction

Cesarean is a commonly performed obstetric surgery and in the recent times its 
number is constantly increasing. Standard technique for abdominal wall closure 
should be practiced considering the need to provide good support, prevent infec-
tions, sinus formation, and incision pain and scar dehiscence. There are multiple 
sutures and suturing techniques practiced worldwide for the closure of abdominal 
layers following cesarean section.

The history of sutures begins more than 2,000 years ago. Surgical and suture 
techniques evolved in the late 1800s with the development of sterilization proce-
dures. It has been said that the scar is the “autograph of a surgeon”. Every surgeon 
wants cosmetically acceptable scars along with optimal healing.

An ideal suture material should be cheap, sterile, non-electrolytic, non-
allergenic, with adequate tensile strength, good handling characteristics, should not 
induce tissue reaction or cut through tissue.

A good suturing technique should ideally eliminate the dead space and minimize 
tension that causes wound separation. It involves correct wound placement with 
respect to relaxed tension lines. Consideration should focus on factors, such as 
systemic diseases and selection of ideal suture material that influence the outcome. 
The surgical technique used to close a given wound depends on the force and 
direction of tensions on the wound, the thickness of the tissues to be opposed and 
anatomic considerations.
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1.1 Wound healing and inflammatory response

The physiology of wound healing has 3 phases: inflammation, proliferation, and 
remodeling. Various factors like cytokines, cellular mediators are involved in the 
healing process.

Phase I: Inflammation (Onset of injury to day 4–6): The first phase of wound 
healing is characterized by hypoxic, ischemic environment with macrophages, 
neutrophils and platelet. Collagen, platelet, thrombin, fibronectin and fibrin with 
complements form a blood clot which has 3 major functions

• Expresses cellular mediators

• Serves as reservoir to amplify cellular signaling

• Provides support and communication matrix for arriving inflammatory cells

Phase II: Proliferation (Days 4–14): It is marked by rapid construction of new 
tissue. Macrophages emit nitrous oxide thus dilating the vessels to accommodate 
influx of new cells. Granulation begins to form at this phase. Fibroblast which are 
recruited from the surrounding normal tissue starts synthesizing and depositing 
collagen.

Phase III: Maturation and remodeling (1 week- 1 year): The final stage of wound 
healing is characterized by evolution of matrix into ordered collagen complex. 
At one week, the wound has about 3 percent of its final strength, 30 percent of 
final strength at 3 weeks and ultimately achieves 80 percent of its final strength at 
3 months and beyond. However wound will never regain the strength of an unin-
jured tissue.

2. Closure following Cesarean section

2.1 Uterine closure

A scarred uterus carries long term consequences. Thus, the technique and the 
suture material used are crucial for the uterine scar healing. But strong evidence 
regarding optimal techniques is scarce [1]. There are multiple techniques and suture 
materials used for closure of uterus during cesarean section.

Usually intraperitoneal repair of the uterus is undertaken. RCOG [2] and 
Cochrane review [3] on exteriorization of the uterus for repair of the uterine inci-
sion does not recommend routine exteriorization of the uterus as it is associated 
with more pain and does not improve operative outcomes such as hemorrhage and 
infection. However, a RCT conducted by Isabela Cristina et al., showed that number 
of sutures required is lower and the surgical time is shorter with extra-abdominal 
repair, although moderate and severe pain at 6 hours is less frequent with in situ 
uterine repair [4]. A meta-analysis in 2015 also showed that uterine repair by exteri-
orization may reduce blood loss and the associated decrease in hemoglobin, but did 
not find any difference between the two techniques with respect to intraoperative 
nausea, vomiting, or pain [5].

Uterine closure can be done either in a single layer or by double layer and both 
interlocking and unlocked suturing techniques have been used. Methods concern-
ing closure of the uterine incision need to be considered with regards to benefit and 
potential harm in order to offer the best available surgical care to women undergo-
ing cesarean section.
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Blumenfeld in a study with 127 women opines that single layer closure is associ-
ated with 7 fold increase in the risk of developing bladder adhesions compared to 
double layer closure but there was no difference in the outcome of other pelvic or 
abdominal adhesions thus favoring double layer closure [6].

Glavind in a similar study, using 2D TVS (Transvaginal sonography), assessed 
for the residual myometrial thickness, scar defect, depth, width and length in 68 
women with single layer and 81 women with double layer closure. Study concluded 
that double layer closure improves the quality of the scar with significantly higher 
myometrial thickness and shorter scar defect. He also favors double layer closure for 
better long term outcomes [7].

A Cochrane review based on 19 studies on single versus double layer closure of 
the uterus, found that there was no statistically significant differences for the pri-
mary outcome, febrile morbidity, although the meta-analysis suggested single layer 
closure was associated with a reduction in mean blood loss [8]. RCOG recommends 
that, except within research content, the uterine incision should be sutured within 
two layers [2]. A meta-analysis of 9 RCTs including 3969 women, showed that single 
layer closure and double layer closure are associated with similar incidence of cesar-
ean scar defects, uterine dehiscence, uterine rupture in subsequent pregnancies [9].

2.1.1 Locking vs. non locking sutures

Single layer closure and double layer closure carry the same risk of uterine rup-
ture in subsequent pregnancy. However a LOCKED single layer closure is associated 
with an increase of uterine rupture compared to double layer closure. They demon-
strated that the double-layer uterine closure with a first unlocked layer that excludes 
the decidua, compared with locked single-layer closure that includes the decidua, is 
associated with a greater residual myometrial thickness (RMT) and healing ratio, 
which suggests that this technique is associated with better healing of the uterine 
scar (Figure 1) [10].

However Jun Woo Han in his study on impact of uterine closure on residual 
myometrial thickness after cesarean section disagrees with the Roberge study. He 
believes the main causative factor of the RMT is the coaptation ratio of incised 
myometrium (BX/A0B; Figure 2A). When a single layer with a locking suture is 
used to penetrate the full thickness of myometrium and the decidua, the 2 points 
of A0 and A0’ barely join each other, even after the absorption of suture materi-
als (Figure 2B–D), because the uterus that delivered the baby is a dynamically 
contracting, globular, and muscular organ. Moreover, the presence and length of 
the uncoaptated portion (X-A0) are the predominant factors that influence the dif-
ferent degree of RMT. Therefore, the surgeon should aim to minimize the length 
of the line “D0-D1” and not exclude the decidua itself. This would minimize the 
potential adverse effect that is associated with the inversion of the decidua (such as 
adenomyosis) or influence RMT and prevent the postoperative endometrial defect 
of exposure of the myometrium to the endometrial cavity [11].

2.1.2 Decidua exclusion

Including full thickness of the uterine wall may bring decidua into the scar. 
Decidual inclusion results in defective uterine healing in 78% of cases. When 
deciduas was excluded from the suture, all cases resulted in perfect healing [12].

Isthmocele is a uterine scar defect as a result of poor healing of uterine inci-
sion. It results in menstrual spotting, dysmenorrhea, dyspareunia, chronic pelvic 
pain, with an increased risk of scar pregnancy, placentation abnormalities and 
development of uterine rupture in future pregnancies. Uterine closure technique is 
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considered to be the most important factor associated with isthmocele formation. A 
study to demonstrate the factors associated with isthmocele concluded that uterine 
closure using the FFNN (Far far near near technique) continuous unlocked double 
layer technique is beneficial in terms of providing protection from isthmocele 
formation and ensuring sufficient RMT [13].

2.1.3 Types of suture material

The uterine incision is closed using an absorbable suture of number 0 or num-
ber 1. The commonly used suture materials are chromic catgut and polyglactin. 
Chromic catgut, being a natural suture material, has comparatively marked tissue 
reactivity, inconsistent tensile strength retention and reabsorption.

2.1.3.1 Catgut

Plain catgut is a natural suture material derived from the submucosa of sheep 
intestine or the serosa of cattle intestine. Chromic catgut is a modification of plain 
catgut that is tanned with chromic salts to improve strength and delay dissolution. 
Catgut is absorbed by phagocytosis, and is associated with a marked tissue inflam-
mation that can be detrimental to healing. Conversely, tissue inflammation may 
lead to a more rapid breakdown of catgut. Plain gut has a median survival time of 

Figure 1. 
Locked versus unlocked suturing techniques.
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4 days in the oral cavity, whereas chromic gut retains its strength for 2 to 3 weeks. 
In moist environments such as the oral cavity, the strength of gut is reduced by 
20–30%.Gut is a stiff material that must be moistened in alcohol, and forms knots 
that can be irritating to the oral tissues. Infection rates may increase with the use of 
gut. The advent of synthetic materials preferable to gut, with less tissue reactivity 
and more predictable resorption, has almost made catgut obsolete [14].

2.1.3.2 Polyglactin 910

Polyglactin 910 is a absorbable, braided, multifilament, coated synthetic suture. 
It is a heteropolymer consisting of 90% of glycolideand 10% of lactide and is 
degraded by hydrolysis. It is available with an antibiotic impregnation with triclo-
san. The residual tensile strength of a polyglactin 910 suture is consistently greater 
than that of polyglycolic acid suture and is absorbed more rapidly. Absorption starts 
at 40 days, and completes by day 70 with no remains by day 90. It retains 75% of 
its tensile strength at 2 weeks and 50% at 3 weeks. It elicits less tissue reactions and 
promote faster wound healing with good strength [15].

But, chromic gut has an excellent historical record in obstetrics and the knotted 
tensile strength of 0 chromic gut is adequate to withstand the disruptive forces on 
the repaired hysterotomy [16].

2.1.3.3 Polyglycolic acid (PGA) (Dexon, Dexon II)

PGA is a synthetic, braided polymer. When compared with chromic catgut, 
PGA is less reactive and is experimentally better able to resist infection from 

Figure 2. 
Cut plane of uterine incision site when closing with single layer locking suture that penetrates the full thickness 
of myometrium and includes the decidua.



Current Topics in Caesarean Section

148

contaminating bacteria. PGA has excellent knot security and maintains at least 
50% of its tensile strength for 25 days. The main drawback of PGA is that it has a 
high friction coefficient and “binds and snags” when wet. It is for the same reason 
that some experience is required to pass this material properly through tissues and 
to “seat” the throws during knotting. There is a modified PGA (dexon plus) which 
is coated with poloxamer 188, an agent that significantly reduces the friction and 
drag through the tissues. Although handling has become easier with this modifica-
tion, more throws (four to six) are required to prevent knot slippage than for plain 
PGA (three to four). The main uses of PGA are for closures of superficial fascia 
(subcutaneous tissue) in wounds and ligature of small blood vessels for effective 
hemostasis [17].

A study to assess different suturing techniques and different materials (catgut 
plain, Dexon and Vicryl) on healing of uterine incision in Cesarean section (CS) con-
cluded that the best uterine scar was seen after using one layer interrupted Vicryl and 
Dexon suture and the worst healing results were obtained after two-row interrupted 
and continuous sutures using catgut [18]. As compared to catgut, use of synthetic 
sutures were associated with thicker myometrium in subsequent delivery. Increased 
inflammation in natural absorbable suture may lead to increase in fibrosis and 
impaired healing rendering difficulty in subsequent pregnancies and delivery [19].

The CORONIS trial on the cesarean section surgical techniques compared the 
chromic catgut and polyglactin-910 for uterine closure. There were no statistically 
significant differences noted in the primary outcome, which was the composite 
of death, maternal infectious morbidity, further operative procedures, or blood 
transfusion (>1 unit) up to the 6 weeks follow up visit [20]. A 3 year follow up study 
was done to the CORONIS trial and there was no evidence of a difference in the 
main comparisons for adverse pregnancy outcomes in subsequent pregnancy, such 
as uterine rupture [21].

Thus, it can be concluded that both chromic catgut and polyglactin-910 of num-
ber 0 or 1 can be safely used for the uterine repair during cesarean section, though 
polyglactin has been used more often in the recent times.

2.1.4 Uterine compression sutures

The B-Lynch surgical technique is used for the management of massive post-
partum hemorrhage (PPH) secondary to uterine atony with failed conservative 
management. Long term study demonstrated, the B-Lynch surgical technique is 
safe, effective and free of short- and long-term complication [22].

2.1.4.1 B Lynch sutures

A large Mayo needle with absorbable suture is used to enter the uterine cav-
ity from below the uterine incision and exit just above the incision. The suture is 
looped over the fundus, then enters and exits the uterine cavity posteriorly, forms 
a second loop over the fundus and finally enters just above and exits just below 
the uterine incision The suture should be pulled very tight at this point and tied 
anteriorly (Figure 3).

2.1.4.2 Hayman sutures

It is performed to control bleeding in atonic postpartum hemorrhage post vagi-
nal delivery and rarely after uterine incision closure in cesarean delivery. Two loops 
are formed over the fundus and tied after applying compression (Figure 4).
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2.1.4.3 Cho square sutures

A needle transfixes the uterus from anterior to posterior(point 1) and then 
from posterior to anterior (point 2), the same is done again at points 3 and 4 to 
approximate the uterine walls in a square manner. Usually 4 to 5 sutures  
are required Figure 5a and b.

Figure 3. 
B lynch suture.

Figure 4. 
Hayman suture.
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Several studies are conducted to assess the ideal suture and size for uterine 
compression sutures but they have concluded no variations in outcome with type 
of suture used but it was observed that uterine preservation rate was significantly 
higher in cases with size 2 suture than in those with size 1 suture [23].

Placement of compression sutures that transverse the uterine cavity postpar-
tum for PPH may be associated with a significant risk of uterine synechiae. Risk 
of synechiae following uterine compression sutures in the management of major 
postpartum hemorrhage [24].

2.2 Peritoneal and rectus muscle closure

The closure of peritoneum and the approximation the rectus muscle at cesarean 
section has always been debatable. The promoters of practicing peritoneal closure 
argue that this leads to less adhesion formation and comparative ease during a 
repeat cesarean section, but it also has an added disadvantage of prolonging the 
operative time and increased need for maternal analgesia. As far as peritoneal clo-
sure is concerned, visceral peritoneum is generally not closed as bladder adhesion 
is increased [25]. A review of 21 trials comparing closure versus non closure of the 
peritoneum showed that there was a reduction in operative time and the evidence 
on adhesion formation was limited and inconsistent [26]. RCOG too recommends 
that neither the visceral nor the parietal peritoneum should be sutured at cesarean 
section because this reduces operating time and the need for postoperative analgesia 
and improves maternal satisfaction [2]. Rectus muscle reapproximation increases 
immediate postoperative pain without difference in operative time, surgical com-
plications, or maternal satisfaction but, closure of the rectus muscles at cesarean 
delivery was found to reduce adhesions.

If peritoneal closure and rectus muscle approximation is done in cases with 
diastasis recti abdominis, use absorbable sutures such as chromic catgut and 

Figure 5. 
Cho square suture.
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polyglactin-910. A new modified undermined suture technique for rectus muscle, 
which gives increased post-operative satisfaction, has been tried, using Z suture 
method with absorbable 1/0 suture material [27].

2.3 Rectus sheath closure

Different techniques and suture materials are used in cesarean section for 
closure of the rectus sheath. Few general principles are to be followed while closing 
the abdominal wall to achieve good healing and reduce complications. All sutures 
used to close the musculofascial wall must be tied with enough tension to approxi-
mate the edges of the incision. If greater tension is applied, the tissue will become 
ischemic and necrosis will develop. The sutures should be placed at least 1 to 1.5 cm 
from the wound edge. In patients at increased risk of wound disruption, sutures 
should be placed 2 cm from the edge [28].

The commonly used technique is to put continuous sutures without any locking. 
Continuous suture when used in one layer avoids high tension on suture and does 
not compress the wound edges. This prevents devascularization of the sheath and 
formation of a good quality collagen, i.e., type I [29]. Running sutures have the 
advantage of speed, since knots need only be tied at two or three points. Interrupted 
and figure-of-eight sutures can be used for reinforcing in thin rectus sheath and has 
an advantage, of not coming apart if insecurely tied.

Rectus sheath closure is routinely performed with non-absorbable or delayed 
absorbable sutures. It is generally accepted that non-absorbable sutures cause less 
tissue reaction and are more resistant to infection than the absorbable sutures. 
However, these sutures are associated with higher incidence of buttonhole her-
nias and sinus formation leading to increased wound pain. Care should be taken 
while tying the knots to avoid slippage. The commonly used suture materials for 
rectus sheath closure are polyglactin-910 number 1 and polypropylene number 1. 
Cochrane review found no studies examining different suture techniques or mate-
rial for rectus sheath closure.

2.4 Subcutaneous tissue and skin closure

Suturing of the subcutaneous tissue has always been debated. Level one evi-
dence says that suture closure of the subcutaneous fat at the time of CS reduces 
the risk of wound disruption in women with a subcutaneous tissue larger than two 
centimeters. Doing so will not only reduce collection in this space but also decrease 
wound tension. Though studies do show that it does not affect long-term cosmetic 
outcome [30].

A basic need of skin closure is good approximation. Apart from cosmetically 
good scars it is also necessary that the skin closure technique should be technically 
easy, acceptable, speedy and economical. Good tissue union and cosmetically 
acceptable scars are vital for ideal surgical practice.

Technique of skin closure in a cesarean section can be continuous subcuticular 
stitch, interrupted mattress stitch, staples or adhesive compounds.

With a plethora of skin closure materials currently available, choosing a solution 
that combines excellent and rapid cosmetic results with practicality and cost-
effectiveness can be difficult, if not tricky. Suture materials currently available are 
natural, synthetic, absorbable, or non-absorbable, single filament or braided.

Mattress sutures have an advantage of occluding dead space and keeping the 
skin edges everted without tension. This is useful especially in older women where 
skin tends to get inverted.
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The disadvantage with this type of suture is that there can be difficulty in 
approximation and prominent suture marks as sutures tend to be removed later.

To overcome the disadvantage of traditional interrupted mattress suture, 
Hohenleutner et al., described the intradermal buried vertical mattress  
suture [31]. This suture technique is safe, easy and fast to perform, everts skin 
edges and achieves good cosmetic results without leaving suture marks.

Subcuticular suture was first described by Halsted [32]. It is a cosmetic stitch, 
more difficult, but a good choice especially in younger women whose skin is soft 
and supple, hence making approximation easy. It is preferable to use absorbable 
suture for this stitch as the ends are also buried and suture removal is not required.

Though subcuticular stitch has better patient compliance than mattress stitch, 
the post-operative scar assessment at 6 weeks have yielded similar results in both.

Staples are attractive because of the speed of application.
An RCT study of staples with subcuticular stitch by Figueroa D showed that 

surgical staples were significantly associated with a higher incidence wound 
disruptions among those randomized to staples. This observation persisted when 
the outcome is restricted to disruptions >1 cm in length or > 0.5 cm in depth and 
typically led to additional scheduled clinic follow-up visits [33].

Another RCT by Madsen AM, comparing absorbable subcuticular staples with 
suture showed that wound complications, and cosmesis were similar [34]. So if 
one wants to use staples for closure then the absorbable one would be preferred, as 
metal staples though faster, has more wound morbidity.

There are many advantages of tissue adhesives over suturing and other meth-
ods of wound closure, such as a lower infection rate, less operating room time, 
good cosmetic results, lower costs, ease of use, immediate wound sealing, faster 
return to work, elimination of needle-stick injuries and eliminating the need for 
post-operative suture removal [35]. An RCT by Daykan Y, says that skin closure 
with glue or synthetic subcuticular suture have similar outcomes with respect to 
surgical site infection and wound disruptions [36]. The commonly used adhesive is 
octyl-2-cyanoacrylat.

3. Conclusion

Various techniques and suture materials for closure of uterus and the abdominal 
wall following cesarean section have been described. Many studies and meta-
analysis have been done to compare different methods with varying results. It is best 
left to the decision of the operating surgeon and the institutional protocols to decide 
about the technique of closure and the suture material to be used.
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Characteristics of Catch-Up 
Growth in Very Low Birth Weight 
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Paula Moreno-González and María Urretavizcaya-Martinez

Abstract

Features of catch-up growth are not well established in very low birth weight 
infants (VLBW). The aim of this study is to analyze the catch-up growth in height 
and some factors associated in a cohort of VLBW (<1500 g) from birth to age 
14 years. Retrospective registration of weight and height at birth and ages 0.5, 
1, 2, 3, 4, 6, 8, 10, 12 and 14 years in a cohort of 170 VLBW have been recorded 
Anthropometric variables were compared with those from a control group. Sixty-
nine (40.6%) were small for gestational age (SGA subgroup) and 101 (59.4%) 
were appropriate for gestational age (AGA subgroup). Thirty-seven (21.8%) were 
extremely low birth weight (ELBW), and 32 (18.8%) extremely preterm (EPT). 
At age 2, 4 and 10 years, 49.4%, 78.9% and 87.1% VLBW, respectively, did reach 
normal height. Between 4 and 10 years of age, only 8.2% of VLBW reached nor-
mal height. At 10 years of age, 7% of VLBW (1000–1500 g) and 35% of ELBW 
(<1500 g) showed short stature (p = 0.001). Almost the entire sample of VLBW 
with normal height at age 2, 4 and 10 have reached an adequate catch-up growth in 
weight in the previous evaluations. ELBW, SGA and EPT were found to be inde-
pendent predictors for inadequate catch-up growth in height at 2, 4, and 10 years 
of age. The growth pattern of children born preterm has particular features: they 
have a lower rate and/or slowness in the catch-up growth in height with respect to 
that described in full-term small-for-gestational-age infants. Catch-up in weight 
appears to be a decisive factor for catch-up in height, and, on this basis, we recom-
mend a rigorous nutritional follow-up in these individuals. If these measures do not 
help improve catch-up in height, they may be eligible for the establishment of rhGH 
therapy.

Keywords: Catch-up growth, Extremely low birth weight, Growth pattern, 
Intrauterine growth retardation, Preterm infant, Very low birth weight infant

1. Introduction

Full-term infants who present with intrauterine growth restriction constitute a 
varied group with multifactorial conditions. These infants, along with high rates 
of perinatal morbidity and mortality, undergo an increased risk of cardiovascular 
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and/or metabolic disease in adult life [1]. They subsequently experience an accel-
erated compensating growth, known as catch-up growth, which usually ceases at 
age 2 [2–4]. As a matter of fact, those children whose catch-up is inadequate have 
low chance to reach a normal size in adult life; that is one of the approved indica-
tions for the treatment with recombinant growth hormone [5–8].

Nevertheless, the features of catch-up growth are not well characterized in 
very preterm infants (<32 weeks of gestation) or very low birth weight infants 
(<1.500 g). In accordance with current knowledge, there is evidence that supports 
the need to experience adequate extrauterine growth in order to acquire optimal 
development of all their organic capacities. The increased survival rate of very 
low birth weight infants (<1500 g) at present time, as a consequence of the recent 
advances in obstetric and perinatal care, entails a higher risk of sensorineural 
morbidity and/or disability [5, 9, 10]. In any case, the follow-up of these patients, 
even though there is no actual consensus, suggests that this catch-up could extend 
to a later stage, and so condition the prognosis of adult size [11–18].

Catch-up is defined as a fast paced growth after a period of growth failure 
whose aim is to approach to the measurements of normal term-born infants [2–4]. 
When this event fails to develop during the initial stages of life, neurological 
deficits like behavioral difficulties and neurocognitive deficits in very preterm 
infants are likely to be found [19–21]. In addition, correlations between rapid and 
early growth (especially of weight) in preterm-born infants and the progression to 
metabolic syndrome in adulthood have been reported [19, 22, 23]. There is still poor 
understanding on the factors that determine when catch-up growth occurs in very 
preterm infants or very low birth weight infants, but it is well-known that low birth 
weight, early gestational age and medical complications have a particularly negative 
effect on postnatal growth [16]. In addition, the catch-up growth in weight in these 
children, which presents simultaneously to catch-up growth in length, has been less 
frequently studied, even though it has been proved that caloric intake has a positive 
impact on postnatal growth in preterm infants [24–27].

The main aim of the work is to perform a longitudinal descriptive study of 
anthropometric measurements in a group of very low birth weight (VLBW) infants, 
aged from birth to 14 years of age, and to analyze the features of catch-up growth in 
height and some of the factors associated in these children.

2. Methods

There is a specific program in our region (Comunidad Foral de Navarra), 
fostered by the Regional Health Service, that intends to promote healthy lifestyle 
and monitors child growth and development. By means of periodic consultation 
(usually at birth and during the first year, and ages 0.5, 1, 2, 3, 4, 6, 8, 10, 12 and 
14 years), the program accomplish the registration of anthropometric measure-
ments (weight and height) and saves different data in the clinical records.

These children, who represent a cohort of VLBW infants (<1500 g), have 
been evaluated by a pediatrician and/or pediatric nurse by the use of the different 
facilities available (our public Health Service guarantees universal accessibility in 
distance and personal assistance). The different consultations were programmed 
at birth and ages 0.5, 1, 2, 3, 4, 6, 8, 10, 12 and 14 years. A brief medical history, 
basic physical exam and the anthropometric measurements (weight and height) 
were recorded. The only requirements to be included were a Caucasian origin from 
Spanish parents, and the birth place (the Neonatal Unit of the Navarra Hospital 
Complex in Pamplona, Spain, which is the reference Hospital) in the period 
January, 2001-December, 2005.
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Body measurements (weight and height) were taken during physical exam in 
underwear and barefoot. We used an Año-Sayol scale (reading interval 0 to 120 kg 
and a precision of 100 g) for the measurement of weight and a Holtain wall sta-
diometer (reading interval 60 to 210 cm, precision 0.1 cm) for the measurement 
of height.

We collected a sample of 217 births of babies who met the criteria of VLBW, 47 
of whom were excluded due to different reasons: perinatal mortality in 20 (9.2%), 
the finding of severe malformations or chromosomopathies in 6 (2.8%), severe neu-
rosensory disability and motor sequelae in 5 (2.3%), ethnic origin in 8 (3.7%) and 
other reasons (geographical distance to hospital and difficulties for transportation, 
absence of continuity in the evaluations of the pediatric health screening, etc.) in 8 
cases (3.7%).

The children (VLBW) in this cohort were divided in two subgroups: newborn 
infants who were appropriate for gestational age (AGA subgroup) and newborn 
infants who were small for gestational age (SGA subgroup). The difference between 
both groups was that birth weight and/or length were higher or equal/lower than 
two standard deviations below the average of a reference population for gestational 
age and sex, respectively. We used the growth reference charts for newborns from 
the anthropometric growth patterns of preterm from Carrascosa et al. [28]. In addi-
tion, when birth weight was lower than 1.000 g they were defined as extremely low 
birth weight (ELBW). Another way to classify newborns was based on gestational 
age: extremely preterm (EPT) when gestational age was lower than 28 weeks, very 
preterm (VPT) when gestational age was between 28–32 weeks, and late preterm 
(LPT) when gestational age was between 32–37 weeks.

A control group was established by recruiting children from a different obser-
vational epidemiological study made of an infant population (healthy full-term 
infants, Caucasian and children from Caucasian parents); the periodic evaluations 
followed the same patterns as those for VLBW infants (482 boys and 448 girls) [29].

An adequate catch-up growth in height or weight was defined when height or 
weight in VLBW infants, respectively, surpassed the value of 2 standard deviations 
below the mean in the growth charts of the control group [2–4].

3. Statistical analysis

Results are presented in the successive tables as percentages (%) and means (M) 
with corresponding standard deviations (s.d.) and confidence intervals (95% CI). 
The statistical analysis (descriptive statistics, Student’s t-test, analysis of variance, 
Chi-square and multiple logistic regression analysis) was executed with the pro-
gram Statistical Packages for the Social Sciences version 20.0 (Chicago, IL, USA). The 
statistical significance was reached with a P-value of 0.05.

This study was submitted and subsequently approved by the Ethics Committee 
for Human Investigation of the Navarra Hospital Complex, Pamplona, Spain (in 
compliance with the ethical standards of the 1964 Declaration of Hensinki and later 
amendments). Parents and/or legal guardians were aware of the characteristics and 
requirements of the study and provided acceptance for the participation in all cases.

4. Results

The sample of VLBW infants who have been recruited for this study consists of 
170 children (82 boys and 88 girls). In the aggregate, 40.6% (n = 69) of the infants 
were included as small for gestational age (SGA subgroup) and the remaining 59.4% 
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Figure 2. 
Distribution of VLBW according to the type of pregnancy.

(n = 101) as appropriate for gestational age (AGA subgroup). In the SGA subgroup, 
59.4% (n = 41) of children had a history of weight and height alterations at birth, 
while specific alterations of height (23.2%, n = 16) or weight (17.4%, n = 12) were 
less frequent (Figure 1).

Multiple pregnancies amount to 42.4% (n = 72), being twin pregnancies pre-
dominant, (Figure 2).

On the basis of gestational age, they have been subdivided into extremely 
preterm (n = 32, 18.8%), very preterm (n = 72, 42.4%) and late preterm (n = 66, 
38.8%) (Figure 3). Thirty-seven (21.8%) infants were included as ELBW.

Table 1 exposes and compares the values of the anthropometric measurements 
at birth of VLBW infants in the AGA and SGA subgroups and classified by sex. We 
do not appreciate statistically significant differences in the mean weight and height 
values at birth between the two groups. The values of gestational age were signifi-
cantly higher in the SGA subgroup than in the AGA subgroup.

Table 2 displays and compares the mean values for height, weight and growth 
rate in VLBW infants and the control group from birth to 10 years of age. Figures 
for height and weight were significantly lower in VLBW than in the control group. 
In contrast, growth rate in the first two years of life in was significantly higher in 
VLBW infants than in the individuals of the control group.

Figure 1. 
Classification of VLBW according to weight and/or height at birth.



163

Characteristics of Catch-Up Growth in Very Low Birth Weight Infants (<1500 g)
DOI: http://dx.doi.org/10.5772/intechopen.96933

Figure 4 shows the percentage of VLBW infants who reached normal height 
at the different stages that were evaluated in the study. At age 2, 4 and 10 years, 
49.4%, 78.9% and 87.1%of infants, respectively, had gained normal height. In this 
sense, 8.2% of VLBW infants presented with normal height between ages 4 and 
10 years.

The analysis reveals that 86% of VLBW infants that had gained normal weight 
after the first year of life reached normal height (P < 0.001) by age 2 years. 
Additionally, 98.6% of VLBW infants with normal weight at age 2 had reached 
normal height (P < 0.001) by age 4. In the same way, 97.2% of VLBW infants with 
normal weight at age 4 appear with normal values for height (P < 0.001) by age 
10, 99.2% of VLBW infants with normal weight at age 6 showed normal values 
for height by age 8 (P < 0.001), and finally, all VLBW infants that presented with 
normal weight at age 10 had also normal height at this age (P < 0.001).

Table 3 states the comparison of mean values for height, weight and growth rate 
between AGA y SGA subgroups from birth to 10 years of age. The AGA subgroup 
features significantly higher values for height with respect to SGA subgroup at age 
1, 2, 3, 4 and 6, as well as higher values for weight at age 1, 2, 3 and 6. There were 
no statistically significant differences in growth rate between both groups in every 
stage evaluated.

Figure 5 shows the figures of the percentages of infants in the AGA and SGA 
subgroups that gained normal size at the different stages under assessment. There 
were no statistically significant differences between the groups, except at age 10: 

Figure 3. 
Distribution of VLBW according to the degree of prematurity.

Boys Girls

AGA subgroup
(n = 52)

SGA subgroup
(n = 30)

AGA subgroup
(n = 49)

SGA subgroup
(n = 39)

Gestational age*
(weeks)

28.7 ± 1.9 33.3 ± 1.9 28.9 ± 2.1 32.6 ± 3.1

Weight (g) 1204.3 ± 222.8 1257.4 ± 179.9 1145.8 ± 229.7 1134.0 ± 256.5

Height (cm) 38.3 ± 3.1 39.0 ± 2.4 38.2 ± 2.6 37.4 ± 3.5

*Student’s t-test, p < 0.05 among AGA and SGA.
AGA: appropriate for gestational age. SGA: small weight for gestational age.

Table 1. 
Gestational age, weight and height data from VLBW infants at birth in both sexes (M ± SD).
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17% of children in the SGA subgroup (n = 12) and 10% of children in the AGA 
subgroup (n = 10) presented with low height values (P = 0.018).

Table 4 describes the mean values for height, weight and growth rate in ELBW 
(<1000 g) and VLBW (1001–1500 g) infants from birth to 10 years. Mean values 
for weight and height were significantly lower in ELBW than in VLBW in every age 
considered except for 10 years. There were no significant differences in growth rate 
between both groups in any period of age.

Figure 6 presents the percentages of VLBW (1000–1500 g; n = 133) and ELBW 
(<1000 g; n = 37) infants that reached normal height at the different ages under 
assessment. There were significant differences between groups at every age evalu-
ated. In this way, 7% of VLBW infants (n = 9) and 35% of ELBW infants (n = 13) 
showed short stature (P = 0.001) at age 10.

In the SGA subgroup, 7 out of the 12 children that presented with short stature 
at age 10 (7 of whom were ELBW) had reached normal values in height by age 14 (6 
of them had taken treatment with recombinant human growth hormone [rhGH]); 
the remaining 5 (3 of whom were ELBW) maintained short stature (3 of them 
had treatment with rhGH). Treatment with rhGH was started between ages 6.5 

Height (cm)

Age (years) VLBW group Control group p-value

0
6 mo
1
2
3
4
6
8
10

38.2 ± 3.3
60.2 ± 3.5
70.9 ± 3.4
83.8 ± 4.0
92.5 ± 4.2

100.2 ± 4.9
113.8 ± 5.6
125.6 ± 6.0
136.2 ± 6.9

50.0 ± 2.0
67.2 ± 2.2
75.9 ± 2.7
88.1 ± 3.1
96.5 ± 3.4

104.0 ± 4.2
117.3 ± 4.8
129.6 ± 5.4
140.7 ± 6.2

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Weight (kg)

Age (years) VLBW group Control group p-value

0
6 mo
1
2
3
4
6
8
10

1.2 ± 0.2
5.7 ± 1.0
8.0 ± 1.2
10.5 ± 1.5
12.7 ± 2.0
14.8 ± 2.5
19.5 ± 3.5
25.0 ± 5.4
31.5 ± 8.1

3.3 ± 0.4
7.7 ± 0.8

10.0 ± 1.2
12.7 ± 1.4
15.2 ± 1.8
17.6 ± 2.4
22.7 ± 3.6
29.6 ± 5.6
37.2 ± 7.4

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Velocity height (cm/y)

Age (years) VLBW group Control group p-value

0–6 mo
0–12 mo
1–2
2–3
3–4
4–6
6–8
8–10

44.1 ± 4.9
32.6 ± 3.1
12.9 ± 1.8
8.8 ± 2.2
7.5 ± 1.9
6.6 ± 1.4
6.1 ± 1.1
5.5 ± 1.3

34.0 ± 6.5
26.0 ± 2.6
11.9 ± 2.4
8.4 ± 1.9
7.7 ± 1.8
6.7 ± 1.0
6.1 ± 1.1
5.6 ± 1.3

<0.001
<0.001
<0.001
0.060
0.190
0.895
0.453
0.558

VLBW: very low birth weight.

Table 2. 
Changes in the values of height, weight and growth rate of VLBW and control group (M ± SD).



165

Characteristics of Catch-Up Growth in Very Low Birth Weight Infants (<1500 g)
DOI: http://dx.doi.org/10.5772/intechopen.96933

Figure 4. 
Percentages of adequate catch-up growth in height in VLBW infants.

Height (cm)

Age (years) SGA subgroup AGA subgroup p-value

0
6 mo
1
2
3
4
6
8
10

38.1 ± 3.8
60.1 ± 4.0
70.2 ± 3.6
82.9 ± 3.9
91.6 ± 3.8
99.1 ± 4.8

112.4 ± 6.0
124.6 ± 5.7
135.5 ± 6.6

38.2 ± 2.8
60.4 ± 3.4
71.4 ± 3.4
84.5 ± 3.9
93.1 ± 4.4

100.9 ± 5.0
114.6 ± 5.7
126.4 ± 6.2
137.0 ± 7.2

0.786
0.702
0.008
0.027
0.030
0.035
0.025
0.109
0.409

Weight (kg)

Age (years) SGA subgroup AGA subgroup p-value

0
6 mo
1
2
3
4
6
8
10

1.2 ± 0.2
5.5 ± 1.0
7.6 ± 1.2

10.0 ± 1.6
12.1 ± 1.6
14.4 ± 2.3
18.7 ± 3.3
24.4 ± 5.2
31.5 ± 8.1

1.2 ± 0.2
5.9 ± 0.9
8.3 ± 1.1

10.8 ± 1.5
13.2 ± 2.1
14.8 ± 3.4
19.9 ± 3.6
25.5 ± 5.4
31.7 ± 8.3

0.730
0.081
0.002
0.002
0.001
0.355
0.032
0.258
0.902

Velocity height (cm/y)

Age (years) SGA subgroup AGA subgroup p-value

0–6 mo
6–12 mo
0–12 mo
1–2
2–3
3–4
4–6
6–8
8–10

44.5 ± 5.4
20.3 ± 4.0
32.2 ± 3.4
12.8 ± 1.5
8.6 ± 2.1
7.4 ± 2.0
6.4 ± 1.3
6.1 ± 1.3
5.4 ± 1.2

43.9 ± 4.4
21.9 ± 4.6
33.0 ± 2.8
13.1 ± 2.1
8.9 ± 2.2
7.6 ± 1.7
6.7 ± 1.4
6.2 ± 1.0
5.5 ± 1.5

0.511
0.068
0.170
0.423
0.553
0.650
0.225
0.678
0.750

AGA: appropriate for gestational age. SGA: small weight for gestational age.

Table 3. 
Changes in the values of height, weight and growth rate of VLBW (AGA and SGA subgroups. (M ± SD).
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Figure 5. 
Percentages of adequate catch-up growth in height in AGA and SGA groups (chi-square).

Height (cm)

Age (years) ELBW group (<1000 g) VLBW group (1000–1500 g) p-value

0
6 mo
1
2
3
4
6
8
10

33.6 ± 2.7
55.8 ± 2.8
67.0 ± 2.8
75.9 ± 3.9
79,7 ± 4.2
96.4 ± 5.9
110.5 ± 6.1
121.1 ± 6.8
133.8 ± 7.3

39.4 ± 2.1
61.4 ± 2.7
71.8 ± 2.8
84.8 ± 3.2
93.5 ± 3.5

101.1 ± 4.1
114.5 ± 5.2
126.8 ± 5.3
136.8 ± 6.7

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.179

Weight (kg)

Age (years) ELBW group (<1000 g) VLBW group (1000–1500 g) p-value

0
6 mo
1
2
3
4
6
8
10

0.8 ± 0.1
4.7 ± 0.8
6.8 ± 1.1
9.2 ± 1.3
11.2 ± 1.5
13.0 ± 2.0
17.1 ± 2.7
21.5 ± 4.1
32.6 ± 8.3

1.3 ± 0.2
6.0 ± 0.8
8.3 ± 1.0
10.9 ± 1.3
13.1 ± 1.8
15.3 ± 2.3
20.0 ± 3.4
26.1 ± 5.2
32.7 ± 8.3

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.00
0.048

Velocity height (cm/y)

Age (years) ELBW group (<1000 g) VLBW group (1000–1500 g) p-value

0–6 mo
6–12 mo
0–12 mo
1–2
2–3
3–4
4–6
6–8
8–10

44.9 ± 6.3
22.8 ± 4.5
33.9 ± 3.7
12.7 ± 2.3
9.0 ± 2.5
7.4 ± 2.1
6.5 ± 1.2
5.8 ± 1.1
5.7 ± 1.1

43.9 ± 4.4
20.8 ± 4.3
32.3 ± 2.9
13.0 ± 1.7
8.7 ± 2.1
7.5 ± 1.7
6.7 ± 1.3
6.2 ± 1.1
5.5 ± 1.3

0.409
0.039
0.065
0.492
0.621
0.698
0.595
0.171
0.530

ELBW: extremely low birth weight. VLBW: very low birth weight.

Table 4. 
Changes in the values of height, weight and growth rate of VLBW (1000–1500 g) and ELBW (< 1000 g). 
(M ± SD).
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and 8.3 years. In the AGA subgroup, 2 of the 10 children that presented with short 
stature at age 10 (7 of whom were ELBW) had reached a normal height at 14 years 
(1 of them had received rhGH therapy at age 8.9 years) and 8 (6 of them ELBW) 
kept in short stature (1 of them started rhGH therapy at age 7.8 years, and 7 of them 
were not entitled to receive treatment due to normal responses in growth hormone 
stimulation tests).

Table 5 displays the results of the multiple logistic regression analysis conducted 
to study the association of neonatal clinical history with inappropriate catch-up 
growth in height at ages 2, 4, and 10. The analysis shows that the conditions of ELBW, 
SGA for height and preterm birth before 28 weeks of gestation were associated with 
inadequate catch-up growth in height at 2, 4, and 10 years. On the other side, SGA for 

Figure 6. 
Percentages of adequate catch-up growth in height in ELBW and VLBW infants (chi-square).

Items Inadequate catch-up growth in height

At 2 years
OR (95% CI) P-value

At 4 years
OR (95% CI) P-value

At 10 years
OR (95% CI) P-value

Birth weight
VLBW (1000–1500 g), n = 133
ELBW (<1000 g), n = 37

Referent
8,9 (3.3–24.5) 0.001

Referent
5,9 (3.6–13.6) 0.001

Referent
5.3 (2.1–13.4) 0.001

AGA group, n = 69
SGA group (weight/height), n = 41

Referent
1,6 (0,8–2.9) 0,150

Referent
1,5 (0.7–3.1) 0,300

Referent
2.6 (1.1–6.4) 0.038

AGA group, n = 69
SGA group (only weight), n = 12

Referent
1.4 (0.7–2.7) 0.291

Referent
1.3 (0.6–2.9) 0.457

Referent
2.3 (0.9–5.5) 0.069

AGA group, n = 69
SGA group (only height), n = 16

Referent
2.0 (1.3–1.7) 0.048

Referent
1.9 (1.2–4.0) 0.033

Referent
2.8 (1.1–6.8) 0.024

Gestation type
Single, n = 98
Multiple, n = 72

Referent
0,9 (0.5–1.5) 0.620

Referent
0.9 (0.4–1.9) 0.862

Referent
1.4 (0.6–3.6) 0.431

Gestational age
32–37 weeks (LPT), n = 66
<28 weeks (VPT), n = 72
28–32 weeks (EPT), n = 32

Referent
2.5(1.1–5.9) 0.035
2.6 (1.1.6.4) 0.033

Referent
7.2(2.6–19.8) 0.001

4.2 (1.6–10.8) 0.003

Referent
4.5(1.3–14.9) 0.015
1.9 (0.7–5.3) 0.242

VLBW: very low birth weight. ELBW: extremely low birth weight. AGA: appropriate for gestational age. SGA: small 
weight for gestational age. LPT: late preterm. VPT: very preterm. EPT: extremely preterm.

Table 5. 
Logistic regression analysis of factors associated with inadequate catch-up growth.
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both weight and height was associated with inadequate catch-up growth only at age 
10, whereas preterm birth between 28 to 32 weeks of gestation was associated with 
inadequate catch-up growth only at ages 2 and 4. Additionally, multiple birth was not 
associated with inadequate catch-up growth at ages 2, 4 or 10 years.

5. Discussion

The terms “intrauterine growth restriction” (IUGR) and “small for gestational 
age” (SGA) newborn are not strictly equivalent concepts [30], since they are related 
to different chronological stages (fetal growth and anthropometric measurements 
at birth, respectively). Nevertheless, they refer to failure to reach the genetic growth 
potencial during the prenatal period as an adaptive response to an adverse uterine 
environment. In any way, both terms are used indistinctly in daily clinical practice 
in order to cluster those newborns whose weight and/or height at birth are equal to/
below 2 standard deviations under the average of a reference population on the basis 
of gestational age and sex. In this case, the majority of children included in the so-
called SGA group presented with a combined alteration in weight and height, whilst 
the proportion of children with exclusive weight or height disorder was slightly lower.

This definition requires a precise diagnosis of gestational age and the reg-
istration of anthropometric measurements after birth, whose values should be 
contrasted with reference standards for gestational age and sex. The choice of 
reference patterns is a determining factor in the assessment of newborn growth 
[31]. In fact, the variability of the anthropometric variables in relation to racial, 
genetic, social, environmental and maternal lifestyle factors make it advisable to 
use local or national growth reference charts. The charts from Lubchenco et al. [32], 
which were published in the 60s, have been widely used and are characterized by a 
contrasted clinical utility. At present, the most qualified local (Spanish) reference 
charts, which have been used in the present study, are the newborn (26–42 weeks of 
gestational age) weight and height charts from the anthropometric growth patterns 
of preterm from Carrascosa et al. [28].

Fetal development and intrauterine growth are complex processes in which 
continuous and harmonious cellular proliferation and differentiation take place. 
Multiple factors (maternal, fetal, placental and environmental) have been men-
tioned to have a negative impact on the fetus and set off a series of functional 
and structural adaptive changes that conclude in fetal growth restriction (in the 
so-called “thrifty phenotype hypothesis”). They are linked to different changes 
in hormone sensitivity and/or secretion that entails an increased risk of devel-
oping metabolic and/or endocrine disorders in adult life [33, 34]. In any way, 
most term newborns with previous intrauterine growth restriction manifest a 
compensatory growth (catch-up growth) after birth, mainly in the first year of 
life, that enables approximately 90% of the individuals to surpass the threshold 
of 2 SDs under the average in the reference population, or, in other words, to 
get normal height [2–4]. Even so, whenever this compensatory growth does not 
occur, a normal final height in adulthood is not likely to be reached. By knowing 
so, this event is considered one of the indications for rhGH therapy approved 
by the United States Food and Drug Administration (FDA), the European 
Medicines Agency (EMA) and the Growth Hormone Research Society, with 
the intention to boost the initial compensatory growth and/or to keep normal 
growth velocity [3, 35, 36].

The recent advances in obstetric and perinatal care have led to a considerable 
decrease in VLBW infants mortality; despite this, and owing to the potential 
sensorineural morbidity in this children, these patients are usually enlisted in 
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follow-up programmes whose goal is the early detection of neurodevelopmental 
problems [1, 37]. The improvement of these programmes has eased the standard-
ization of dietary and nutritional advices, and enabled growth monitoring in the 
first years of life. It also facilitates the analysis, as we performed in this study, of 
the evolution of anthropometric variables in VLBW infants [38].

The results obtained in this study confirm that, on one side, the VLBW new-
borns undergo a postnatal compensatory growth that is maximum during the first 
year of life, as it occurs in term newborns that are SGA. As a matter of fact, growth 
velocity during the first 12 months of life in VLBW was considerably higher than 
in the control group; this explains, to a great extent, the noticeably proportion 
of individuals in this group that reach normal height by age 2 years [39]. On the 
other side, this study remarks that VLBW infants have a lower rate and/or delay in 
the catch-up growth in height when comparing to that observed in full-term SGA 
infants [4, 16–18, 24, 25]. In point of fact, 50.6%, 21.1% and 12.9% of individuals, 
maintained short stature at age 2, 4 and 10, respectively; in other words, these 
individuals reached normal height in a similar percentage than that for full-term 
SGA infants at age 2. Additionally, barely 8.2% of children reached normal height 
between ages 4 to 10. Despite current data are inconsistent, these results are some-
how congruent with those exposed by the different authors that previously noticed 
that catch-up in VLBW infants could be delayed [12, 15, 40–44]. Nevertheless, none 
of the authors cited has screened the influence of catch-up growth in weight, which 
is concurrent with the catch-up in height and, in accordance to the data collected, 
plays a decisive role [24, 25]. In effect, a great majority of individuals who present 
with normal height at age 2, 4 and 10 have gained an adequate catch-up growth in 
weight in the previous evaluations. For this reason, these individuals should follow a 
strict nutritional control in order to raise an issue on the prescription of nutritional 
supplements with the challenge to get weight recovery as fast as possible [26, 45–47].

The findings of our study have direct implications on clinical practice. First of 
all, the assessment and comparison of the patterns of catch-up height gain in AGA 
and SGA groups present only small variances in the age range under consideration, 
except at age 10. At age 10, only 1 out of the 10 children did not register normal 
height in the AGA group, whilst approximately 1 in 5 children in the SGA subgroup 
still had short stature. In other words, the lower rate of catch-up growth in VLBW 
infants is slightly further reduced or delayed in SGA infants. On the other hand, it is 
important to emphasize that 1 in 3 children get normal height in both the AGA and 
the SGA groups between ages 2 and 4 years. This fact suggests that the implementa-
tion of the recommendation of the EMA and the Growth Hormone Research Society 
to postpone the beginning of rhGH therapy until the age of 4 years would be more 
applicable than implementing the recommendation of the FDA, which recommends 
the beginning of treatment at age 2 years.

The analysis of catch-up growth in ELBW infants merits particular attention. 
First, we detected that the majority of children that had not attained normal height 
by age 10 years in both the AGA and the SGA subgroups were infants born with 
ELBW. Second, there was a noticeable amount of children in the AGA subgroup that 
were not considered for hormone therapy when the response to growth hormone 
stimulation test was normal, in accordance with the current recommendations 
of the FDA, the EMA and the Growth Hormone Research Society. This fact fully 
explains the reason why children in the AGA subgroup with short stature at age 
10 years (the majority of them were VLBW) remained in the same situation at age 
14 and, presumably, in adulthood. Since current guidelines do not give consid-
eration to the option of beginning growth hormone therapy in AGA infants with 
normal GH secretion, we should reckon if these criteria should be revised in the 
case of children born with VLBW and, especially, those with ELBW.
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The multiple logistic regression analysis corroborated that ELBW and EPT 
infants were at higher risk of inadequate catch-up in height at 2, 4, and 10 years 
of age; additionally, they have an increased risk of short stature in adulthood. 
These results sustain the hypothesis of a potential benefit from GH treatment, 
independently of the adequacy of their birth weight and/or length for gestational 
age [18, 48–50].

In conclusion, the growth pattern of children born preterm has particular 
features. Approximately 85% and 53% of VLBW and ELBW infants, respectively, 
will attain normal height by 4 years of age. In contrast, those individuals with short 
stature at age 4 years are not likely to attain normal height in childhood. Catch-up in 
weight appears to be a decisive factor for catch-up in height, and, on this basis, we 
recommend a rigorous nutritional follow-up in these individuals. If these measures 
do not help improve catch-up in height, they may be eligible for the establishment 
of rhGH therapy.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



171

Characteristics of Catch-Up Growth in Very Low Birth Weight Infants (<1500 g)
DOI: http://dx.doi.org/10.5772/intechopen.96933

References

[1] Raju TNK, Buist AS, Blaisdell CJ, 
Moxey-Mims M, Saigal S. Adults born 
preterm: A review of general health 
and system-specific outcomes. Acta 
Paediatr. 2017;106:1409-1437.

[2] Lee PA, Chernausek SD, 
Hokken-Koelega AC, Czernichow P, 
International Small for Gestational Age 
Advisory Board. International Small 
for Gestational Age Advisory Board 
consensus development conference 
statement: Management of short 
children born small for gestational age, 
April 24–October 1, 2001. Pediatrics. 
2003;111:1253-61.

[3] Clayton PE, Cianfarani S, 
Czernichow P, Johannsson G, Rapaport R, 
Rogol A. Management of the child born 
small for gestational age through to 
adulthood: A consensus statement of 
the International Societies of Paediatric 
Endocrinology and the Growth 
Hormone Research Society. J Clin 
Endocrinol Metab. 2007; 2:804-810.

[4] Boguszewski MC, Mericq V,  
Bergada I, Damiani D, Belgorosky A,  
Gunczler P, et al. Latin American 
consensus: Children born small 
for gestational age. BMC Pediatr. 
2008;11:66.

[5] Lemons JA, Bauer CR, Oh W, 
Korones SB, Papile LA, Stoll BJ, et al. 
Very low birth weight outcomes of 
the National Institute of Child health 
and human development neonatal 
research network, January 1995 through 
December 1996. NICHD Neonatal 
Research Network. Pediatrics. 2001; 
107: E1.

[6] Gharib H, Cook DM, Saenger PH, 
Bengtsson BA, Feld S, Nippold TB, 
et al. American Association of Clinical 
Endocrinologists Growth Hormone 
Task Force 2003: American Association 
of Clinical Endocrinologists medical 
guidelines for clinical practice for 

growth hormone use in adults and 
children–2003 update. Endocr Pract 
2003, 9: 64-73.

[7] Carrascosa A, Vicens-Calvet E, 
Yeste D, Espadero RM, Ulied A. 
Children born small for gestational 
age (SGA) who fail to achieve catch up 
growth by 2-8 years of age are short 
from infancy to adulthood. Data from 
a cross-sectional study of 486 Spanish 
children. Pediatr Endocrinol Rev. 2006; 
4: 15-27.

[8] Argente J, Gracia R, Ibáñez L,  
Oliver A, Borrajo E, Vela A, et al.  
Spanish SGA Working Group: 
Improvement in growth after two 
years of growth hormone therapy 
in very young children born small 
for gestational age and without 
spontaneous catch-up growth: results of 
a multicenter, controlled, randomized, 
open clinical trial. J Clin Endocrinol 
Metab 2007, 92: 3095-3101.

[9] Arce Casas A, Iriondo Sanz M, 
Krauel Vidal J, Jiménez González R, 
Campistol Plana J, Poo Argüelles P, et al. 
Neurological follow-up of very low birth 
weight newborns at the age of two years 
(1998-1999). An Pediatr (Barc) 2003; 59: 
454-461.

[10] Hernández González N, Salas 
Hernández S, García-Alix Pérez A, 
Roche Herrero C, Pérez Rodríguez J, 
Omeñaca Teres F, et al. Morbidity at 2 
years in infants with a birth weight of 
< 1,500 g. An Pediatr (Barc) 2005; 62: 
320-327.

[11] Saigal S, Stoskopf BL, Streiner DL, 
Burrows E. Physical growth and current 
health status of infants who were of 
extremely low birth weight and controls 
at adolescence. Pediatrics 2001; 108: 
407-415.

[12] Hack M, Schluchter M, Cartar L, 
Rahman M, Cuttler L, Borawski E. 



Current Topics in Caesarean Section

172

Growth of very low birth weight infants 
to age 20 years. Pediatrics 2003; 112: 
e30–e38.

[13] Finken MJ, Dekker FW, de 
Zegher F, Wit JM. Long-term height 
gain of prematurely born children with 
neonatal growth restraint: parallellism 
with the growth pattern of short 
children born small for gestational age. 
Pediatrics 2006; 118: 640-643.

[14] Niklasson A, Engstrom E, Hard AL, 
Albertsson-Wikland K, Hellstrom A. 
Growth in very preterm children: a 
longitudinal study. Pediatr Res. 2003; 
54: 899-905.

[15] Farooqi A, Hägglöf B, Sedin G, 
Gothefors L, Serenius F. Growth in 10- 
to 12-year-old children born at 23 to 25 
weeks’ gestation in the 1990s: a Swedish 
national prospective follow-up study. 
Pediatrics 2006; 118: e1452–e1465.

[16] Euser AM, de Wit CC, 
Finken MJ, Rijken M, Wit JM. Growth 
of preterm born children. Horm Res. 
2008;70:319-328.

[17] Hollanders JJ, van der Pal SM, van 
Dommelen P, Rotteveel J, Finken MJJ. 
Growth pattern and final height of 
very preterm vs. very low birth weight 
infants. Pediatr Res. 2017;82:317-323.

[18] Boguszewski MCS, Cardoso- 
Demartini A. Growth and growth 
hormone therapy in short children 
born preterm. Eur J Endocrinol. 
2017;176:R111–R122.

[19] Lapillonne A, Griffin IJ. Feeding 
preterm infants today for later metabolic 
and cardiovascular outcomes. J. Pediatr. 
2013, 162, S7–S16.

[20] Guellec I, Lapillonne A, Marret S, 
Picaud JC, Mitanchez D, Charkaluk ML, 
et al. Effect of intra- and extrauterine 
growth on long-term neurologic 
outcomes of very preterm infants. J 
Pediatr 2016; 175: 93-99.e91.

[21] Takeuchi A, Yorifuji T, Hattori M, 
Tamai K, Nakamura K, Nakamura M, 
et al. Catch-up growth and behavioral 
development among preterm, small-for-
gestational-age children: A nationwide 
Japanese population-based study. Brain 
Dev 2019; 41: 397-405

[22] Kerkhof GF, Willemsen RH, 
Leunissen RW, Breukhoven PE, Hokken-
Koelega AC: Health profile of young 
adults born preterm: negative effects 
of rapid weight gain in early life. J 
Clin Endocrinol Metabol 2012; 97: 
4498-4506.

[23] Embleton ND, Korada M,  
Wood CL, Pearce MS, Swamy R, 
Cheetham TD. Catch-up growth and 
metabolic outcomes in adolescents 
born preterm. Arch Dis Child 2016; 
101:1026-1031.

[24] Vohr BR, McKinley LT. The 
challenge pays off: early enhanced 
nutritional intake for VLBW small-for-
gestation neonates improves long-term 
outcome. J Pediatr. 2003; 142:459-461.

[25] Yesinel S, Aldemir EY, 
Kavuncuoglu S, Yildiz H. Evaluation of 
growth in very low birth weight preterm 
babies. Türk Ped Ars.2014; 49:289-298.

[26] Toftlund LH, Halken S, Agertoft L, 
Zachariassen G. Catch-up growth, rapid 
weight growth, and continuous growth 
from birth to 6 years of age in very-
preterm born children. Neonatology 
2018;114:285-293

[27] Liu X, Biru Luo B, Wentao Peng W, 
Xiong F, Yang F, Wu J. Factors affecting 
the catch-up growth of preterm infants 
after discharge in China: a multicenter 
study based on the health belief model. 
Ital J Pediatr. 2019; 45:87

[28] Carrascosa A, Yeste D, Copil A,  
Almar J, Salcedo S, GussinyeM. 
Anthropometric growth patterns of 
preterm and full-term newborns (24-42 
weeks’ gestational age) at the Hospital 



173

Characteristics of Catch-Up Growth in Very Low Birth Weight Infants (<1500 g)
DOI: http://dx.doi.org/10.5772/intechopen.96933

Materno-Infantil Vall D’Hebron 
(Barcelona, Spain) 1997-2002. An 
Pediatr (Barc). 2004; 60:406-16.11

[29] Durá Travé T, Garralda Torres I, 
Hualde Olascoaga J, Grupo Colaborador 
de Navarra. Longitudinal study of child 
growth in Navarre (1993-2007). An 
Pediatr (Barc). 2009; 70: 526-533.

[30] Wit JM, Finken MJJ, Rijken M, De 
Zegher F. Preterm growth restraint: 
A paradigm that unifies intrauterine 
growth retardation and preterm 
extrauterine growth retardation and 
has Implications for the small-for-
gestational-age indication in growth 
hormone therapy. Pediatrics 2006; 117: 
e793–e795.

[31] Ayerza Casas A, Rodríguez 
Martínez G, Samper Villagrasa MP, 
Ventura Faci P. To born small for 
gestational age may depend on the 
growth curve used. Nutr Hosp. 2011; 26: 
752-758.

[32] Lubchenco LO, Hansman C, Boyd E. 
Intrauterine growth in length and head 
circumference as estimated from live 
births at gestational ages from 26 to 42 
weeks. Pediatrics 1966; 47: 403-408.

[33] Hales CN, Barker DJP. The thrifty 
phenotype hypothesis. Br Med Bull. 
2001; 60:5-20.

[34] Vaag AA, Grunnet LG,  
Arora GP, Brons C. The thrifty 
phenotypehypothesis revisited. 
Diabetologia. 2012; 55:2085-2088.

[35] Gharib H, Cook DM, Saenger PH, 
Bengtsson BA, Feld S, Nippoldt TB, 
et al. American Association of Clinical 
endocrinologists medical guidelines for 
clinical practice for growth hormone 
use in adults and children-2003 update. 
Endocr Pract. 2003;9:64-73.

[36] Boguszewski MCDS, Cardoso- 
Demartini AA. Management of 
endocrine disease: Growth hormone 

therapy in short children born preterm. 
Eur J Endocrinol. 2017;176:R111-R122.

[37] Diez-López I, de Arriba-Muñoz A, 
Bosch-Muñoz J, Cabanas-Rodriguez P, 
Gallego-Gómez E, Martinez-Aedo 
Ollero MJ, et al.[Follow-up of the 
small-for-gestational-age child: clinical 
guide-lines] Spanish. An Pediatr (Barc). 
2012; 76, 104.e1-7.

[38] López ID, Muñoz Ade A, Muñoz JB, 
Rodríguez PC, Gómez EG, Ollero MJ, 
et al. Follow-up of the small-for-
gestational-age child: clinical guidelines. 
An Pediatr (Barc). 2012; 76: 104.e1-7.

[39] Olbertz DM, Mumm R, 
Wittwer-Backofen U, Fricke-Otto S, 
Pyper A, Otte J, et al. Identification of 
growth patterns of preterm and small-
for-gestational age children from birth 
to 4 years – do they catch up? J. Perinat. 
Med. 2019; 47: 448-454

[40] Knops NB, Sneeuw KC, Brand R, 
Hille ET, den Ouden AL, WitJM, et al. 
Catch-up growth up to ten years of 
age in children born very preterm 
or with very low birth weight. BMC 
Pediatr.2005; 5:26.

[41] Sullivan MC, McGrath MM,  
Hawes K, Lester BM. Growth 
trajectories of preterm infants: birth to 
12 years. J Pediatr HealthCare. 2008; 
22:83-93.

[42] Bocca-Tjeertes IF, Kerstjens JM, 
Reijneveld SA, de WinterAF, Bos AF. 
Growth and predictors of growth 
restraint inmoderately preterm children 
aged 0 to 4 years. Pediatrics.2011; 
128:e1187-94.

[43] Roberts G, Cheong J, Opie G, 
Garse E, Davis N, Duff J, et al. Growth 
of extremely preterm survivors from 
birth to18 years of age compared 
with term controls. Pediatrics.2013; 
131:e439–e445.

[44] Finken MJ, Dekker FW, de 
Zegher F, Wit JM. Long-termheight 



Current Topics in Caesarean Section

174

gain of prematurely born children with 
neonatal growth restraint: parallellism 
with the growth pattern of short 
children born small for gestational age. 
Pediatrics. 2018; 118:640-643.

[45] Liu X, Biru Luo B, Wentao Peng W, 
Xiong F, Yang F, Wu J. Factors affecting 
the catch-up growth of preterm infants 
after discharge in China: a multicenter 
study based on the health belief model. 
Ital J Pediatr. 2019; 45:87

[46] Japakasetr S, Sirikulchayanonta C, 
Suthutvoravut U, Chindavijak B, 
Nokdee S. Implementation of a nutrition 
program reduced post-discharge growth 
restriction in Thai very low birth weight 
preterm infants. Nutrients 2016; 8:820.

[47] Singhal A. Long-Term Adverse 
Effects of Early Growth Acceleration 
or Catch-Up Growth. Ann Nutr Metab 
2017;70:236-240

[48] Boguszewski MC, Lindberg A, 
Wollmann HA. Three-year growth 
response to growth hormone treatment 
in very young children born small for 
gestational age-data from KIGS. J Clin 
EndocrinolMetab. 2014; 99:2683-2688.

[49] Berndt C, Schweizer R, Ranke MB, 
Binder G, Martin DD. Height, muscle, 
fat and bone response to growth 
hormone in short children with very 
low birth weight born appropriate for 
gestational age and small for gestational 
age. Horm Res Paediatr. 2014; 82:81-88.

[50] Qi W, Shen Q, Qiao Y, Wei Z,  
Wei Y, Fan T. The impact of 
recombinant human growth hormone 
on growth and development of low 
weight premature infants. Int J Clin Exp 
Med. 2016; 9:4983-4988.



175

Chapter 11

The Extremely Low Birth Weight 
Infant
Anet Papazovska Cherepnalkovski, Vesna Pavlov, 
Ivanka Furlan and Marija Bucat

Abstract

Extremely low birth weight infants (ELBW) are defined by birth weight of less 
than 1000 g and are frequently born at 27 weeks’ gestation (GW) or younger. The 
neonatologists’ efforts focused on improvement of intact survival rate, especially 
for those born at the frontiers of viability at 22/23 GW. Survival rates of >80% 
for the advanced gestations and > 50% for 23–24 GW have been reported. Higher 
gestational age and birth weight, female gender, better maternal education, and 
white race have been recognized as significant predictors of decreased morbidity 
in ELBW infants. Although the mortality rate has significantly contracted for this 
group with improved technology and better understanding of pathophysiology, the 
proportion of surviving infants without sequelae, has not improved as noticeably. 
We review the short and long-term morbidities in ELBW infants and compare own 
and literature data. We analyze some of the specific immediate problems for this 
group such as: respiratory problems, infection, thermoregulation, impaired glucose 
homeostasis and disturbed cardiovascular and excretory functions as well as late 
morbidities such as bronchopulmonary dysplasia, late-onset infections, central 
nervous system occurrences, retinopathy and anemia of prematurity. We also deal 
with preventive and therapeutic strategies for improved outcome in this sensitive 
group of patients.

Keywords: ELBW infants, survival, morbidities, outcomes, respiratory distress, 
bronchopulmonary dysplasia, retinopathy of prematurity

1. Introduction

Prematurity is a significant risk factor for survival of the neonate and is related 
to increased perinatal mortality and morbidity. Current minimal age of viability is 
considered to be 22–23 weeks’ gestation with dispersed reports of survival earlier 
than this estimated gestational age (GA) [1].

Extremely low birth weight infants (ELBW) are defined by birth weight of less 
than 1000 g; also, are the youngest premature newborns typically born at 27 weeks’ 
gestation or younger [1].

Attention has turned to the improvement of the intact survival rate of extremely 
low birth weight infants (ELBW), particularly of those born at the boundaries 
of current perinatal medicine. Survival rates to hospital discharge of above 80% 
have been reported in Canada, USA and Japan for the 25 GW [2–4]. Developed 
centers report on increase survival rates also for infants born at 23–24 GW [4] 
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with significant variability in survival observed in resource limited centers [5, 6]. 
Factors found to be significantly positively correlated with improved survival and 
outcome of ELBW infants were: older gestational age [1, 5, 6], higher birth weight 
[1, 5–7], female gender [7], singleton birth [7], antenatal steroid use [1, 6–8], 
Apgar score at 5 min [1] and delivery by cesarean section (CS) [1, 6]. On the other 
hand, vaginal delivery in non-vertex presentation [1, 9, 10] placental abruption [1] 
and the existence of fetal growth restriction [11] have been recognized as adverse 
factors. Reports highlight birth weights of >750 g in association with better survival 
[1, 6, 12]. In our previous study, not only that we found a strong positive correla-
tion of higher birth weights with survival, but also of broader head circumferences; 
the median head circumference was 2.5 cm larger for the survivors [12]. Apgar 
scores’ median value 5 at the first minute were significantly positively associated 
with favorable outcome [12]. A significant correlation of caesarean section delivery 
with the outcome has been observed in studies [1, 6, 12], with a higher share of 
emergency cesarean sections in survivors [12] pointing out that CS is indeed a 
protective mode of delivery. However, indication of CS in pregnancies of less than 
24 weeks is a matter of inclusive worldwide debate. To reach a conclusion, a nation-
wide survey is needed.

Although the mortality rate has significantly diminished with improved 
neonatal technologies, use of exogenous surfactant preparations and better under-
standing of pathophysiology of ELBW infants, the proportion of surviving infants 
without sequelae, such as chronic lung disease, cognitive delays, cerebral palsy and 
neurosensory deficits has not improved as noticeably [13, 14].

2. Specific problems in the ELBW infants

2.1 Thermoregulation

ELBW infants are particularly prone to heat loss immediately after birth due 
to high body surface area to weight ratio, thin skin, decreased brown fat tissue 
and decreased glycogen supply. Studies have found significant association of 
hypothermia to in-hospital mortality, respiratory distress syndrome, necrotizing 
enterocolitis (NEC), and intraventricular hemorrhage in low birth weight/preterm 
infants [15, 16]. A retrospective observational study performed at 29 Canadian 
Neonatal Networks’ neonatal intensive care units encompassing 9833 infants born 
at <33 weeks’ gestation showed U-shaped relationship between admission tempera-
tures and adverse neonatal outcomes. Lowest rates of adverse outcomes have been 
associated with admission temperatures between 36.5 °C and 37.2 °C [15]. Thermal 
management is crucial for survival of the ELBW infants and includes interventions 
such as drying, heating under a radiant warmer, placing a hat on the head and plas-
tic film over the body [16, 17]. Frequent monitoring of temperature should be done 
to avoid iatrogenic hyperthermia, especially when applying multiple interventions 
simultaneously (e.g. plastic bags + thermal mattresses) [16].

2.2 Respiratory distress syndrome

Respiratory distress syndrome (RDS) caused by surfactant deficiency is an 
early complication of extreme prematurity. Surfactant deficiency causes decreased 
pulmonary compliance, alveolar hypotension, and an imbalance between pul-
monary ventilation and perfusion [17, 18]. Clinically marked by tachypnea, chest 
retractions, nasal flaring, cyanosis and grunting, this condition usually progresses 
to hypoventilation, hypoxemia and respiratory acidosis [17, 18]. RDS was recorded 
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in 80% of babies born at 28 weeks’ gestation and in 90% of those born at 24 weeks’ 
gestation according to Vermont Oxford Network data during 2017 [18]. Common 
complications of RDS comprise air leak syndromes, bronchopulmonary dysplasia 
(BPD) and retinopathy of prematurity (ROP). Animal and synthetic surfactants 
have been widely used for the treatment of RDS which resulted with significant 
reduction in mortality. Also, a shift in practice has been noted towards non-invasive 
ventilation techniques such as continuous positive airway pressure CPAP [19]. 
Recent large trials showed a lower risk of chronic lung disease or death from early 
stabilization on CPAP with selective surfactant administration [20]. However, 
infants born at 23–24 weeks’ gestation, may continue to have high need for intuba-
tion during initial stabilization.

The INSURE technique (Intubate-Surfactant-Extubate) for surfactant adminis-
tration involves giving surfactant through an endotracheal tube while administer-
ing positive pressure inhalations, often with premedication. This method has been 
used since 1994 and efficacy has been replicated in many studies [21, 22]. LISA 
(Less Invasive Surfactant Administration) on the other hand, is a preferred new 
method that involves administering surfactant via a small intratracheal catheter, 
with the baby breathing spontaneously on CPAP or NIPPV support, without seda-
tion [23, 24]. However, a recent study raised concerns over relatively low success 
rate of the first LISA attempt, often inadequate technical performance quality and 
recurrent desaturations [24].

Following the increasing use of CPAP, other non-invasive ventilation methods 
have been subjected to research, mostly nasal intermittent positive pressure ventila-
tion (NiPPV) [25] and high-flow nasal cannula (HFNC). Trials have failed to show 
difference in rates of death and BPD when NiPPV was compared to CPAP [26, 27]. 
HFNC has been considered as an alternative non-invasive mode for post-extubating 
support [28]. Current mechanical ventilation (MV) tactics include shortening of 
duration of MV and the use of targeted volume ventilation (VT). VT results in 
shorter ventilation-time, fewer air-leaks and less BPD [17].

2.3 Cardiovascular problems

2.3.1 Patent ductus arteriosus

Up to 80% of ELBW infants have a clinically significant patent ductus arteriosus 
(PDA). As a consequence of the left-to-right systemic to pulmonary shunting vari-
ous symptoms may appear, most notably, systolic murmur, hypotension, bounding 
pulses, decreased urine output, pulmonary hyperemia and edema, as well as and 
reduced mesenteric and cerebral perfusion [29]. Contrary to term newborn who 
exhibit spontaneous ductus closure in 90% at 48 hours, it occurs in only 30 to 35% 
of infants with BW < 1000 grams during the neonatal period [29].

The diagnosis is set by echocardiography, also Doppler ultrasound of the cere-
bral blood vessels in search for signs of diminished perfusion. Ideal management 
of the PDA in premature infants is still a topic of debate, despite more than three 
decades of active study [29, 30]. Indomethacin was the conventional drug of choice 
for ductus closure, but concerns regarding its negative effects on cerebral, renal and 
gastrointestinal perfusion have led to investigation of other agents such as ibupro-
fen [30]. A 2020 Cochrane review concluded equal effectiveness of ibuprofen and 
indomethacin in closing a PDA. However, in the light more favorable safety profile, 
ibuprofen was highlighted the drug of choice with an equal effectiveness of oro-
gastric and intravenous administration [31]. Oral paracetamol was also supported 
by clinical studies as equally potent drug for ductus closure [32]. Surgical ligation 
should only be considered in the light of failed medicaments’ treatment [17].
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2.3.2 Variable hemodynamics

Blood pressure (BP) of preterm newborns is marked with wide range of 
observed values for every GA. It is generally accepted that lower BP values are seen 
with decreasing gestational age and birth weight. Usually, mean arterial blood 
pressure corresponds to the gestational age, but this relationship is less clear for 
the extremely premature infants [33]. The variations in BP are related to dynamic 
changes in physiology during neonatal transition and various disease processes 
in this group of patients. It has not been proven that institution of any kind of 
anti-hypotensive therapy, fluid bolus or dopamine could significantly influence 
the rise of BP 4–24 hours after birth. Therefore, it has been suggested not to rely on 
a single numerical BP cutoff value for predicting infants that could benefit from 
anti-hypotensive treatments [33].

Recent randomized controlled trial could not show differences in hemodynamic 
parameters, amplitude integrated EEG variables, clinical complications or brain 
ultrasound findings between groups of active, moderate or permissive BP treat-
ment of patients ≤29 GW [34]. The last composite guideline for management of 
neonatal respiratory distress syndrome recommends treatment of hypotension 
when evidenced by signs of poor tissue perfusion such as oliguria or poor capillary 
return, rather than treating sole numerical values [17]. Dopamine has been found 
more efficient than dobutamine for treatment of systemic hypotension in preterm 
infants, while dobutamine and epinephrine could be opted for treatment of reduced 
ventricular function [35]. Hydrocortisone is an alternative medicament for treat-
ment of hypotension in extremely preterm infants [36].

Hypovolemic shock should be managed by giving non-cross-matched 
O-Rhesus-negative blood or alternatively by administering an isotonic crystalloid 
solution; the proposed dose is 10–20 mL/kg [37]. Delayed cord clamping apart 
from expanding blood volume, was proven in clinical studies to yield multiple 
potential benefits for preterm infants such as improved neurodevelopmental out-
comes, reduced blood transfusions, possible autologous transfusion of stem cells, 
and reduced incidence of intraventricular hemorrhage [38]. However, in infants 
who need immediate resuscitative measures, it is recommended that placental 
transfusion should be discontinued [37].

2.4 Central nervous system problems

Intraventricular hemorrhage (IVH) is an extravasation of blood in the brain 
that originates from the subependymal germinal matrix and advances into the 
ventricular system, most frequently occurring in the first 3 days of life [39]. The 
classical grading system of the extent of cerebral bleeding includes 4 grades of 
hemorrhages: grade I - confined to the germinal matrix, grade II – progression to 
the lateral ventricle without ventricle dilatation, grade III – blood in the ventricle 
results in ventricular dilatation, grade IV – periventricular hemorrhagic infarction. 
Our study group reported an incidence of IVH in almost a third of the ELBW cohort 
[12]. An inverse relationship exists between the incidence and severity of IVH and 
gestational age; the lowermost gestations and weights are most heavily affected.

IVH has been recognized as one of the crucial morbidities in ELBW infants, 
with serious potential short-term sequelae in survivors such as hemorrhagic peri-
ventricular infarction, post-hemorrhagic hydrocephalus or seizures, and in the long 
term, developmental delay, cerebral palsy, deafness, and blindness. [40]. A shift to 
milder forms of neurosensory impairment has been noted reflecting better practices 
in perinatal care [41]. Generally, a straightforward correlation exists between the 
IVH grade and its prognosis. However, close neurodevelopmental follow-up is also 
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required for infants assigned to grades I and II IVH. Associations have been found 
between low-grade hemorrhages and reduced cortical volume at near term age [42]. 
Likewise, adverse neurodevelopmental outcomes for grades I and II IVH have been 
observed in follow up studies [41]. Forty four percent of ELBW children with grades 
III and IV intracranial hemorrhage present with disabling cerebral palsy (CP), and 
45–85% of children with grade IV intracranial hemorrhage have mental retardation 
and CP at school age [43].

Periventricular leukomalacia (PVL) is damage to the periventricular white 
matter developed as a result of perinatal adverse insults such as hypoxia, hypo 
or hyper-perfusion, hypocarbia and chorioamnionitis combined with the defec-
tive cerebral vascular autoregulation in preterm infants. The estimated incidence 
of PVL is 4–15% in ELBW babies. We demonstrated an incidence of 19% in our 
ELBW cohort [44]. While strong correlation has been observed between diffuse 
cystic PVL and cerebral palsy, the clinical correlates of diffuse white mater inju-
ries and localized cysts are not so clear-cut and might be related to a spectrum of 
behavioral/cognitive deficits [43].

2.5 Renal problems

Preterm infants exhibit increased sensitivity to impaired renal function. This is 
due to enhanced kidney maturation, fewer functional nephrons and higher renal 
filtration rate [45]. Acute kidney injury (AKI) in preterm infants can cause long-
lasting renal damage leading to chronic kidney disease in adulthood [46]. Extremely 
premature infants are prone to developing AKI in the first days of life. Serum 
creatinine levels reflect maternal levels immediately after birth. Serum creatinine 
then picks, reaches a plateau in the first days of life, and declines thereafter. ELBW 
infants with AKI showed reduced survival until 36 weeks of post-menstrual age 
(PMA) [45]. Fluid status monitoring is a paramount. It involves daily monitoring of 
electrolytes, body weight, diuresis, blood pressure and insensible water loss.

2.6 Electrolyte imbalance

The ELBW infant is made up of 85% to 90% water, which is predominantly 
distributed in the extracellular space. During the first few postnatal days a 
weight loss of 10–20% is observed which is attributable to diuresis and can be 
intensified by iatrogenic causes such as radiant warmers or phototherapy. These 
developments in addition to the compromised renal function constitute a setting 
for frequent electrolyte abnormalities such as hypo/hypernatremia and hyper-
kalemia [47]. Disturbances of sodium are connected to the water flow and can 
either be presented with hypernatremia if significant amount of water is lost due 
to heating and phototherapy or with dilutional hyponatremia. Hyperkalemia, on 
the other hand, is a result of shifting from the intracellular to the extracellular 
compartment [47].

2.7 Impaired glucose homeostasis

Early hypoglycemia is a frequent occurrence in ELBW infants because of 
limited liver glycogen stores and immature endocrine mechanisms of blood 
glucose’s control. In particular, ketogenesis and lipogenesis which lead to the 
production of alternative energy fuels, are limited for this group of patients, 
making them more dependent on glucose. Clinical conditions that are associated 
with hypoglycemia such as perinatal asphyxia, acidosis, sepsis and hypothermia 
are common [48]. Moreover, hypoglycemia in extremely preterm infants is rarely 
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accompanied by symptoms typical for term counterparts such as jitteriness, 
lethargy, apnea or poor feeding.

Hyperglycemia is also observed in extremely premature infants and in those 
with intrauterine growth retardation (IUGR). This condition is usually the result of 
excessive glucose infusion rates, drug treatment by steroids or methylxanthines, or 
may reflect the immaturity of the regulatory mechanisms [48].

2.8 Infection

Early-onset neonatal infection (EOI), defined as one typically occurring in the 
first 72 hours of life, significantly contributes to the morbidity and mortality of 
ELBW infants with an estimated incidence of 26 per 1000 live ELBW births in US 
[49]. High index of suspicion of a possible intrauterine infection should be main-
tained in the presence of a premature birth. Current efforts are directed toward 
intrapartum antimicrobial prophylaxis and early neonatal infectious screening. 
Early-onset infection initiates with newborn’s colonization with bacteria from the 
maternal genital tract, most commonly group B streptococcus, E. coli and Listeria 
[49]. Also, other Gram-positive or Gram-negative bacteria, as well as fungi and 
viruses can contribute to the microbial spectrum of EOI.

Late-onset sepsis (LOS) results from horizontal transmission of endogenous 
hospital flora and typically occurs after the first week of life. Frequent nosocomial 
pathogens are coagulase-negative staphylococci, Klebsiella and Pseudomonas spe-
cies as well as methicillin-resistant Staphylococcus aureus (MRSA) and fungi [50, 51]. 
Many institutions, including ours follow a fluconazole prophylaxis protocol for the 
duration of the central catheters in order to reduce catheter-associated fungaemia 
[51]. Our institutions’ low incidence of detection of fungal sepsis (3%) among 
LOS is attributable to strict adherence to this Candida-prophylaxis policy [44]. 
Predisposing factors for late-onset infections include: immaturity of the immune 
system, thin permeable skin and mucous membranes, ventilator care, parenteral 
nutrition, central venous catheters and tubes, overcrowded nursery, inadequate 
hand washing routine as well as exposure to extensive handling.

Neonatal infection in ELBW infants has been associated with poor neurodevel-
opmental and growth outcomes in early childhood according to results of a large-
cohort follow-up study [14]. Symptoms of infection in preterm newborns often 
include: apnea, bradycardia and cyanosis, also lethargy and increased respiratory 
effort, symptoms being more pronounced with Gram-negative and fungal infec-
tions than with Gram-positive ones [49]. Treatment consists of first line therapy 
with ampicillin and gentamycin for EOI. If the mother’s vaginal swab was positive 
for a Gram-negative bacterium such as E. coli, the protocol can be revised to cefo-
taxime and gentamycin. Vancomycin and gentamicin are used for treating LOS and 
may be adjusted according to microbial sensitivity of the hemoculture. When resis-
tant septic shock is observed ceftazidime or imipenem should be urgently added. 
Fluconazole or amphotericin B are given for suspected or proven fungal infections.

2.9 Bronchopulmonary dysplasia

Bronchopulmonary dysplasia (BPD) was traditionally considered as oxygen 
and respirator-mediated injury related to prematurity. However, gentler ventilator 
techniques, prenatal corticosteroid therapy and treatment with surfactants have 
limited more severe lung injuries to infants of <1200 g BW and < 30 week’ gestation 
[52]. BPD traditionally defined as a need for supplemental oxygen or ventilator 
support at 36 weeks’ post menstrual age (PMA) occurs with an incidence of around 
30% in ELBW infants [53].
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In 2001, a new revised definition of BPD was devised by the National Institute of 
Child Health and Human Development (NICHD) categorizing the disease severity 
as mild, moderate, or severe based solely on oxygen dependency level at <32 GW. 
Mild BPD was defined by breathing room air at 36 weeks post menstrual age or dis-
charge, moderate BPD equaled breathing <30% oxygen, and severe corresponded 
to breathing >30% oxygen or receiving positive pressure ventilation at PMA of 
36 weeks. Radiographic findings were not included in the new definitions due to 
inconsistent interpretations and deficient availability at certain ages [52].

Infants with BPD were found to have higher rates of adverse neurodevelop-
mental outcomes and cognitive impairment in early childhood compared to those 
without BPD [53, 54]. At school age, children with BPD were recognized with 
growth impairment and academic difficulties [55]. Common rehospitalizations have 
been observed during the first 2 years of life, mostly as a consequence of respiratory 
illnesses including lower respiratory tract infections and RSV bronchiolitis [56]. 
RSV prophylaxis with palivizumab is included as standard care for BPD children in 
the first year of life.

2.10 Retinopathy of prematurity

Retinopathy of prematurity (ROP) represents interruption of the natural course 
of vascularization of the premature retina caused by oxygen exposure with conse-
quent pathological compensation that results in abnormal neo-vascularization of 
the retina. Hence, prematurity and treatment with oxygen are the two main recog-
nized risk factors for ROP.

Hyperoxia has been an enormous concern in the neonatal intensive care units, 
and the optimal oxygen saturation target ranges have been debated and explored in 
studies [57]. Results from several studies suggested possible harmful effect of oxy-
gen saturation targets of 91–95%, on the contrary, lower target ranges of 85–89% 
resulted in increased mortality [57, 58]. Therefore, it has been recommended target-
ing saturations between 90 and 94% by setting alarm limits between 89 and 95%, 
though recognizing that ideal oxygen saturation targets are still unknown [17].

Variable incidence of retinopathy of prematurity has been reported in popu-
lation-based studies due to variability in study designs and gestational ages of the 
included infants; reported incidences vary from 10–75% in different studies [59]. 
An incidence of 17.1% of severe ROP in the survivor’s subcategory was reported by 
our group. The average number of blood transfusions for this group was 7 [44].

Severe ROP is defined by a unilateral or bilateral stage 4 or 5 disease or disease 
requiring laser/anti-vascular endothelial growth factor (anti-VEGF) monoclonal 
antibody treatment, at least unilaterally. The timing of onset of ROP depends on 
both the gestational and the chronological age, whereas the diseases’ incidence and 
severity are inversely proportional to both birth weight and gestational age [59]. 
Apart from oxygen, suggested adverse impacts that might predispose to retinopathy 
of prematurity are intrauterine infection, hyperglycemia, neonatal infection, prob-
ably due to systemic inflammation, being born small for gestational age, and also 
repeated blood transfusions [59, 60].

Current joint recommendation of the relevant American expert societies 
outlines that indirect ophthalmoscopy screening for ROP should be commenced by 
31 weeks PMA for infants born at 22–27 weeks and repeated in scheduled intervals 
thereafter. Also, all infants of <1500 g and < 30 weeks’ gestation, and at-risk infants 
>30 weeks’ gestation ought to be included in the ROP screening process [61].

Current treatment options include laser photocoagulation, intraocular injec-
tion of anti-VEGF treatment and vitrectomy. Parallel to the increased survival 
of the most immature infants, the number of survivors with severe ROP has also 
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increased. However, blindness has become a rare consequence of the most severe 
disease cases. Infants with ROP exhibit other ophthalmological problems such as 
myopia, strabismus and astigmatism [59]. Apart from visual disturbances, ROP 
alone or in association with other problems of the premature infants can lead to 
neurodevelopmental difficulties and lower academic performances [54, 55].

2.11 Anemia of prematurity

Anemia of prematurity (AOP) is a condition specific to premature infants 
caused by a combination of physiologic reasons such as depleted iron stores, shorter 
life span of erythrocytes, immature erythropoietic response, vitamin B12 and folate 
deficiencies as well as rapid postnatal growth, combined with iatrogenic causes 
observed in frequent phlebotomies for laboratory studies. Treatment of anemia 
consists of transfusions with erythrocyte concentrates.

Early administration of erythropoietin in the first week of life has not proven to 
significantly reduce the need for blood transfusions, but instead increases the risk 
of severe ROP [62]. Positive association has been found between anemia in the first 
week of life and the number of required blood transfusions with ROP development 
[60]. The proposed mechanism of progressing ROP is the replacement of hemoglo-
bin F with hemoglobin A during blood transfusion which sharply increases oxygen 
availability to the retina [63].

Recommended transfusion thresholds are the following: hemoglobin (Hb) 12 g/
dL /hematocrit (HTC) 36% for severe cardiopulmonary disease, Hb 11 g/dL /HCT 
30% when dependent on oxygen and Hb 7 g/dL/HCT 25% when clinically stable 
beyond 2 weeks of age [17]. To decrease the risk of transfusion-related infection, 
a single donors’ unit of packed red blood cells should be used, divided into several 
satellite bags to be used for the same patient for several weeks [64].

Other problems of the ELBW spectrum include: apnea of prematurity, gastroin-
testinal problems, feeding intolerance, hyperbilirubinemia, necrotizing enteroco-
litis, inguinal hernias, total parenteral nutrition-associated cholestatic jaundice as 
well as postnatal growth restriction [65].

3. Conclusion

The mortality rate of ELBW infants significantly diminished with improved 
technology and improved neonatal practices, however there are still many issues 
to be covered for optimal complete approach to these patients that would reduce 
not just the immediate, but also the long-term consequences. A multidisciplinary 
approach to treatment and follow up of these children is necessary, with special 
focus of the most sensitive areas of care such as neurodevelopmental, cognitive, 
auditory, visual, respiratory, speech and language, behavioral and emotional. 
Providing a family-centered care and structuring of appropriate data basis is 
necessary.
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Haemodynamic Changes during 
Preterm Birth Treatment
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Abstract

The well-being of the fetus depends on the efficiency of its circulatory system 
and the proper maternal-fetal exchange. Hemodynamic changes can occur due to 
disturbance of fetal and maternal homeostasis, malformations, pregnancy pathol-
ogy, and medications. Preterm labor directly affects maternal-fetal haemodynam-
ics, both due to uterine contractions and medications used to inhibit it. Research 
on maternal-fetal haemodynamics in preterm labor is currently focused mainly 
on the safety of the used tocolytics. In this chapter, we will discuss the basic prin-
ciples of fetal haemodynamics, ultrasound methods of maternal-fetal circulation 
assessment, and the influence of preterm labor on maternal-fetal haemodynam-
ics, with particular emphasis on medications used in threatening and progressive 
preterm labor.

Keywords: preterm labor, maternal-fetal haemodynamics, doppler

1. Introduction

During pregnancy, the maternal body undergoes significant hemodynamic 
changes to ensure normal fetal growth. On average, maternal cardiac output 
can increase up to 30%–45%, resulting mostly from the intensified metabolism, 
increased circulating blood mass, the appearance of an accessory placental circu-
latory system, and finally, a gradual increase in body weight during pregnancy. 
Although blood volume increases, the systemic blood pressure in a healthy mother 
undergoes no significant changes. This is mainly due to a decrease in total peripheral 
vascular resistance, primarily at the arteriolar level. The mammalian placenta is also 
important for the regulation of both the maternal and fetal circulations. Adequate 
uterine blood flow is critical to fetal growth and development [1]. Fetal heart under-
goes functional changes: throughout gestation, the fetal myocardium becomes more 
compliant and making ventricular filling less dependent on atrial contraction. Both 
the increase in size and the maturational changes lead to a tremendous increase in 
cardiac output [2].
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2. Maternal-fetal circulation

The primary heart and vascular system appear in the middle of the third week of 
development. On about 22nd-23rd day, the heart begins its systolic action.

Oxygenated blood, rich in nutrients, flows through the umbilical vein from 
the placenta to the portal sinus. The portal sinus is a wide L-shaped vessel at the 
terminal end of the umbilical vein, connecting two main vessels termed the right 
and left intrahepatic portal veins perfusing the right and left hepatic lobes. It then 
goes into the ductus venosus. The ductus venosus originated from the portal sinus 
as the latter turned at an almost right angle into the right lobe of the liver. The 
ductus venosus is a branchless, hourglass-shaped vessel that ascends steeply in 
the direction of the diaphragm. The blood flow in the ductus venosus is regulated 
by the sphincter mechanism. The blood then flows in the inferior vena cava and 
enters the right atrium of the heart. Most of the blood from the inferior vena cava 
is directed to the secondary septum through the oval foramen to the left atrium. 
There it mixes with a relatively small amount of poorly oxygenated blood return-
ing through the pulmonary veins from the lungs. The blood from the left atrium 
flows into the left ventricle and leaves it through the ascending aorta. The arteries 
that supply the heart, head, neck and upper limbs receive well-oxygenated blood. 
The small amount of well-oxygenated blood from the inferior vena cava that 
remains in the right atrium of the heart mixes with the poorly oxygenated blood 
from the superior vena cava and coronary sinus and flows into the right ventricle. 
This blood leaves the right heart through the pulmonary trunk. Due to the high 
pulmonary vascular resistance during fetal life, blood flow through the lungs 
is low. About 10% of the blood flows to the lungs and most of it flows through 
the arterial duct to the fetal aorta. The blood returns to the placenta through the 
umbilical arteries [3, 4].

3. Vascular flow testing using Doppler ultrasonography

Doppler examination assessing the vascular flow of the maternal-fetal circulation 
is an important diagnostic tool in the assessment of the well-being of the fetus. The 
analysis of vascular flows is also used to make decisions about the further duration 
of pregnancy. It is often a pregnancy complicated by diseases that threaten the life of 
the mother and the fetus. Due to the high risk of iatrogenic prematurity, the experi-
ence of the person performing the ultrasound examination is extremely important, 
taking into account the factors that may affect the parameters of the vascular flow 
wave. Overinterpretation of the Doppler results may expose both parents and the 
perinatological team to unnecessary stress, medical activities and costs [5, 6].

The safety of ultrasound examinations is based on the degree of fetal expo-
sure, which depends on the amount and duration of ultrasound examinations 
and the energy used for the examination. It takes into account the control of 
the thermal and mechanical index and the superior principle of using the low-
est dose of energy that allows correct imaging - ALARA (as low as reasonably 
achievable). The term thermal index describes the quotient of the power lost to 
the reference power that increases the tissue temperature by 1 °C. The mechani-
cal index describes the amplitude of the ultrasound wave. Ensuring the safety of 
ultrasound examination is only possible through excellent knowledge of anatomy 
and embryology, as well as regular index control when changing the settings of 
the ultrasound machine.

The table contains the most frequently assessed vascular flows along with their 
correct imaging.
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The special structure of the fetal uteroplacental, umbilical and cerebral circula-
tion ensures a constant vascular flow in the fetus, independent of the mother’s heart 
cycle. This system gradually develops in the utero-fetal circulation. The significant 
effect of this phenomenon consists not only in the gradual increase in the end-dia-
stolic velocity of the flow wave, but also in the accompanying decrease in pulsation, 
which is the difference between the components of the maximum systolic and 
end-diastolic velocity.

The correct shape of the flow wave of both the fetal middle cerebral artery and 
the umbilical cord artery is not characterized by the disappearance of the flow wave 
or its inversion. It is one of the disparities in the fetal circulatory system that does 
not give a compensatory break in the heart’s work. If it occurs, it is called absent 
flow or reverse flow. Both of these phenomena are among the alarm signals of poor 
fetal condition [7].

3.1 Mistakes in Doppler examination

Due to incomplete bone calcification, the head of a premature fetus is suscep-
tible to pressure. Excessive pressure with the transducer may indicate the disappear-
ance of the end-diastolic wave in the assessed fetal middle cerebral artery [7, 8].

The assessment of the vascular flow spectrum should cover several fetal heart-
beat cycles. One of the reasons for doing this are the breathing movements of the 
fetus, which can disrupt the normal flow spectrum. Similar phenomena can be 
observed when a pregnant woman breathes too deeply. In order to verify the cor-
rectness of the vascular flow, a patient should be asked to shorten her breath or even 
temporarily stop breathing.

Incorrect parameters of the ultrasound device settings may falsify the Doppler 
measurements.

Corticosteroids administered to the mother to stimulate the maturation of the 
fetal lungs in the event of impending preterm labor may temporarily “improve” the 

Vessel Visualization Doppler 
sample 
volume 
(mm)

Insonation 
angle

Flow velocity/
waveforms

Umbilical 
artery

Free loop of the umbilical 
cord, without fetal breathing 

movements

2–3 <30o 4–6 waveforms

Middle 
cerebral 
artery

Cross-section of the 
brain, visualization of the 
Willis circle, mapping on 
the proximal side of the 

transducer, Doppler gate in 
the 1/3 proximal course of 
the vessel, as little pressure 

as possible on the fetal 
head - high risk of change 

of intracranial pressure and 
flow velocity

2–3 <30o 3–10 waveforms

Ductus 
venosus

Sagittal or transverse section 
of the fetus

0,5–1 <30o 3–6, velocity > 30 cm/s

Uterine 
arteries

Measurement on the right 
and left side of the patient, 

after visualizing the junction 
with the iliac vessels, 

cephalic direction

2 <30o 3–6, velocity > 50 cm/s
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flow waves. In that case, it is reasonable to repeat the Doppler examination approxi-
mately 48 hours after administering the medications [7, 9].

4. Medications used in the preterm labor

The use of medications should take place primarily in compliance with the 
principles of patient safety and the minimum risk of side effects. The problem of 
therapy in pregnancy is related to the limited possibility of testing the effects of the 
medication on the pregnant woman and the fetus, and often the lack of consent to 
perform such tests. Therefore, medications used in pregnancy often have limited 
indications and are administered taking into account the individual risks and ben-
efits of therapy. The pharmacological action of the medication in the fetus must take 
into account the kinetics of its transformations in the mother’s organism as well as in 
the placenta. The distribution of the medication and its metabolism in the mother’s 
body determine its availability to the fetus. Since pregnancy involves profound 
physiological and biochemical changes, the metabolism of many medications is also 
significantly altered. Data from animal studies suggest that the rate of metabolism 
of medications in the liver decreases during pregnancy and their availability to 
the fetus may be greater than expected. The transfer of the medication from the 
mother’s body to the fetus takes place from arterial blood through the intervillous 
spaces to the fetal capillaries in the villi and further through the umbilical vein.

Despite the fact that the placenta is treated as a specific protective barrier for the 
fetus, it has little ability to metabolize medications. Many medications can reach 
the fetus in the form of metabolites, often more toxic [10]. The safety of the use of 
tocolytics is still a significant perinatological problem. The duration of tocolysis 
should be short enough to allow the full effect of steroid therapy on the fetus, with 
the least negative impact on the health of the mother and child [11].

The most commonly used medications that inhibit uterine contractions are 
discussed below, with particular emphasis on their effects on the circulatory system 
of the mother and the fetus.

4.1 Calcium channel blockers – nifedipine

Nifedipine contains the formula of a short- and long-acting 1,4-dihydropyridine 
calcium channel blocker. It prevents contraction of calcium-dependent myocytes 
and their vessels by blocking the influx of calcium into smooth muscle cells. The 
second possible vasodilatory mechanism is the inhibition of pH-dependent calcium 
influx by inhibiting smooth muscle carbonic anhydrase. Nifedipine is used to treat 
high blood pressure and chronic stable angina. At therapeutic sub-toxic concentra-
tions, it has little effect on myocardium and conducting cells. Inhibition of calcium 
influx lowers smooth muscle contraction, which causes dilation of the coronary 
and systemic arteries, increased oxygen delivery to the muscle tissue, reduced total 
peripheral resistance, blood pressure and afterload.

The most common side effect of nifedipine reported by mothers is headache 
associated with a transient reduction in blood pressure after initiating therapy. The 
second common effect is tachycardia. In addition, dizziness, drowsiness, nausea, a 
sharp drop in blood pressure, slurred speech and weakness may occur. One in ten 
patients may experience palpitations and hot flushes. Severe side effects, such as 
myocardial infarction, maternal dyspnea, patient hypoxia, severe maternal hypo-
tension with intrauterine fetal death, atrial fibrillation were also observed during 
nifedipine therapy. Pulmonary edema has been reported in a group of pregnant 
patients after taking nifedipine.
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It is not recommended for use in patients with twin pregnancies due to the 
more frequent occurrence of dyspnea. It is absolutely contraindicated in the group 
of patients with heart disease, maternal hypertension and intrauterine infection. 
Dyspnea occurring in twin pregnancy is explained by a reduced blood flow and 
the degree of lung ventilation due to the higher elevated diaphragm dome [11–15]. 
Nifedipine has no effect on motor activity, heart rate and blood flow in the fetus. 
The occurrence of side effects is not related to the level of this medication in the 
patient’s blood serum, so there is no need to adjust its dose based on body weight, 
body mass index (BMI) or gestational age [14].

In a study carried out on laboratory animals, the effect of nifedipine on the 
normal development of pregnancy was assessed. After administration of three and 
thirty times higher doses of nifedipine than recommended for humans, dilatation of 
blood vessels, increased vascularization of the uterus and placenta, and trophoblast 
hyperplasia were observed in both groups. Higher placental weights were seen in 
the higher dose group, but this had no effect on fetal survival or an increased risk 
of birth defects. Fetal weight did not differ from the control group at the lower 
dose, but statistically significantly lower weight was reported for the group with the 
higher dose of the drug. As expected, there were changes in the uterine muscle and 
collagen structure of the cervix during tocolysis. The authors concluded that the use 
of nifedipine in pregnancy in acceptable doses should not have a negative impact 
on the condition of fetuses and newborns, and that this therapy often improves the 
prognosis [16].

The optimal dose of nifedipine is still being determined. The starting dose in 
most studies was 10 mg either orally or sublingually. If uterine contractions were 
maintained, the dose was repeated every 15–20 minutes, until a dose of 40 mg was 
obtained in the first hour. Then, maintenance therapy is 20 mg every 6–8 hours for 
two to three days [14].

In a comparative study of nifedipine and another tocolytic combined with 
steriodotherapy, no significant risk to the fetuses was observed [17].

4.2 Beta-adrenergic receptor agonists

Ritodrine stimulates the beta-2-adrenergic receptor, increasing the level of 
cAMP and decreasing the concentration of intracellular calcium, which in turn 
leads to the relaxation of uterine smooth muscles and a reduction in the frequency 
of uterine contractions.

Terbutaline is a relatively selective bronchodilator with little or no effect on 
alpha-adrenergic receptors. It appears to have a greater effect on stimulating the 
beta receptors of the bronchi, vessels and smooth muscle, including the uterus 
(beta-2 receptors), than at the heart receptors (beta-1). This drug relaxes smooth 
muscles and inhibits uterine contractions, but it can also have a stimulating effect 
on the heart and central nervous system.

The mechanism of action is based on the stimulation of beta-adrenergic recep-
tors in intracellular adenylate cyclase, the enzyme that catalyses the conversion of 
adenosine triphosphate (ATP) to cyclic adenosine 3 ‘, 5’-monophosphate (c-AMP). 
Elevated levels of c-AMP are associated with relaxation of bronchial smooth 
muscles and inhibition of the release of immune system mediators, especially from 
mast cells.

Fenoterol stimulates beta-2 receptors in the lungs and causes bronchial smooth 
muscle relaxation, bronchodilation and increased air flow. Symptoms of overdose 
are chest pain, dizziness, dry mouth, fatigue, flu-like symptoms, headaches, heart 
abnormalities, high or low blood pressure, high blood glycemia, insomnia, muscle 
spasms, nausea, nervousness, rapid heartbeat, seizures and tremors.
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4.3 Prostaglandin synthesis inhibitors – indomethacin

As an analgesic and antipyretic drug, indomethacin inhibits the secretion of 
prostaglandins involved in the pain reaction, fever and inflammation. Symptoms 
of overdose: nausea, vomiting, severe headache, dizziness, confusion or lethargy. 
There have been reports of paraesthesia, numbness and convulsions.

4.4 Magnesium sulfate

Magnesium sulfate reduces striated muscle contraction and blocks neuromus-
cular transmission, reducing the release of acetylcholine. In addition, magnesium 
inhibits the inflow of calcium, enhancing the relaxing effect of vascular smooth 
muscles [12]. It is currently treated as a mild tocolytic. Used in fetal neuroprotection 
in preterm labor below 32 weeks of pregnancy.

4.5 Oxytocin receptor antagonist – atosiban

It is a competitive antagonist of human oxytocin at the receptor level. In 
rats and guinea pigs, atosiban has been observed to bind to oxytocin receptors, 
reducing the frequency of contractions and the tension of the uterine muscles, 
thereby reducing uterine contractions. Atosiban has also been observed to bind 
to vasopressin receptors, reducing its effect. In animals, atosiban had no effect 
on the cardiovascular system. In women at risk of preterm labor, atosiban, at the 
recommended doses, prevents uterine contractions and induces a resting state 
of the uterus. Uterine relaxation following atosiban administration is rapid, 
uterine contractions are significantly reduced within ten minutes, and uterine 
quiescence of less than four contractions per hour is achieved and stable for 
twelve hours.

In women at risk of preterm labor receiving atosiban by intravenous infusion 
(300 micrograms per minute for six to twelve hours), steady-state plasma concen-
trations were reached within one hour of starting the infusion.

The use of atosiban below 24 and above 33 weeks of pregnancy is contra-
indicated. There was no evidence of fetal toxicity. Small amounts of the drug 
are excreted into breast milk, no effect of the drug on breastfeeding has been 
acknowledged.

The most common side effects of treatment with this preparation include 
nausea, headache and dizziness, hot flushes and an increase in heart rate [18].

4.6 Medications that relax the uterine muscles

Scopolamine (hyoscine) is an alkaloid. Along with its derivatives, it resembles 
atropine and has a similar effect, but with a greater influence on the nervous 
system. Hyoscine belongs to a group of medications called parasympatholytics. The 
action of cholinolytic medications is to block the stimulation of cholinergic recep-
tors (activated by acetylcholine). Hyoscine acts on muscarinic receptors and relaxes 
smooth muscles of the gastrointestinal, biliary and urogenital tract.

Side effects may include dry mouth, atonic constipation, increased urination 
disorders, urinary retention, decreased sweat secretion, increased heart rate (tachy-
cardia), hypotension, and visual disturbances [12, 18].

Drotaverine inhibits the activity of the phosphodiesterase IV enzyme, which 
leads to an increase in the concentration of cAMP and a further cascade of intra-
cellular reactions that result in the relaxation of the muscle cell. It may also have 
calcium channel blocking abilities.
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The relaxant effect affects the smooth muscles of the gastrointestinal tract, 
urogenital system, cardiovascular system and bile ducts and is stronger than that of 
papaverine. It is used in the case of contraction of smooth muscles of both nervous 
and muscular origin. Side effects are rare and similar to scopolamine [12, 18].

5.  Effect of preterm labor and its treatment on maternal-fetal 
hemodynamics

5.1 Patient’s body position

Khatib et al. analyzed changes in vascular flow in the fetal circulation when 
changing the left lateral to supine position in pregnant women in the third trimes-
ter. Test time was approximately fifteen minutes. The authors noted a statistically 
significant decrease in the value of the pulsation index in the middle cerebral and 
umbilical artery, as well as a decrease in the maximum systolic velocity of the 
middle cerebral artery and the systolic-diastolic index of the umbilical artery [19]. 
It is most likely related to the symptom of brain sparring of the fetal circulation. As 
can be seen from the above studies, the mechanisms of circulatory centralization 
are not only activated by the pathological condition, but also by a stressful situa-
tion for the fetus, such as changing the position from a comfortable left-lateral or 
vertical position to a supine position, limiting the correct placental-fetal flow. The 
mechanism of fetal circulation centralization protects the fetus in a situation of per-
sistent limited blood flow. Vascular resistance in the cerebral circulation is reduced, 
which allows blood flow to the brain to be increased.

Katwijk and Wladimiroff analyzed changes in the value of flows in the umbilical 
artery when the body position changes. When changing the patient’s body position 
from vertical to lying, they noted an increase in the umbilical artery pulsation and 
resistance index, regardless of the gestational age, and this is explained by the flow 
mechanism of a lock [20].

Kinsella et al. in the group of twenty pregnant women in the third trimester did 
not observe any changes in the flow in the fetal umbilical artery when the patient’s 
body position was changed [21].

Similarly, Armstrong et al. in the group of twenty-five full-term pregnant 
women qualified for elective cesarean section did not observe changes in vascular 
flow depending on the different positions of the patient’s body. The authors assume 
that the degree of compression of the inferior vena cava and aorta in different 
body positions is not significant enough to disturb the vascular flow in the umbili-
cal artery, or that these changes are so subtle that Doppler devices are unable to 
capture them [22].

Marx et al. monitored the vascular flow in the umbilical cord in various body 
positions in the early stage of labor. The systolic-diastolic index of the umbilical 
artery was significantly higher in the supine position compared to the left-lateral 
position of the patient, which in turn led to an increase in vascular resistance in the 
umbilical artery [23].

Inferior vena cava syndrome most often occurs in the third trimester of preg-
nancy, when a large weight of the pregnant uterus presses on the inferior vena cava, 
especially in the supine position, which disturbs the maternal-fetal flow and may 
lead to fainting, and consequently the fetus to hypoxia. Ryo et al. undertook studies 
to determine the risk of inferior vena cava syndrome in the second trimester of 
pregnancy and its consequences for the fetus. In a group of ninety Japanese preg-
nant women between the twenty-fourth and twenty-seventh weeks of pregnancy, 
they assessed umbilical artery flow and its relationship with uteroplacental flow. 
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There were no changes in the umbilical artery resistance index during the five-
minute supine position of the patient [24].

In a study by Qu et al. on a group of fifty pregnant women between the twenty-
seventh and forty weeks of gestation, no changes in the umbilical artery flow values   
were found when the patient’s body position was changed [25], similarly to Backe et 
al. [26], while Sorensen et al. did not report changes in the systolic-diastolic index 
in patients with normal blood pressure [27].

Kinsella et al. and Witter and Besinger did not find statistically significant 
changes in uterine artery flows depending on the patient’s body position and the 
duration of the study [21, 28].

In the group between thirty-seven and forty weeks of pregnancy, Qu et al. 
observed a statistically significant increase in the resistance index in the uterine 
arteries after changing the position of the pregnant woman [25].

Sohn et al. proved that uterine flow clearly decreases in the sitting and standing 
position of the pregnant woman, which is associated with an increase in vascular 
resistance. In the conclusions, the authors emphasize that apart from uterine 
contractions, there are also other factors influencing uterine flow, which may be 
important in the monitoring of fetuses with limited growth rate [29]. In another 
work, the author presents the concept of selecting a safe position of the patient’s 
body based on the results of measurements of vascular flows in the maternal-
placental circulation [30]. Similar conclusions were presented by Easterling et al. in 
each trimester of pregnancy [31], as well as by Ryo et al. [24].

5.2 The influence of tocolytics on vascular flows

In the study by Bednarek et al. on the safety of tocolytic medications in preterm 
labor, mean values   of vascular flow measurements before the initiation of therapy 
that inhibits premature uterine contraction and at least one day after their initia-
tion, subjected to statistical analysis, did not show significant changes in most of 
the parameters studied. The changes mainly concerned the systolic-diastolic index 
in the umbilical artery, where its decrease was noted, the peak systolic velocity 
in the middle cerebral artery increased, and the pulsation index decreased. The 
patients’ therapy mainly included nifedipine. The lack of statistically significant 
changes in the value of vascular flows may indirectly confirm the safety of this 
medication and the lack of negative impact on the well-being of the mother and the 
fetus. No patients experienced life-threatening or health-threatening symptoms, 
and the reported side effects were mainly periodic headache during the first day of 
therapy and transient reddening of the skin. There was no significant decrease in 
blood pressure in patients undergoing treatment. This significantly increases the 
benefits associated with the use of this therapy, especially in relation to therapy 
with beta-mimetics, especially fenoterol.

Cornette et al. analyzed the effect of nifedipine on the values   of vascular flow in 
the cerebral and placental-fetal circulation. They found no statistically significant 
changes in the vascular flow of the fetal middle cerebral artery, umbilical cord, 
uterine arteries and ductus venous. The study was conducted in pregnant women 
between the thirty-fifth and thirty-seventh week of gestation in a group of fifteen 
healthy pregnant women, after administering 20 milligrams of nifedipine orally 
and assessing vascular flow one hour after dosing. The authors emphasize the 
mechanisms counteracting the disturbance of the uterine circulation despite the 
significant reduction of maternal afterload under the influence of nifedipine, which 
means that in healthy pregnant women with normal arterial pressure, trophoblast 
invasion lowers uterine vascular resistance to such an extent that administration of 
nifedipine, which has the ability to lower peripheral vascular resistance, is no longer 
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able to lower uterine resistance. Adverse effects of nifedipine have been reported in 
the situation of significantly lowered blood pressure in pregnant women, therefore 
it is important that the use of this medication as an inhibitor of uterine contractions 
ought to be considered only in pregnant women with normal blood pressure [32].

The study by Lima et al. was based on the administration of nifedipine in a dose 
of 20 milligrams sublingually every twenty minutes to a pregnant woman with uter-
ine contraction, until the activity subsided. Thereafter, 20 milligrams of nifedipine 
was orally administered every six hours, until a total dose of 120 milligrams per day. 
Vascular flow in the fetal and maternal circulation was assessed before the initiation 
of nifedipine, five and twenty-four hours after the initiation of the therapy. Five 
and twenty-four hours after the initiation of the therapy, there was no change in the 
resistance index from pre-treatment measurements, while a decrease in the resis-
tance index in the fetal central artery was observed between five and twenty-four 
hours after the initiation of the therapy.

The value of the peak systolic velocity of the middle cerebral artery was also 
analyzed. In the Lima study, there was a decrease after five hours, while comparing 
the measurements before and 24 hours after starting the treatment, no statistically 
significant changes were noted [33]. In the study by Bednarek et al., the peak sys-
tolic velocity of the middle cerebral artery increased statistically significantly after 
the initiation of the therapy. It is noteworthy, however, that the measurements were 
made at least twelve hours after the initiation of the therapy. Similarly, Grzesiak et 
al. reported a decrease in the peak systolic velocity in the middle cerebral artery, 
with no changes in the remaining parameters during the day after the initiation of 
oral nifedipine therapy [34].

The special structure of the fetal uteroplacental, umbilical and cerebral 
circulation ensures constant vascular flow independent of the heart cycle. This 
system gradually develops in the utero-fetal circulation. A significant effect of this 
phenomenon consists not only in the gradual increase in the velocity of the end-
diastolic flow wave, but also in the accompanying decrease in the pulsation index, 
which is the difference between the components of the maximum systolic velocity 
and the end-diastolic velocity [33].

Similarly, Guglu et al. observed a decrease in the pulse index of the central 
cerebral artery one day after the initiation of nifedipine therapy. The authors 
note that nifedipine reduces blood pressure while keeping the maternal heart rate 
unchanged. Moreover, they acknowledged a decrease in resistance in the uterine 
circulation. The mechanism of increased resistance in the umbilical artery with an 
accompanying decrease in the pulse index in the central artery of the brain prevents 
diastolic changes in the fetal heart [35, 36]. It is noteworthy that the maternal-fetal 
circulation has mechanisms that protect the fetus against changes in flow that may 
be a real threat to its well-being.

Beta-memetic therapy is now used much less frequently in suppressing preterm 
labor. Despite the lack of obvious adverse effects on vascular flow in the fetal cir-
culation, side effects in the mother are significant enough to minimize this method 
of treatment [37–39]. In a study with ritodrine, an increase in the pulse index in 
the middle artery of the fetal brain was noted, with a decrease in the pulse index 
in the umbilical artery [40]. Friedman et al. claim that therapy with ritodrine does 
not increase the resistance to placental circulation, does not lead to fetal hypoxia, 
changes in the fetal heart rate or preload on the fetal heart, but shortens the systolic 
fraction of the heart, which may lead to an increase in vascular resistance in the 
fetal circulation or reduce contractility of the heart muscle [41, 42]. Similarly, 
terbutaline increases vascular flow through the fetal heart, thus increasing its load 
[43]. Beta-agonist therapy should be limited as much as possible due to the side 
effects of these medications on both the mother and the fetus.
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Oxytocin receptor blockers are a new class of tocolytic drugs. The oxytocin 
antagonist atosiban has less side effects than beta-agonists [44]. Atosiban crosses 
the placenta. Drug concentrations in the fetal circulation do not increase with longer 
infusion rates, suggesting that the drug does not accumulate in the fetus. Atosiban has 
the best maternal and fetal safety profile; however, its costs are considerable. Maternal 
heart rate and blood flow in (R-UtA/L-UtA) were not altered significantly during 
atosiban administration. No significant changes in FHR as well as Doppler parameters 
(resistance index, pulsality index, peak systolic velocity) in umbilical artery and 
middle cerebral artery were recorded after 24/48 hours of tocolytic treatment. The 
mean values of cerebroplacental ratio (CPR) remained unaltered during treatment. 
Detailed evaluation of fetal cardiac function parameters (E/A, SF, MPI) calculated 
independently for both ventricles, revealed no significant changes over the time [45].

Tocolytic treatment with atosiban is associated with elevation of oxidative stress 
markers after a 48 hours administration. This effect of atosiban may reduce its potency 
as a tocolytic agent and therefore should be considered with respect to its clinical use, 
especially because of its connection with the occurrence of premature birth [46].

Indomethacin used as a substance inhibiting premature uterine contractile 
activity does not negatively affect the cerebral flow in the fetus, however, it should 
be remembered that long-term therapy with non-steroidal anti-inflammatory 
medications may lead to blood flow disorders in the arterial duct [47, 48].

Intravenous magnesium sulfate is also allowed in the treatment of preterm labor. 
Keeley et al. analyzed the effect of this medication on vascular flow and found a 
decrease in the flow velocity in the fetal middle cerebral artery and an increase in 
flow velocity in the uterine arteries. There were no disturbances in the flow in the 
umbilical artery. During the study, the blood circulation was normalized, which the 
authors associate with the beneficial effects of magnesium sulphate also on the fetus 
and the tocolytic effect [49]. This is also confirmed by the studies of Pezzati et al., 
who assessed the fetal and neonatal circulation in the first hours of life of children 
in the therapy of magnesium sulphate and ritodrine [50].

When analyzing the safety of tocolytic medications, it should be remembered 
that in most patients, steroid therapy is started parallel to stimulate the fetal respi-
ratory system. In the study by Bednarek et al. no significant haemodynamic changes 
were found after steroid therapy, however, other authors observed a transient 
decrease in the pulse index of the fetal middle cerebral artery [51, 52]. It cannot 
be ruled out that these differences result from the different tocolitics analyzed. 
Corticosteroids administered to the mother to stimulate the maturation of the fetal 
lungs in the event of impending preterm labor may temporarily “improve” the 
flow waves. In such a situation, it is reasonable to repeat the Doppler examination 
approximately 48 hours after administration [34].

Brar et al. reported lower efficacy of tocolysis in patients with abnormal flows 
in the maternal-fetal circulation before the therapy, which increases the risk of 
preterm labor [53].

Summing up, it should be emphasized that drugs inhibiting uterine contractions 
do not have a significant, long-term and permanent effect on the vascular flow of 
the maternal-fetal circulation. When considering the efficacy of tocolysis, other 
factors disrupting normal vascular flow should be taken into account, which may 
reduce the effectiveness of tocolytic drugs and increase the risk of preterm labor.

5.3 Preterm labor ended with cesarean section

Nakayi et al. analyzed the vascular flow of the uterine arteries on the third, 
sixth and ninth day after cesarean section. They found no significant changes in the 
resistance index in these vessels [54].
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The assessment of uterine artery flow seems to be useful in vaginal bleeding 
in puerperal patients after cesarean section, as one of the complications of this 
operation may be rupture of the intraoperatively developed pseudoaneurysm of the 
uterine artery [55].

5.4 Infection in preterm labor

Caroll et al. assessed the flow in the middle cerebral and umbilical arteries 
of fetuses and in the uterine arteries of patients with premature rupture of the 
membranes with or without intrauterine infection. They found no changes in 
vascular flow, which means that Doppler examination is not useful for monitor-
ing the developing intrauterine infection associated with premature drainage of 
amniotic fluid [56].

Different results were obtained by Yücel et al. They analyzed vascular flows 
in patients after premature drainage of amniotic fluid with histopathologically 
confirmed placental inflammation. The researchers proved that an increase in 
the systolic-diastolic index in the uterine artery can be considered as a marker of 
developing intrauterine infection [57].

5.5 Ultrasound features of the cervix shortening

Bednarek et al. observed no statistically significant changes depending on the 
length of the cervix. Similar results were established by Klemm et al. analyzing 
uterine flows after radical trachelectomy. There were no changes in the uterine 
arterial resistance index in relation to the control group [58].

The three-dimensional evaluation of the cervical circulation accounts for a new 
diagnostic possibility. Samutchaikij et al. established reference values for certain 
measurements of the cervical vascular bed, and De Diego et al. analyzed three-
dimensional images of the cervix in patients at risk of preterm labor. The authors 
found differences in the parameters of cervical vascularization in patients with 
preterm labor in comparison to asymptomatic patients with a comparable length of 
the cervix. It is possible that three-dimensional ultrasound will become a practical 
tool for the actual assessment of cervical insufficiency [59, 60].

5.6 Pregnancy duration and vascular flows

The study by Bednarek et al. involved the division of the study group into 
preterm labor below and above 32 weeks of pregnancy. Vascular flow differences 
were found in the umbilical artery. The pulsation, resistance and systolic-
diastolic index values   were higher in the younger group. Similar conclusions 
were presented by Chanprapaph et al. in the analysis of measurements in over 
three hundred healthy pregnant women. This phenomenon should be explained 
by the progressive increase in end-diastolic velocity with increasing gestational 
age, which directly translates into a decrease in the pulsation index. The authors 
draw attention to the fact that the value of the systolic-diastolic index above 
three, in a pregnancy above the thirtieth week, is more often associated with 
complications of low fetal body weight and birth disorders - the presence of 
meconium in the amniotic fluid, cesarean section and worse birth condition of 
the newborn [61–64].

Mari and Deter draw attention to the parabolic shape of the curve of changes in 
the flow rates of the central artery of the brain, the values   of which are maintained 
in newborns until the first month of life. The curves established by the authors are 
applicable to the monitoring of fetuses with low body weight [65].
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Degani found a clear decrease in the value of the middle cerebral artery pulsa-
tion index after the thirty-sixth week of pregnancy, which is related to the compen-
sation mechanism that protects the fetus against a progressive decrease in oxygen 
tension [66].

Gadelha da Costa et al. assessed the increase in fetal middle cerebral artery 
resistance index up to the twenty-sixth week of pregnancy, and then a decrease to 
the period of full-term pregnancy [67, 68].

The lack of vascular changes in the uterine arteries in pregnant women with 
pre-term labor confirms the assumption that the assessment of the flow of these 
vessels is justified in pregnancies with placental abnormalities, such as intrauterine 
growth restriction, arterial hypertension or diabetes [69, 70].

6. Summary

Research on maternal-fetal haemodynamics in preterm labor is currently 
focused mainly on the safety of the used tocolytics. The reduction of the use, and 
often the elimination of beta-agonists, undoubtedly increased the safety of the 
mother and the fetus. The above literature review proves that despite some influ-
ence of medications on maternal-fetal blood flow values, tocolysis does not signifi-
cantly disturb haemodynamics. However, it is worthwhile to remember about safety 
rules during ultrasound examinations with the use of Doppler technique.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 13

Preterm Birth and Inflammation
Melinda Matyas

Abstract

Half of all preterm births are caused or triggered by an inflammation at  
fetal-maternal interface. The sustained inflammation that preterm neonates are 
exposed is generated by maternal chorioamnionitis, premature rupture of mem-
branes. This inflammation will facilitate the preterm labor, but also plays an important 
role in development of disease like: bronchopulmonary dysplasia, necrotizing entero-
colitis, retinopathy of prematurity, intraventricular hemorrhage and periventricular 
leukomalacia. Preterm neonates have immature immune system. The fragile co-
regulation between immune defense mechanisms and immunosuppression (toler-
ance) is often disturbed at this category of patients. They are at high risk of sepsis due 
to this imbalance between the defense and suppression mechanisms but also several 
injuries can contribute to the onset or perpetuation of sustained inflammation. They 
experience altered antigen exposure in contact with hospital-specific germs, artificial 
devices, drugs, nutritional antigens, and hypoxia or hyperoxia. This is more signifi-
cant at extremely preterm infants less than 28 weeks of gestation as they have not 
developed adaptation processes to tolerate maternal and self-antigens.

Keywords: preterm birth, inflammation, chorioamnionitis, premature rupture of 
membranes

1. Introduction

Preterm birth defined as birth before 37 weeks of gestation will have impact on 
newborns outcome not just immediately but long term. Around 70% of preterm 
births are spontaneous and are produced by premature rupture of membranes 
and preterm labor. In 50% of cases the preterm birth associates different form of 
inflammation, chorioamnionitis and maternal infection. The aim of this chapter 
is to present the impact of maternal inflammation and/or infection on their 
preterm health.

2. Preterm birth and preterm neonate particularities

Preterm birth according to the World Health Organization (WHO) is defined 
as birth before 37 completed weeks of gestation. In 2010, 14.9 million babies were 
born preterm, accounting for 11.1% of all births worldwide. In European countries, 
preterm birth represents approximately 5% of all births, while in certain African 
countries this ratio is around 18% [1]. Preterm birth represent the leading cause of 
childhood mortality in children under 5 years of age [2]. The high economic burden 
is generated by the neonatal intensive care, often followed by ongoing health care 
needs and a significant emotional impact experienced by families [3].
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Preterm birth may occur spontaneously or based on a medical indication. About 
one third of all preterm births have a medical indication, determined by maternal 
or fetal risk factors, which are higher than the benefits generated by the continua-
tion of pregnancy and include preeclampsia or diabetes mellitus [4]. Approximately 
70% of preterm births are spontaneous, caused by premature rupture of mem-
branes, preterm labor [4]. Preterm labor in about half of the cases is associated with 
inflammatory syndrome, with sustained inflammation. Preterm labor has a com-
plex etiology; it can be induced by many factors: infection or inflammation, utero-
placental hemorrhage, placental ischemia, uterine overdistension or stress [5]. 
Maternal risk factors with a role in triggering preterm labor are numerous: extreme 
ages of the mother, high body mass index (BMI), multiple gestation, assisted 
reproductive technologies, history of preterm birth, and low socioeconomic status 
[4]. Race is also an important risk factor; African-Americans are at higher risk of 
preterm birth than other ethnic groups [5].

Preterm birth is an important cause of morbidity and mortality in the newborn. 
The pathologies induced by preterm birth are both acute and chronic. Chronic 
diseases may have a long-term impact on the health of preterm neonates, affecting 
their neurodevelopmental outcome in variable degrees.

The main acute disorders associated with preterm birth are: respiratory dis-
tress, cerebral hemorrhage, periventricular leukomalacia, necrotizing enterocolitis 
(NEC), while the most frequent chronic diseases with an impact on the develop-
ment and long-term prognosis of newborns are: bronchopulmonary dysplasia, 
retinopathy of prematurity, periventricular leukomalacia, and abnormal neuro-
logical development.

Prematurely born adults will have an increased risk of hypertension at adult age, 
diabetes mellitus and obesity [4].

The evolution of preterm infants is dependent on sex. Some studies showed that 
at the age of 2 years, chronic respiratory and neurological complications were more 
frequent among male compared to female preterm newborns [6].

Cytokines play an important role in initiating and regulating labor. Labor 
occurs under pro-inflammatory conditions with the participation of cytokines. 
In this pro-inflammatory environment, a three-step process takes place, which is 
characterized by uterine contractility, cervical ripening and membrane activation/
rupture [7].

There will be a considerable release of interleukin IL-1 β, IL-6 and IL-8, and 
tumor necrosis factor alpha (TNF-α). These pro-inflammatory substances will 
be released by stromal cells as well as monocytes and neutrophils that invade the 
myometrium and the cervix during labor. IL-1β and TNF-α will cause myometrial 
contraction through calcium influx in myometrial smooth muscle cells. Myometrial 
contraction is also stimulated by prostaglandins: PGF 2α and PGE 2.

Chemotactic activity and cytokine production differ in the case of premature 
rupture of membranes compared to term rupture of membranes. In the decidua, 
leukocyte infiltration occurs during labor. The number of neutrophils that infiltrate 
the decidua is much higher in the case of preterm labor with associated infection. In 
addition to neutrophils, the number of macrophages also increases, but this increase 
is present in both term and preterm labor [8].

Nuclear factor kB (NF-kB), which plays a role in the synthesis of prostaglandins 
and the regulation of matrix metalloproteinase (MMP) expression, thus influenc-
ing myometrial contraction and cervical ripening, should also be mentioned.

Chorioamnionitis is an inflammation caused by bacterial infections in the fetal 
membrane. This may induce different severe disorders in newborns, such as necro-
tizing enterocolitis, cerebral palsy or patent ductus arteriosus. These complications 
will have an immediate and long-term impact on the evolution of the neonate [9].
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Inflammatory mediators will reach the fetus through the amniotic fluid or by 
transmission through the umbilical cord [10].

3. Inflammation effect on preterm neonate

3.1 Effects on the lung

The inflammatory cytokines that reach the amniotic fluid will have an effect on 
the development of the fetal lung. Chorioamnionitis is an important risk factor for 
bronchopulmonary dysplasia. In neonates whose mothers had increased cytokine 
levels in the amniotic fluid: IL-8, IL-8, IL-1β and TNF-α, severe forms of broncho-
pulmonary dysplasia were more frequent. The pathological examination of the pla-
centa can provide important information about the placental inflammatory process. 
Among our cases, we had a patient with a severe form of bronchopulmonary dyspla-
sia, with oxygen requirements until the age of 4 months, without a history of severe 
respiratory distress, but with abscess areas, extensive inflammation evidenced by the 
pathological examination of the placenta and umbilical cord (Figures 1 and 2). The 
mother showed no clinical symptoms, but inflammatory syndrome and premature 
rupture of membranes were evidenced 14 days prior to labor [11].

Although there are meta-analyses showing a weak association between inflam-
mation and bronchopulmonary dysplasia, animal studies have revealed signifi-
cant inflammation in the lungs after endotoxin injection in preterm lambs [12]. 
Inflammatory mediators have effects on the regulation of angiogenesis, morpho-
genesis and cell growth in the lungs [13].

Bronchopulmonary dysplasia is more frequent in extreme preterm neonates. 
It may have a long-term effect on respiratory function during childhood or even 
adulthood. These children at school age will have an increased risk to develop 
asthma phenotype. Treatments used in bronchopulmonary dysplasia can also have 
adverse effects that will be validated in the medium or long term. Thus, prolonged 
use of corticoids in severe disease forms can have an impact on neurological 

Figure 1. 
Amniotic membrane inflammation [11].
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development; prolonged use of diuretics may influence auditory bone development 
in the newborn [11]. Studies have shown airway obstruction in prematurely born 
children or adults with a history of BPD [14]. Other factors favoring the develop-
ment of the disease in preterm infants are delivery by cesarean section, infections, 
antibiotic therapy. The risk of infections increases with the decrease of gestational 
age. Humoral and cellular immunity is not prepared for extrauterine life in new-
borns with small gestational age.

Recent research has highlighted a correlation between microbiota and immunity, 
i.e. the presence of a lung - intestine axis regarding mucosal status.

Multivariate logistic regression analysis of a neonatal cohort (2527 neonates with 
BPD and 12826 unaffected controls) revealed that neonatal sepsis is a risk factor for 
BPD. Breast milk and probiotics play a role in reducing BPD incidence in preterm 
infants [15].

In BPD, there are changes in pulmonary vascularization, the number of alveoli, 
the reduction of septation, the simplification of alveolar structure with an impact 
on gas exchanges.

In the lungs, there is an inflammatory process mediated by pro-inflammatory 
cytokines, inflammation being maintained by mechanical ventilation, oxygen 
administration and infection. The cytokine level will depend on the duration of 
mechanical ventilation, tidal volume and the type of ventilation used.

Preterm neonates with BPD have in their cord blood a high level of Th17 com-
pared to unaffected newborns [16]. A study analyzing the serum of newborns with 
BPD revealed high levels of Il-6, IL-8 and granulocyte–colony stimulating factor 
(G-CSF) in the first week of life [17].

3.2 Effects of inflammation on the heart

Inflammation in the fetal period, particularly in the case of preterm neonates, 
will act on an immature, developing heart.

The process of formation, development of cardiomyocytes continues until the 
time of birth.

Figure 2. 
Inflammation in the umbilical cord [11].
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Currently, it is known that inflammation, cytokine release are correlated with 
the occurrence of pulmonary hypertension, which will have an effect on the right 
ventricle and will induce systolic and diastolic dysfunction. However, studies have 
demonstrated that maternal inflammation will have an effect on the fetal and 
subsequently neonatal heart. Hyperoxia induced by inflammation will affect left 
ventricular structure, causing systolic and diastolic dysfunction.

Extrauterine growth restriction is correlated with adaptation difficulties, limita-
tions of physical activity in former extreme preterm infants. This limitation can be 
generated by a degree of heart failure in former extreme preterm neonates and by 
their insufficient growth due to inadequate energy intake [15].

In adults, cardiac dysfunction induced by massive cytokine release as part of an 
inflammatory process or associated with sepsis has been described [18].

3.3 Effects of inflammation on the intestine

Due to its immaturity, the preterm neonatal intestine is at high risk for lesions 
caused by inflammation.

The risk factors for inflammatory lesions are represented by: immaturity of 
the mucosal barrier, immune cell dysfunction, low motility, reduced secretion of 
IgA and peptides with an antimicrobial role, high risk of dysbiosis and bacterial 
colonization.

Maternal chorioamnionitis determines a higher incidence of late sepsis in 
preterm newborns. The major intestinal consequence of maternal chorioamnionitis, 
chronic ischemia during pregnancy, antibiotic exposure is represented by necrotiz-
ing enterocolitis [19].

Pro-inflammatory mediators are important triggers in the development of the dis-
ease. Cyclooxygenase and platelet activating factors play a role in the inflammatory 
pathogenesis of NEC. The role of TLR4 receptors in NEC has been described. TLR4 
recognize lipopolysaccharides and activate NF- κB, triggering the pro-inflammatory 
cascade. Enterocyte apoptosis is induced. The bacterial signal mediated by TLR4 
causes mucosal lesions and allows the passage of bacteria into circulation. In mes-
enteric vessels, TLR4 will interact with bacteria, determining increased nitric oxide 
production, with severe vasoconstriction and reduced intestinal perfusion [20, 21].

The intestinal microbiota has an influence on immunity in both the intestine and 
the entire body.

Inflammation in NEC is caused by dysbiosis in the intestine and the exaggerated 
inflammatory response to this imbalance of the intestinal flora.

3.4 Effects of inflammation on the kidney

Nephrogenesis occurs until the gestational age of 34–36 weeks. The intrauterine 
inflammatory process will have an effect on renal function. Inflammation has an 
effect on the nephrogenesis process. Animal studies have demonstrated that the 
number of nephrons is up to 25% smaller in the case of exposure to hyperoxia and 
concomitant inflammation [22].

The reduced number of nephrons will have an impact on long-term renal func-
tion during childhood and adulthood, and it will favor the development of arterial 
hypertension at adult age.

3.5 Effects of inflammation on the central nervous system

Besides the impact on the pulmonary parenchyma, the inflammatory process in 
the intrauterine period also affects neurological development. Fetal inflammation, 
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as well as inflammation in the neonatal period due to infections can have conse-
quences on the brain, causing lesions of the white matter, inducing periventricular 
leukomalacia, cerebral palsy, respectively.

The increased levels of IL-1 β, IL-6 and particularly TNF-α will exert a toxic 
effect on developing oligodendrocytes, but will also have a toxic effect at neuronal 
level. Experimental animal models have revealed the evolution of neurological 
lesions in time. MRI studies have evidenced long-term cerebral changes during 
adult life in animal models exposed to inflammation in the intrauterine period. 
Although there are no data about preterm infants exposed to inflammatory syn-
drome in the intrauterine period, it is important to consider the fact that some 
authors have reported cases of autism as an effect of persistent inflammation in the 
fetal period, or schizophrenia as an effect of latent inflammation [23].

Inflammation will induce lesions directly in the oligodendrocytes and neurons, 
but also indirectly, through the activation of microglial cells with the release of pro-
inflammatory cytokines, followed by neuronal and oligodendrocytes damage [24].

The ELGAN study showed that a high level of inflammatory markers during the 
first month of life will entail a high risk of decrease in the intelligence quotient (IQ ) 
and executive functions [25].

The imbalance of the intestine – brain axis has an important role in neurocogni-
tive development. Many studies describe the role of this imbalance. In its activity, 
endocrine, metabolic, immune and neural factors play an important role, but they 
have not yet been completely elucidated.

4. Conclusion

Preterm birth represents a public health problem. Inflammation during preg-
nancy has effects on the fetus and subsequently, on the newborn. Inflammatory 
mediators in the amniotic fluid induce lesions in the lung and the central ner-
vous system.

A non-invasive respiratory approach and the limited use of invasive respiratory 
support will prevent severe forms of bronchopulmonary dysplasia. Enteral feeding 
with breast milk will have a beneficial effect on the reduction of NEC incidence, the 
reduction of the incidence of sepsis, BPD and ROP, as well as on the reduction of the 
risk for bronchial asthma during childhood and young adulthood. In the long term, 
implementing individualized therapeutic measures will allow a better management 
of each case, the decrease of fetal and neonatal mortality, and optimal neurological 
development.

Appendices and nomenclature

BMI body mass index
NEC necrotizing enterocolitis
TNF-α tumor necrosis factor α
IL 1β interleukin 1 β
NF kB nuclear factor kB
G-CSF granulocyte colony stimulating factor
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Approaches at Community Level 
for Care of the Preterm Neonates 
in Low-Income Countries
Pontius Bayo and Juliet Ajok

Abstract

The survival of preterm babies has significantly improved over the last several 
decades in the high-income countries because of the availability of Neonatal 
Intensive Care Units (NICU’s) in both large and small hospitals, presence of 
specially trained physicians, nurses, and other health care personnel with easy 
access to sophisticated equipment. However, the bigger public health advances that 
saw improvements in socio-economic status of the populations, improvements 
in education and sanitation conditions and reductions in malnutrition and rates 
of infectious diseases were probably the main reasons for this improved survival 
rates for preterm neonates. Low in-come countries are currently highest bearers of 
the burden of preterm morbidity and mortality. The current preventive and care 
interventions do not reach all the neonates and their mothers, the coverage has 
remained low, access is poor and the quality of care is low. The aim of this chapter 
is to propose ideas on how the current preterm neonatal care interventions can be 
adapted for community scale up through community-based health system struc-
tures like community health workers to improve survival of neonates who have been 
delivered from home or after they have been discharged from hospital.

Keywords: preterm, communities, low in-come countries, access, coverage

1. Introduction

Globally, about 15 million neonates are born preterm, the majority of which are 
in Sub-Saharan Africa [1]. The survival of these pre-term babies depends on which 
part of the world they are born from [1]. This chapter is meant for neonatal care 
deliverers in third world economies where subsistence farming managed by women 
is the backbone, where women engaged in other occupations are scarce, majority 
of the populations are in the lowest economic quantiles, access to quality education 
and health services are poor, access to family planning information and services 
is low and where teenage pregnancy rates have remained notoriously high. Such 
are the economies that present the highest numbers of preterm births in the global 
records and yet also present poor health systems with high rates of home deliveries 
and high rates of perinatal deaths [2]. The knowledge, expertise and the technology 
required for the preterm babies to survive is limited in these economies.

The survival of preterm babies has significantly improved over the last several 
decades in the high-income countries because of the availability of Neonatal 
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Intensive Care Units (NICU’s) in both large and small hospitals, presence of spe-
cially trained physicians, nurses, and other health care personnel with easy access 
to sophisticated equipment [3]. However, the bigger public health advances that 
saw improvements in socio-economic status of the populations, improvements 
in education and sanitation conditions and reductions in malnutrition and rates 
of infectious diseases were probably the main reasons for this improved survival 
rates for preterm neonates [4]. The countries in low-resource regions are currently 
at different stages of economic growth and health system development and will 
see similar improvements at some point. But strengthened political will, increased 
community participation in and awareness of their health are necessary for larger 
strides in the desired improvements. Strategic research focused on prevention of 
preterm births and implementation of innovative interventions at the community 
level is also crucial.

There is need for programmatic innovation to close the gaps in coverage, equity 
and quality of care left by the health facility based preterm neonatal care interven-
tions and focus on integration and scale up. Health care packages can be linked 
through the lifetime of individuals (adolescent, woman, mother, newborn and 
child) and across health levels in the system (at home, primary health care center, 
district/regional hospitals) using the continuum of care principle.

2.  The exaggerated risk of death for the preterm newborns at the 
community level

Birth and the succeeding few days present the highest risk of death to any 
newborn in the human lifespan because of the delicate needs of body temperature 
regulation, glycemic control, and a clean environment to prevent infection. Preterm 
infants, however, are at an exaggerated risk of dying compared to their full-term 
counterparts as they are not able to adequately regulate their body temperature, 
have poor suckling reflex for adequate feeding, and also have poor lung maturity for 
adequate lung expansion and are therefore, prone to respiratory distress syndrome 
and infection [5, 6]. These medical complications may be managed with relative 
ease in the health care facility setting and this makes the difference in survival for 
the preterm newborns in the different economies.

Most health facilities in the developing world still lack the appropriate technology 
and skills to save preterm neonates, and it is worse at the community level where the 
health systems lack community structures for continued care at home after hospital 
discharge or to access care for those delivered from home. The death of a preterm 
baby is thus, considered inevitable by both the healthcare system and the families 
in these economies, yet many of them could be saved with simple interventions that 
can be rendered and/or continued at the community level [7]. The majority (>80%) 
of preterm babies are born between 32–37 weeks of gestation and can survive with-
out the need for sophisticated medical care [8]. This chapter aims to highlight the key 
medical needs of the preterm neonates and how community health structures can be 
re-aligned to offer simple interventions to support their survival at home in develop-
ing countries. It is an attempt to contribute to the efforts towards achieving SDG goal 
3 target of reducing neonatal mortality to at least 12 per 1,000 live births [9].

3. The rationale for a community approach in the developing economies

The risk factors for preterm births are ripe in the developing economies where 
access to health care is poor. Young and advanced maternal age, low maternal body 
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mass, short inter-pregnancy intervals, gender-based violence, infections such as 
urinary tract infections, malaria, bacterial vaginosis, HIV, and syphilis are still 
very common in these countries and are associated with preterm births. Lifestyle 
behaviors such as excessive physical work, smoking and excessive alcohol consump-
tion have also been associated with preterm births and are common practices in 
these developing countries [10].

The numbers of preterm births are therefore, higher in these countries and yet 
survival is poor, as most of these births take place at home, some of the tradi-
tional practices of neonatal care simply heighten neonatal infection rates such 
as application of substances on the cord, the knowledge to detect danger signs 
is limited and referral pathways are also limited. Well planned and coordinated 
interventions at community level would argument health system programs to 
reduce neonatal mortalities in these countries. However, before such interventions 
are designed and implemented, there is need to assess the contextual newborn 
care practices at the household level and understand the beliefs attached to these 
practices. This helps to inform the cultural feasibility and therefore, acceptability 
of the intervention as well as to define the delivery platform within the local 
health system.

4.  Which of the following preterm neonatal issues can be resolved at the 
community level?

This chapter is not in any way to replace actions/interventions at the health 
facilities in any country but to emphasize preventive, health promotive and 
essential care actions that are possible at the community level to increase survival 
in contexts where access to health care is poor. It is, therefore, important for it to 
be clear to the reader that preterm neonates have multiple issues, some of which 
may not be alienable at the community level. Some of these issues are pointed 
out here for emphasis, and it is prudent that each case is assessed carefully and 
independently.

1. Severe infections: Most preterm neonates will die once they get severe infec-
tions; therefore, prophylactic antibiotics may be necessary for all preterm 
neonates.

2. Respiratory Distress Syndrome: Preterm neonates born before 32 weeks of gesta-
tion have immature lungs that lack surfactant in the alveoli and thus have poor 
lung expansion. Antenatal corticosteroid injections to women in preterm labor 
has proved helpful in reducing the risk of RDS [11].

3. Jaundice: The preterm neonate’s liver is not able to metabolize bilirubin 
 adequately and the brain is at higher risk of damage as the blood–brain barrier 
is also poorly developed to offer protection.

4. Intraventricular hemorrhage: This is the most common cause for brain damage 
and is often related to the RDS and hypotension.

5. Necrotizing enterocolitis: Formula feeding seems to increase the risk tenfold as 
opposed to those neonates who are breast fed.

6. Anemia: This may show up a few weeks after birth because of delayed red 
blood cell production by the immature bone marrow.
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5.  The medical and socio-economic challenges while caring for preterm 
newborns at the community level

Developing countries can reduce their neonatal mortality rates significantly 
by offering appropriate care to preterm neonates through regular breast feeding, 
optimum body temperature maintenance, cord, and skin care, as well as early 
detection and treatment of infections. However, multiple technical, social, and 
economic challenges exist which might render these elements of care difficult at the 
community level.

5.1  Care of pre-term babies at the community level may be complex and 
stressful for parents compared to at the health facility with the support of 
the health care providers and availability of appropriate equipment

Parents and care takers at home not only require the knowledge about the needs 
of pre-term babies over and beyond those of the term babies, what medical compli-
cations to anticipate and how to prevent them but they also need social structures to 
support them provide the care to their babies and help with other domestic chores.

Some of the difficulties may vary according to context influenced by culture 
and traditions. Kangaroo mother care (KMC) for example, has promise to support 
preterm neonates at home and prevent occurrence of most of the above medical 
complications, however, its practice has remained low [12]. The traditional way of 
carrying neonates at the back makes KMC an odd intervention and shameful for 
mothers to practice [13]. Most communities are aware of the need for warm care 
for neonates and already have traditional ways of providing it e.g., putting a lamp 
or a charcoal stove in the room where the neonate sleeps, smearing the body of the 
neonate with special oils etc. This has made it difficult for KMC to receive social 
approval in such communities. It has been reported in some studies that community 
members have accused mothers practicing KMC of using their chests to hide stolen 
property [14]. This kind of stigmatizing comments from the community members 
does not only make the mothers fear to practice KMC but also limits the participa-
tion of the male partners. It has also been reported that close relatives may generally 
support and help mothers practicing KMC with household chores, but they are 
likely to overly subject the mothers to a lot of questions.

Certain traditional practices and norms increase risk of infection among preterm 
babies such as many care takers in the community not willing to wash hands before 
handling the neonates, large number of people visiting the mother and the neonate 
insisting on carrying the baby without washing the hands. Families, therefore, go 
through a lot of psychological stress from forces within the communities that takes away 
their confidence while taking care of preterm neonates. The healthcare systems must 
address this through providing adequate and coordinated information and education.

5.2  Gender roles place mothers of preterm babies in responsibility of household 
chores with limited assistance from the male partners

Beyond the complexity of detecting medical complications and offering the 
care needed to prevent them, the mothers in the developing world have additional 
burden placed on them by gender norms within the societies. It has already been 
noted that the care for preterm neonates is labor intensive and time consuming and 
yet in most settings gender roles place the mothers in positions where they receive 
minimum assistance from their male partners towards household chores. The 
mothers must cook for their husbands and the other children at home, clean up the 
house, produce food from the gardens besides having to look after themselves [15].
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5.3  Feeding challenges as pre-term babies have a poor suck reflex and 
insufficient suck-swallow coordination

Pre-term neonates have a poor coordination of the hunger-satiety cues, they 
also tire easily at suckling and may sleep off without effective feeding [16]. 
Unfortunately, their mothers do not usually recognize this challenge especially 
when the neonates tire and sleep off, the mothers tend to believe that they are full. 
In some communities, mothers use undesirable feeding options when the neonates 
are not able to suckle adequately such as giving sugar water instead of expressed 
breast milk [17]. Different breast-feeding methods for these pre-term neonates 
needs to be taught to their mothers and regular close monitoring implemented.

5.4  Health systems failure to create consistent awareness and education on  
pre-term neonatal care at the community level

The health care systems have no clear strategies to promote preterm neonatal 
care at community level, for example, most mothers learn about KMC from health 
workers for the first time only after giving birth in the hospital [13]. Preterm labor 
and pre-mature neonates are not subjects discussed with the mothers during ante-
natal period. Peer -to- peer information sharing has been noted to be a major source 
of trusted information that most mothers relied on to care for pre-term neonates 
[13]. The mothers are, therefore, not mentally ready about what to expect and 
feel overwhelmed with anxiety once confronted with the demands of the preterm 
baby. Health systems that have community health structures such as village health 
teams (VHTs) or community health workers (CHWs), these have program specific 
trainings in most settings and pre-term neonatal care at community level is usually 
not one of the priorities. For example, the personnel are trained as community drug 
distributors for childhood illnesses, breastfeeding supporters, and as safe mother-
hood volunteers while others promote malaria prevention. Most health systems lack 
evidence informed policy and standard guidelines for pre-term neonatal care at the 
community level.

The education needs of parents being discharged from hospital need to be 
carefully assessed to empower them to take care of pre-term neonates at home 
and be provided with a discharge plan based on the needs of the pre-term neo-
nate, their competencies and availability of resources for care. These educational 
needs are likely to change over time to information regarding growth and devel-
opment. Health systems, therefore, need to design and adapt parental support 
structures at the community level that are dynamic at the different stages of 
baring a pre-term neonate.

5.5 Financial constraints for professional home care and health promotion

A structured coordinated home care by health care professionals would provide 
parents an opportunity of support in their own physical environment making use 
of their own social support networks. However, the human resources to provide this 
and the supplies required is often lacking in the developing world.

It is difficult for most families in the developing world to afford materials that 
are required for the desired practice especially among the poorest communities. 
They often lack the basic supplies such as warm clothes for keeping the baby warm, 
no adequate clean water and sanitation facilities at the homesteads, as well as inad-
equate maternal nutrition often compounds the situation. In one study, mothers 
reported lack of funds to buy fuel (charcoal and paraffin) and oil to smear the baby 
or for accessing healthcare when the neonate gets sick [18].
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Health systems would need to make commitments for an institutionalized 
approach of home care for pre-term neonates and act on the roles and obligations 
towards achieving agreed goals and rights. Decisions and actions towards financial 
obligations need to be based on evidence and rights. There is also be need to have 
clear accountability frame works for any financial commitments for home based 
care for pre-term neonates including institutionalized monitoring and evaluation 
systems that facilitate learning and progress.

6.  Resources available at the community level to support care of  
pre-term neonates in low-income countries

6.1  There are traditional birth attendants (TBAs) in communities who continue 
to attend births from home

Mothers in rural areas in the developing world continue to rely on TBAs for 
assistance at birth and advise on postnatal newborn care. The knowledge, attitudes, 
and practices of these TBAs needs constant evaluation by the health systems. It has 
been demonstrated in some studies that mothers prefer to follow the tradition and 
are heavily influenced by these local TBAs and family pressure [19].

6.2  There are community-based health structures composed of voluntary 
community health workers (CHWs) monitored by the health systems in 
most developing countries

As already stated above, most of these community structures are established for 
specific programs. Integrating the knowledge and safe practices for newborn care 
into the existing activities of the VHTs/CHWs can stimulate a structured newborn 
care at community level under the supervision of the health systems. There has 
been successful home-based neonatal care programs [20], and this can be scaled up 
for preterm neonates.

6.3 There are locally known signs to identify pre-term neonates

Community members such as Traditional birth attendants (TBAs) can correctly 
identify preterm neonates with features such as ‘baby at birth is very small’, ‘not able 
to suckle’, ‘skin is wrinkled’ and ‘inability to open eyes at birth [21].

6.4 There is some knowledge about how to look after pre-term babies

The need to give the pre-term babies extra-care is known to many community 
members such as keeping them warm, encouraging adequate feeding and keep-
ing the environment clean. For example, warmth is generated from the different 
sources in different societies including covering the babies with many clothes, 
lighting charcoal stoves under the bed where the baby is laid and providing hot 
water jerrycans [22].

7.  Essential preterm prevention and care packages at the community 
level in low-income countries

The essential neonatal care packages exist in literature but there is a gap between 
this wealth of knowledge and practice. There is need to adapt the interventions and 
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care packages tested in randomized trials to local settings especially when strongly 
held beliefs and cultural barriers exist against the scientific mechanisms of the 
interventions. The extend of the adaptation may depend on survival benefit and 
affordability of the intervention.

7.1 Prevent preterm births

Preventive strategies in low-income countries should focus on risk reduction and 
this includes preconception interventions through to interventions during preg-
nancy. The interventions need to be packaged and delivered through coordinated 
community health structures involving trained CHWs and VHTs. During precon-
ception period, communities need to be educated and empowered to improve ado-
lescent and preconception nutrition, strengthened family planning information, 
education and methods delivery system at community level; prevent gender based 
violence, prevention, and management of sexually transmitted infections (STIs) at 
community level, preventive strategies for control of malaria infections through use 
of insecticide treated mosquito nets and cessation of smoking and excessive alcohol 
consumption.

During pregnancy, mothers need to be supported, monitored, and supervised 
by CHWs to attend ANC through multiple home visits to ensure targeted care for 
women with increased risk for preterm birth.

7.2  Community -health facility linkages to ensure health facility births under 
skilled care

Access to health care is a major obstacle for many women in developing coun-
tries. Women and their families have been encouraged to have a birth preparedness 
plan which needs to clearly identify health facility for birth, means of transport 
to the facility, a skilled health care provider, a companion from home, financial 
support, clothes to provide warmth for the neonate and person(s) to continue 
giving support looking after other children while away. This preparedness should 
be monitored through the community health structures such as the village health 
teams (VHTs) or community health workers (CHWs) who need to be facilitated to 
conduct home visits to all pregnant women in their catchment areas.

Deliveries under skilled care is crucial to correctly identify preterm neonates, 
ensure their birth weights are determined, early and exclusive breast feeding is 
established, and resuscitation done if required. The referral pathways need to be 
established through linkages with the VHTs and/or CHWs for mothers and neonates 
who have delivered from home.

7.3 Thermal care

Community health structures can be organized to VHTs and CHWs to sup-
port women through postnatal home visits to establish adequate thermal care 
for their preterm neonates. Every neonate needs thermal care by simple actions 
such as drying and wrapping, warming up the room the neonates are in, covering 
the head with a cap, delaying the first bath, and using warm water for bathing 
[23]. Preterm babies will require kangaroo mother care which involves placing 
the preterm neonate on the chest of the mother or other attendant for a direct, 
continuous skin-to-skin contact to provide stable warmth and encouraging 
exclusive breast feeding. These techniques can be taught to mothers and other 
family members and reinforced through regular supervision and monitoring by 
VHTs/CHWs.
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7.4 Early breast feeding

Breast milk is particularly important for preterm neonates not just for nutrition 
but for their immunological and neurological development. Preterm neonates have 
ineffective suckling reflex that leads poor breast feeding; they need support with 
expressed breast milk fed using a cup or a spoon. Again, community health struc-
tures established through VHTs/CHWs can support mothers to establish early and 
effective breast feeding for preterm neonates through education, supervision, and 
monitoring.

7.5 Hygiene at birth and after birth

Preterm neonates have a heightened risk for sepsis usually because of poor cord 
care and unhygienic conditions during and after birth [3]. Mothers continue to have 
home births under unhygienic conditions; health systems need to acknowledge this 
and be able to provide clean birth kits at community level for births that are likely 
to take place at home. Awareness needs to be created among mothers and close rela-
tives about hand washing prior to handling a neonate and avoid separating mother 
and baby especially when there is no need.

Different communities in developing countries apply different substances at the 
cord and different cultural beliefs are attached to the practice. Chlorhexidine has 
been proven to be effective in preventing neonatal cord sepsis and there are sug-
gestions that a policy of using it at community level might eliminate use of harmful 
products.

7.6 Resuscitation

About 5–10% of all babies will need support to initiate breathing at birth and 
fortunately 80% of these can survive with just basic resuscitation with a bag and 
a mask [23]. Traditionally this has been a function of health facilities but whether 
resuscitation training can be conducted to birth attendants plus CHWs at com-
munity level to equip them with skills to identify infants with apnea and how to 
stimulate and perform basic manual ventilation needs further study. Considering 
that many mothers continue to give birth at home, basic ventilation with bags and 
face masks at community level is a skill worth considering at that level.

8. Strategic research agenda

Despite the wealth of information on the risk factors for preterm birth and care 
interventions in the health facilities, there is need to further study how these inter-
ventions can be adapted for difficult settings or at the community level. Effective 
interventions such as KMC are not practiced widely at community level and factors 
that affect its utilization at scale needs to be understood. Strategic implementation 
research focused on adapting existing interventions to specific contexts with an 
aim to increase coverage, reduce cost and improve access. Research can also focus 
on developing new approaches including behavior change interventions to prevent 
preterm births, calling on the communities to their moral obligation to participate 
in improving their own health.

Community members need to be mobilized, educated and awareness be cre-
ated in organized groups such as women groups, youth groups etc. The modalities 
for these mobilization strategies need to be studied. The rational choice and the 
motivation for individuals to participate in a collective behavior change program 
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might be influenced by many factors including social trust, relationship networks, 
and social norms etc., that can promote collective social response [24]. Individuals 
can be pushed to change their behaviors and be forced to participate in collective 
community responses after personal constraints and experiences or such behavior 
change can be a result of external pressure and supervision from social norms [25]. 
Some studies show that government support and guidance can also influence indi-
viduals participation in collective actions through organizing them, policy guidance 
and financial support.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 15

In the Crossing of Politics With 
Science: Medical Arguments on 
the High Rate of Cesarean Sections 
in Rio de Janeiro, Brazil
Jaqueline Ferreira

Abstract

Brazil is the second country with the highest rate of cesarean sections in the 
world. Most of these procedures are without medical reasons, representing risks 
for the mother and baby. Obstetric doctors are appointed as the main responsible 
for this index. The reasons given are for financial reasons or for the convenience of 
predictable and planned births, and in these cases, cesarean sections are performed 
without sufficient clarification to pregnant women about their risks and their real 
need. In this context, there is a constant conflict between doctors and social move-
ment activists in favor of the humanization of childbirth. The purpose of this paper 
is to analyze from an anthropological point of view the arguments that doctors use 
to defend themselves against these accusations. Through participant observation at 
scientific events and meetings of representatives of medical entities, it was found 
that obstetricians argue that they are based on “medical evidence” and accuse 
humanized childbirth activists of being based on “ideology”. These arguments 
reflect the current political context in Brazil marked by intolerance and the advance 
of neoconservatism.

Keywords: cesarean section, anthropology, obstetricians, medical evidence, 
humanization of childbirth

1. Introduction

This study is anchored in the field of Anthropology of Biomedicine, which 
addresses an area of anthropological investigation focused on the influence of socio-
cultural aspects in the biomedical theories and practices. In this view, it is important 
to recognize that medicine is a cultural system as subject to anthropological analysis 
as any other context [1, 2]. Likewise, studies in unusual fields like Bruno Latour and 
Steve Woolgar’s [3] in laboratory helped to put under perspective the production of 
scientific facts as topics of investigation in the social sciences.

In this line of reasoning, diagnostic and therapeutic interventions bring to the 
light political, economic and commercial issues in their ethical, clinical and philo-
sophical dimensions. Such questions have lived up debates in Sociology of Science 
and Anthropology of Biomedicine with questionings like: What are the meanings 
and effects of these interventions on intimacy? How is the health/illness process 
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reconfigured in the daily life of the individuals in face of such interventions? How 
do health professionals remodel their practices and their relations with sick indi-
viduals in front of these new technological and scientific resources? Which is the 
accessibility and the ethical and cultural consequences of the intense development 
of these scientific technologies for the societies and the individuals? From the point 
of view of the Foucauldian notions of biopolitics and biopower, the debates show 
that the biotechnologies constantly use hegemony, inequality, and subordination 
to create social consumption in order to control both individuals and collectives. It 
is with this view that this study approaches the positioning of entities representing 
the physicians of Rio de Janeiro, Brazil on the excessive number of cesarean sections 
in the country, in counterpoint to the position of activists for humanized childbirth. 
The goal is to understand how the physicians conduct their discourses and practices 
concerning the contemporary issues on childbirth medicalization, specifically the 
C-section.

In Brazil, the rate of C-sections is considered way above any existing parameter. 
The World Health Organization (WHO) recommends a rate of 15% of C-sections 
in the country, although a slight increase can be presently observed in part of the 
developed countries [4]. In the United States, for instance, there was an increase 
from 20.7% in 1996 to 31.1% in 2006 [4]. In Brazil, current data indicate a rate of 
53% of C-sections on the total labors in the country, existing a distinction between 
the rate for those conducted in the public sector (46%) when compared to those 
accomplished in the private health sector (88%), being considered that there is a 
“cesarean epidemic” in the country [5, 6].

The WHO recognizes that there is an “actual cesarean culture in the country, 
even when considering that local particularities make the definition of a uni-
fied goal difficult [4]. Thus, the organization advocates for the need to reduce 
C-sections in the country, claiming that this procedure “can cause significant, 
sometimes permanent complications, as well as sequelae or death” in mothers 
and babies.

Several works try to identify the causes of these high rates and the focus is 
always on the physicians. A great number of inquiries accuse them of carrying 
through procedures like C-sections because they are better remunerated [7]. Others 
point equally to the preference of physicians for carrying through procedures in 
schedules and days marked according to their own comfort [8, 9].

These arguments have been used also by the feminist activists for humanized 
childbirth to accuse the doctors of carrying through an excessive medicalization of 
labor in which the cesarean is the major representative. They also emphasize that 
the doctors do not privilege the autonomy of the women, do not appreciate their 
experience and do not respect all their citizenship rights related with the choice 
of their way of labor [10]. The activists claim that the doctors must respect the 
female physiology of the childbirth, not interfering unnecessarily, recognizing the 
social and cultural processes of labor and birth, providing emotional support to 
the woman and her family, facilitating the mother–child bond, and assuring her 
autonomy when choosing the way and the place where the childbirth will be carried 
through: at the hospital or at home. In the same way, they claim that the doctors 
must inform the woman on all the procedures [11–13].

There are several works dedicated to study the point of view of women on the 
cesarean childbirth [14, 15]. However, the medical reasons are little studied. Thus, 
this study will focus on the medical perspective. The universe of the study that 
will be presented here regards to the medical representatives of Federal Council of 
Medicine of Rio de Janeiro [16].

In Brazil, the agencies that inspect, regulate, and promote the doctors activities 
are the Federal and the Regional Councils. The Federal Council of Medicine é based 
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in the Brasília, F.D. and has jurisdiction over the whole Brazilian territory. However, 
in each region, it works in partnership with the Regional Councils of Medicine 
(RCM). There are several RCMs in the country, as it is the case of Rio de Janeiro, the 
CREMERJ. The CREMERJ exists for 60 years and is formed by 42 council members 
who represent the several medical specialties.

The RCMs watch for the ethical principles of the profession in all Brazilian 
regions. They are autarchies with autonomy in their administration, keeping 
their own view, values, and financial management. For such, they make available 
information, documents, resolutions, and publications. In order to accomplish 
their activities, all doctors must be registered at the RCM of their state, being them, 
therefore, crucial for the exercise of the activity. Trying to enclose all professionals 
and specialties, the RCMs are subdivided to address each sector of medicine. They 
are the Chambers and Commissions, aimed to the medical specialties and other 
activities of the doctors, like clinic manager or health entrepreneur. Everything is 
inspected by the Council.

The regional councils are places of the medical elite with a political and scientifi-
cist aura. They assume the mission of appreciating the profession and they have the 
power to entitle or exclude doctors carrying through an ethical analysis of medicine. 
This leads us to the power of the medical class as already mentioned by Freidson: 
“The origin of the control of Medicine on its own work is, therefore, of a clear 
political character, involving the aid of the State in the establishment and preserva-
tion of the preeminence of the profession” ([17], p43).

Despite the advances, there still are huge gaps related to the strongly corporat-
ist character of the profession. In this sense, the debate promoted by CREMERJ 
concerning the c-sections is exemplary. In this case, there is a straight confronta-
tion with feminist militants who, to a large extent, are represented by the classic 
“enemies” of the profession, midwives and nurses. Not less relevant is the character 
of gender that historically crosses the childbirth medicalization, as the feminist 
militants are females and the medical representatives of CREMERJ are mostly 
males [18].

One of the tasks of CREMERJ is to develop events and debate meetings aimed 
to promote good medical practices. For this research, it was accomplished a partici-
pant observation of the “Symposium Childbirth and Abortion” (29 and 30 March, 
2019), promoted by the entity between 29 and 30 of March [19]. It was also made 
the documental analysis of news published in its website, of documents produced 
by it and statements of its members to the media.

It is worth highlighting that the debate on C-section versus normal childbirth is 
quite polarized in the country. It has opposing political partisan contours: the ultra-
conservative right and the progressive left. It should be made here a brief retrospect 
of the current Brazilian context that livens up this debate.

2.  The political context in Brazil and the political-ideological 
polarizations around the cesarean and the humanized childbirth

Brazil suffered a coup in 2016 that removed the first female president elected of 
the country, Dilma Rousseff, under the accusation of corruption. This event was 
followed by neoliberal transformations that increasingly decreased the account-
ability of the State in the addressing of social problems. Consequently, there was a 
reduction of investments in the public sector and the wellbeing of the population 
was delegated to private organizations. Unemployment and poverty increased 
enormously, social rights historically acquired were lost and unions and social 
movements have demobilized.
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The media, strongly aligned with the interests of the elites, demonized the left 
movements and parties, which had progressive agendas and advocated for human 
rights. In this way, the country has been crossing a period in which intolerances 
result in aversion to the differences, to the minorities and that are manifested in 
hostile discourses. Souza [20] tries to interpret this phenomenon to the light of the 
values crucial to the democratic regime:

This way takes us to think on the discursivation of antagonistic relations in the 
present Brazilian society, on the dichotomist and hierarchized way of material-
izing the force relations underlying these discursive practices. To put in question the 
hatred discourse concerns, overall, to the limits of the rights of liberty of speech; to 
the way how the relation I/other is engendered; to the way how the freedom and 
equality values circulate in our society. It concerns, therefore, to think on dignity 
and human rights. ([20], p930)

In this context, the progressive agendas are accused of being “ideological”, 
as they are often associated with totalitarian states, intense critics of capitalism. 
In these “intolerances”, we observe that the expression “ideology” is loaded with 
derogatory meanings.

Also, the neoconservative agendas based on religious values oppose to the rights 
to gender equality, to sexual diversity and to reproductive rights. This way, the 
debate around normal or cesarean childbirth became an expression of ideological 
differences between liberals and conservatives. In 2018, in the electoral period that 
elected the candidate Jair Bolsonaro, identified as extreme-rightist, there were 
many controversies around this issue, as his speeches indicated that he would put at 
risk any agenda related with reproductive rights in counterpoint to the speeches of 
former-president Luis Inácio da Silva (Lula) and former-president Dilma Roussef, 
from leftist parties.

It should be highlighted that the coup that removed President Dilma Rousseff 
was strongly supported by the medical entities, among them the CREMERJ, which 
claimed the doctors to be involved in the pro-impeachment movement under the 
slogan “corruption is bad for health”. One of accusations to the government of the 
female President was her arbitrary attitudes regarding decisions in the health fields 
without inviting the doctors to the debate [21].

Jair Bolsonaro and his family have openly advocated for the limitation of abor-
tion and criticized the movements for childbirth humanizing. The current board 
of CREMERJ openly advocates for the same positions: against the abortion and 
questions the advocacy for the reduction of cesareans. The fact is that the current 
board is openly rightist and conservative, like the counselor representing the obste-
tricians and one of the major representatives of the Symposium. He assumed in an 
interview to BBC News Brazil that the new board “was openly elected with a more 
conservative agenda”. According to him, “most of the people are from the right. 
Then, ideologically, we are closer to Bolsonaro”, claims the gynecologist, adding 
having voted and made campaign for Bolsonaro [22].

The counselor has assumed his views in several articles published in the media 
and in the CREMERJ bulletin, in which he questions the scientific validity, the 
financing and the “conflict of ideological interests” that permeate the debates on 
abortion and C-sections [22–24]. On the other hand, he accuses the activists of 
competing with the doctors: “nurses and doulas want this field of work”, illustrat-
ing the historical competitions of gender and professional categories around the 
medicalizing of childbirth.

The CREMERJ representatives question the benefits of the normal labor and the 
World Health Organization international goals to decrease C-sections. According to 
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them, an “excessive autonomy of the woman” and non-doctors in the follow up of 
the childbirth would be harmful to the baby, as the scientific medical knowledge is 
what must prevail in this event.

In counterpoint, the activists who fight for the childbirth humanizing recognize 
the C-section relevance, but they argue that when it is not well used, it puts mothers 
and babies at risk, killing or resulting in sequelae. For instance, Talíria Petrone, the 
left member of the House of Representatives who participated in the event analyzed 
in this work, says: “I don’t see that it’s something ideological, from the left or from 
the right. It’s a matter of rights. We cannot leave the context where we are. There is 
a polarization in which there is a political line that denies and excludes rights; and 
another one that defends rights historically acquired”, says the activist, who claims 
to personally advocate the conquests of the left governments, especially those from 
the Workers Party (PT) and the former-president Lula.

One of the criticisms of the feminist activists for the humanizing childbirth to 
the doctors, especially to the representatives of CREMERJ, is based on their close-
ness to Jair Bolsonaro’s family. During the last presidential elections, for instance, 
the vice-president of the entity took a picture with one of Bolsonaro’s sons mimick-
ing a “gun”, and that was emblematic of his presidential campaign. The picture 
circulated widely in the social networks and was quite criticized on the Internet 
and representatives of human rights movements; a female doctor shared the idea 
of adhesion to the guns, and consequently the discourse of hatred and violence 
that accompanies it. The reply of CREMERJ board when asked on this fact is that 
“people have the right to vote on those they want”. “The democratic” position is 
highlighted by the board of the entity in many events, like the one that will be ana-
lyzed next. It is worth highlighting that the current president consistently empha-
sizes that this is the first non-partisan” and “non-ideological” management “of 
CREMERJ, in a clear reference to previous boards that “showed a trend to the left”.

2.1 The abortion symposium

The symposium Childbirth and Abortion was a privileged space of observation 
to know the medical arguments in favor of C-section and for the refusal of the 
accusation to the category for its high rates in the country.

The first day of the event was exclusively dedicated to the subject of Childbirth, 
while the second focused on the subject Abortion. There were around 40 people in 
the audience, most of them female obstetricians and young residents in obstetrics. 
Most of the speakers were male and their conferences approached mainly techni-
cal issues on childbirth and legal resolutions. Concerning the female speakers, one 
was a pediatrician and spoke about the advocacy of cesareans for the sake of the 
newborn wellbeing, and a female resident in obstetrics reported an aggression that 
she suffered in a shift. The other women were an attorney general who addressed 
“obstetric violence” and two federal representatives who debated on cesarean and 
humanized childbirth.

The female federal representatives invited by CREMERJ are from opposing 
political parties, one from the left and the other from the right. This choice of 
CREMERJ was explained by its directors as on purpose in order to show the “open-
ing of the entity to the democratic debates”.

The representative from the right, Janaína Paschoal, is known for her ultracon-
servative positions and speeches, in full agreement with President Jair Bolsonaro. 
Her conference was entitled: “The obstinacy for the normal childbirth leads 
women to death”. Her argument was that women with low purchasing power and 
who wish to have a cesarean are not able to have it in the public sector. According to 
her, poor women need to comply with what is offered in “public health”, motivated 
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by the “mantra of the epidemic of cesarean”. According to the federal representa-
tive, these women also have the right to what we call in Brazil as “cesarean upon 
request”, that is, the woman being able to choose previously her way of childbirth, 
in this case the cesarean, and denying this right to the women is violence: “these 
are almost torture-like situations”, and many of them and/or the babies end up 
dying. The federal representative assumed that she was based on accounts she had 
access to as a lawyer during the presidential campaign of Jair Bolsonaro, as well as 
in conversations with the Obstetrician Counselor of CREMERJ, openly adept of 
Bolsonaro.

On the other hand, the leftist representative Talíria Petrone, militant of the 
issues related to tackling violence against woman and for reproductive rights, spoke 
on “Normal childbirth as a social conquest and women’s freedom”. Her speech 
was clearly against the cesarean, accusing its trivialization when childbirth is 
approached as a good. According to her, the medical knowledge cannot intervene 
with the choices of the woman in relation to her body and denying information to 
her is the most serious element that we have in the health scopes.

The debate that followed was intense, with aggressive reactions from the 
audience to the leftist representative, being often necessary the intervention of the 
organizers to calm down the people. These two antagonistic and polarized positions 
reflect the existing conflicts in Brazil on the excessive childbirth medicalization 
and the humanized childbirth. In this context, it has been significant the position 
of the medical entity of Rio de Janeiro, CREMERJ, which has been making a strong 
opposition to the activists for the humanized childbirth with the argument that they 
are not based on “scientific evidence”, but rather on “ideologies”. The symposium 
was especially marked by this conflict.

2.2 Scientific evidence x ideologies: categories in dispute

The main argument of CREMERJ doctors in the symposium in favor of the 
cesarean concerns the evolutive process. In this sense, the obstetrician counselor 
speech was the highlight of the event. It was based on an article authored by him 
and colleagues published in 2011 in the Arch Gynecol Obstet under the title “The his-
tory of vaginal birth” [25]. One of the images presented in the Symposium is from 
the abovementioned paper and compares the pelvis of female primates and modern 
western woman. The abstract of the paper illustrates the authors’ position:

Vaginal delivery, as known today, is a still unfinished product, originated hundreds 
of million years ago, much before mammals evolved on land. In this article, we 
will discuss the way in which our direct ancestors were born over the eons until 
the present day, focusing on the factors that presented substantial changes in how 
birth occurred, in relation to our earlier ancestors. The history begins with the first 
amniotes around 300 million years ago and ends with the appearance of the first 
Homo sapiens around 160,000 years ago. ([25], p1)

It follows the paper’s argument showing that the evolution of species gave 
origin to a narrowing of the birth canal in women in the post-industrial era. This 
way, modern women may face more difficulties in childbirth and the use of more 
efficient procedures to give birth, i.e., a cesarean, is justified. The rationale that 
the maternal pelvic dimensions are subject to the powerful competitive demands 
of reproduction and locomotion is widely accepted in the biomedical literature. 
According to this reasoning, the two-legged phenomenon associated to the erect 
position and, later, to the alimentary changes, caused evolutive transformations that 
modified the dimensions of the females pelvis [26–28].
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The evolutionist ideas have been accepted by the scientific community since 
the 1940s, receiving criticisms more in the field of human sciences than in the 
biological sciences. This way, this argument is strongly used as undisputed scientific 
evidence, justifying the increasing childbirth medicalization.

The speech of the obstetrician counselor during the event follows in defense of 
the cesarean, highlighting “scientific evidence”:

It is a duty of the obstetrician to be updated on the best medical evidence. 
Episiotomy is recommended in selected cases. The C-section has several relative 
and absolute indications and a Guideline from 2019 of the American College of 
Obstetricians and Gynecologists (ACOG) showed that, in the current level of 
knowledge, it cannot be said that there is a safer childbirth. There is no scientific 
evidence that the vaginal childbirth is better that the cesarian in situations when 
there is no indication for it: over 39 weeks.

The symposium continued with the entity’s representatives accusing the advo-
cates of humanized childbirth of following an “ideological” trend and that it does 
not fulfill the scientific canons. These arguments, especially the most emphatic 
views of counselor were applauded by most of the public.

The fact is that in the opposition evidence x ideology related with the indication 
of C-sections or not specifically addressed in this symposium, it can be observed 
that the evidence can be aimed and used in accordance with non-scientific interests. 
Let us consider the speech of the two federal representatives: Janaína Paschoal 
advocates for the incentive to cesareans under the rationale that women depending 
on the public health network want to have it and they cannot because of a “stub-
bornness for the normal childbirth”. Her speech was challenged by one female 
doctor in the audience only, an activist of humanized childbirth, with the argument 
that if women had as much difficulty to have cesareans, there would not be as many 
unnecessary C-sections in the country. This, as well as any reference on the high 
rates of this procedure in the country, did not have any reaction from the pro-
cesarean audience.

On the other hand, the speech of the leftist representative, grounded on the 
advocacy of the humanized childbirth, condemning the excessive medicaliza-
tion of childbirth, raised violent reactions. One particular aspect mentioned by 
her – “Women know how to give birth and children know how to be born”, which 
insinuates that the doctor would be a mere supporting actor in the birth process, 
resulted in intense and aggressive reactions both from the audience and from 
the speeches that followed, accusing it of being an “ideological position”. Other 
speakers reassumed this issue bringing “scientific evidence” of how the doctors 
are necessary in childbirth, given the modifications that the female physiology has 
been suffering with the evolutive process and the fact that childbirth is an unex-
pected event. A female doctor, member of CREMERJ council, emphasized that a 
safe childbirth can only be the one attended by doctors, when is an integrated and 
up-to-date team, as well as available material and human resources. In turn, the 
childbirth “adventure” (referring to the humanized labor) would be the one when 
the parents are suspicious due to so many disagreeing information, with rejected 
and questioned protocols and medical recommendations in “an alternative and 
ideological” environment.

Since childbirth passed from the hands of midwives to the doctors’, it was 
redefined by biomedicine as a medicalizing event with the promise from the 
obstetric science to foresee and minimize its risks. Although a large body of feminist 
literature has criticized the biomedical field with the argument that this weakens 
the women in labor and makes a pathological event of a normal one, the biomedical 
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language of risk within a “technical-scientific” model emphasizing the special-
ist and based on evidence knowledge, predictability and control are dominant. 
To minimize the risk, the childbirth must, therefore, be managed by specialists, 
constantly monitored and subject to a series of investigations to investigate disfunc-
tions and anomalies [29].

In turn, for the activists, the humanized childbirth is resistance to this model. 
In its conception, the woman’s body cannot be object of a medical technology. It 
is about an alternative approach for the birth in which the woman in labor is the 
center of the process. This contrasts strongly with a technocratic model of child-
birth in which the woman in labor and her body are predominantly presented as 
objects of the medical specialist. However, the humanized labor activists try to be 
substantiated in scientific evidence as a way to legitimize their discourse in favor 
of the change in practices [30]. But this approach coexists with the discourse of 
the biomedical risk, as the humanized childbirth assumes equally medicalized and 
surveillance technologies [31].

On the other hand, the literature has shown that the biomedical argument of 
“risk” for the raised incidence of C-sections in Brazil does not agree with the reality 
of its clientele: middle-class women, with better prenatal assistance, good health, 
and nutrition. Thus, it is evident that other medical reasons besides the scientific 
ones act in this context. Besides the factors already described in this study, like 
medical comfort and remuneration, other authors equally point the fear of lawsuits 
in case of problems in the childbirth with the mother and the baby, reduction of the 
stress for having to wait long hours for the normal childbirth, what would increase 
the “risk” and, overall, the total control on the process:

It is unquestionable that the doctors have to deal with an ambiguity: they man-
age a physiological process that in most cases, as they recognize, would end well, 
regardless of their presence. The resource to the risk concept justifies the presence of 
the doctor in the assistance to the childbirth, but it also conditions their behavior, 
favoring the intervention. ([32], p434)

This is in opposition to Freidson [17], who says that the medical practice is made 
of uncertainties. In fact, everything indicates that the doctors wish to control their 
diagnostic practices and therapeutical procedures. Aiming to reduce its uncertain-
ties, the Evidence-based Medicine medical movement was inaugurated in Canada in 
1980. In this sense, evidence would be scientific proofs based on experimentation. 
This way, the doctors must be guided in their daily practice for the use of the best 
updated evidence for decision making in their practice [33].

For Uchôa and Camargo [34], Evidence-based Medicine is liable to criticism. 
Using Fleck’s study [35] as a starting point that reports how the facts are collectively 
constructed in accordance with a thought style, the authors claim:

We have chosen the hypothesis that the supposed adhesion to the transmutation of 
the “art” dimension of the medical practice – recognition and appreciation of the 
doctor’s individual experience – to the scientific one (formal logical validation to 
the medical knowledge) does not happen as a “natural” result of the cumulative 
and linear technoscientific progress, but as an option of the category for, at the same 
time, diminishing the degree of uncertainty of their choices and reaffirming their 
autonomy and social status. We start from the assumption that the decisions and 
judgments of the doctors in interaction with the other “social worlds” which deter-
mine, support, and develop their “thought style” also determine what is considered 
as valid knowledge: the scientific fact. ([34], p2241)
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Thus, according to the authors, evidence would be, for the doctors, another way 
of normatization of health, becoming sick, and living experiences.

Other fields of knowledge have also been dedicated to claim that science is not 
neutral nor exempt of values and that it presents judgments of political, economic, 
and even moral order. As Kuhn said [36]: “Science is a historical phenomenon and 
it can only be understood in its historical dimension”. According to the author, 
a philosopher of science, it must be considered the historical, sociological, and 
psychological aspects in the analysis of the scientific practice, and even a certain 
subjectivity and “irrationality”, which ultimately have a decisive role in the impos-
ing of certain theories in the detriment of others.

That is, science is only science when surrounded by the border of uncertainty, 
doubt. Despite being cumulative, the scientific knowledge is always provisional 
and relative. Nonetheless, the scientist’s common sense is peculiar, distinct from the 
ordinary person’s, but equally influenced by ideological factors. In our context, we 
can exemplify by relativizing the term “humanizing”.

“Humanization” is a term used for many decades by exponents of obstetrics in 
Brazil and the international scope. For them, interventions like narcosis and forceps 
“have humanized the assistance to childbirths” [37, 38], that is, the increasing 
medicalization of the childbirth assumes here a humanizing function.

On the other hand, as already mentioned, in the current Brazil the word “ideol-
ogy” became an accusation category related with totalitarian regimes. This is what 
we observed when the obstetricians of the mentioned event referred to the ideas 
advocating normal labor as “ideological”, when medicine only works with evidence. 
This makes a strong reference to the common sense in which the term is used as 
a set of ideas or world views of a certain group guided by social actions of politi-
cal matrix.

This way, we observe that “scientific evidence” and “ideologies” are categories 
in dispute by activists for the humanized childbirth and obstetricians in search 
of legitimacy of their discourses and practices. In this sense, this paper assumes 
that the issues linked with medicalization of the childbirth, having the cesarean as 
the main protagonist, bring to the surface scientific and political issues. Thus, we 
can say that the arguments of CREMERJ doctors in relation to C-sections are also 
permeated by ideologies.

3. Conclusions

Entities like CREMERJ mirror quite well the thought of the medical category, as 
well as have the power to influence it. When doctors use their power and establish 
conditions and limits for their practices and teaching, we are in face of ideologiza-
tion of practices and knowledge. Even with the pretext of fighting ideologies where 
they must not intervene, these doctors end up acting and thinking under ideological 
premises, becoming themselves the target of what they fight.

The scientific work is limited by the scientists’ non-scientific ideologies. On 
behalf of the religion that he/she may profess or beliefs, a scientist can curtail in 
research, suppressing research topics and problems that oppose his/her religious 
beliefs. Or, on behalf of a certain political-partisan option, even a social scientist 
can make harmful corrections of interpretation so that it does not collide with 
his/her non-scientific ideas. This does not imply that these influences can affect 
the technical and formal rigor of the scientific research in itself, because the 
interference happens previously, in the choice of topics and in the definition of 
investigation problems.
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From the anthropological point of view, the data here presented searched for an 
exercise of understanding the positions of doctors in face of the accusation of being 
the major accountable ones for the “C-sections epidemic” in Brazil. In their defense, 
they are grounded on “scientific evidence” supporting that the childbirth is a totally 
liable to medicalization and that the interference of non-medical professionals, 
midwives and obstetric nurses, and their techniques, are grounded on “ideologies”. 
However, as it was demonstrated in this work, we can observe that the excessive 
medicalization of childbirth goes beyond scientific reasons, also based on “ideolo-
gies” of a strong conservative nature and lined up with the current civil rights 
denial policy. This way, we can conclude that science is not neutral nor immune to 
sociopolitical contexts.

The activists from the humanized childbirth movement, in turn, argue that the 
C-section is a saving surgery in case of risk for the mother or baby. However, there 
are also scientific evidence suggesting that the pre-scheduled C-section, when not 
indicated by clinical reasons, causes three times more maternal deaths than the nor-
mal childbirth [39], besides increasing the risk of prematurity and neonatal death 
[40]. The fact that a great number of C-sections is accomplished in low-risk women 
and with a higher purchasing power strengthens the idea of the humanized child-
birth activists that non-clinical factors influence this choice [41, 42]. These activists 
base themselves on clinical and epidemiological literature to claim that the relation 
of maternal deaths following C-sections in low- and middle-income counties like 
Brazil are 100 times higher than in high-income countries, with up to one third of 
all babies dying, according to data based on 12 million pregnancies [43]. That is, 
activists for the humanized childbirth consistently search for scientific arguments 
to legitimize their certainties. Therefore, even though the “ideology” is undisputed, 
in the fights for the humanized childbirth the activists use scientific arguments to 
accuse the doctors of ideological practices in relation to their “preferences” for the 
cesarean.

Here we observe that the “scientific evidence” becomes an argument of defense 
and that “ideology” is a category of accusation between the two poles.

The goal of this paper is not to advocate nor to accuse one or the other pole, but 
rather to evidence interpretations of the common sense both on the part of doctors 
and activists. Neither is the goal to question the scientific arguments defended by 
both poles, but rather to assume that one of the functions of social scientists is to 
diagnose the socially problematic consequences of the scientific development itself. 
In an exercise of relativization of both poles, one of the major conclusions that this 
study assumes is that, for the doctors, the preference for the cesarean does not have 
as a major factor the economic aspects and the comfort of the scheduled proce-
dures, but rather the premise of the total control of the event of the childbirth, 
thus decreasing the uncertainties related to the unpredictability e of the events 
that surround it. This premise comes endorsed by the scientificity concerning the 
difficulty of modern women to give birth in a spontaneous way. The activists for the 
humanized childbirth, in turn, advocate for an absolute autonomy of the women 
on their childbirth, even being able, through a document called “childbirth plan”, to 
decide all the procedures that will involve the event, including the accomplishment 
or not of episiotomy, anesthesia, position of the childbirth, and home childbirth. 
It can be inferred that some excesses in front of childbirth plans restraining any 
type of medicalization can make it difficult to make necessary decisions in the 
defense of the life of the mother and the baby in face of unexpected risks during the 
childbirth.

Thus, the great challenge is the need of a greater closeness between doctors and 
activists for the humanized childbirth, without prejudices and rejection from both 
parts, so that to guarantee the quality of the obstetric assistance. For the childbirth 
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humanizing, an improvement of the relations between health professionals and 
users of the services is necessary. It is equally necessary significant transforma-
tions in the training of new obstetricians in relation to the appreciation of new 
knowledge and practices; acquisition of a more dialogic and horizontal position of 
the team with the patients; rediscussion of the excessively biological model of medi-
cine; and adoption of bigger political accountability of the managers, aiming at the 
improvement of less invasive techniques.
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