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Chapter

Prevention of Cesarean Scar 
Defects: What Is Possible?
Christian Litzka, Annegret Schnabel, 

Maria Emilia Solano and Angela Köninger

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].



Current Topics in Caesarean Section

2

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 



5

Prevention of Cesarean Scar Defects: What Is Possible?
DOI: http://dx.doi.org/10.5772/intechopen.97618

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.



Current Topics in Caesarean Section

10

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 



11

Prevention of Cesarean Scar Defects: What Is Possible?
DOI: http://dx.doi.org/10.5772/intechopen.97618

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.

© 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. 



17

Prevention of Cesarean Scar Defects: What Is Possible?
DOI: http://dx.doi.org/10.5772/intechopen.97618

References

[1] Bij de Vaate AJM, van der Voet LF, 
Naji O, Witmer M, Veersema S, 
Brolmann HAM, Bourne T, Huirne JAF. 
Prevalence, potential risk factors for 
development and symptoms related to 
the presence of uterine niches 
following Cesarean section: 
systematic review. Ultrasound Obstet 
Gynecol 2014; 43: 372-382.

[2] Jordans IPM, de Leeuw RA, 
Stegwee SI, Amso NN, 
Barri-Soldevila PN, van den Bosch T, 
Bourne T, Brölmann HAM, Donnez O, 
Dueholm M, Hehenkamp WJK, 
Jastrow N, Jurkovic D, Mashiach R, 
Naji O, Streuli I, Timmerman D, van der 
Voet LF, Huirne JAF. Sonographic 
examination of uterine niche in 
non-pregnant women: a modified 
Delphi procedure. Ultrasound Obstet 
Gynecol. 2019 Jan;53(1):107-115.

[3] Osser OV, Jokubkiene L, Valentin L. 
High prevalence of defects in 
Cesarean section scars at transvaginal 
ultrasound examination. Ultrasound 
Obstet Gynecol. 2009 Jul;34(1):90-97.

[4] Pan H, Zeng M, Xu T, Li D, Mol BWJ, 
Sun J, Zhang J. The prevalence and risk 
predictors of cesarean scar defect at 6 
weeks postpartum in Shanghai, 
China: A prospective cohort study. 
Acta Obstet Gynecol Scand. 2019 
Apr;98(4):413-422.

[5] Woźniak A, Pyra K, Tinto HR, 
Woźniak S. Ultrasonographic criteria 
of cesarean scar defect evaluation. J 
Ultrason. 2018;18(73):162-165.

[6] Park IY, Kim MR, Lee HN, Gen Y, 
Kim MJ. Risk factors for Korean 
women to develop an isthmocele after 
a cesarean section. BMC Pregnancy 
Childbirth. 2018 May 15;18(1):162.

[7] Antila-Långsjö R, Mäenpää JU, 
Huhtala H, Tomás E, Staff S. 
Comparison of transvaginal 

ultrasound and saline contrast 
sonohysterography in evaluation of 
cesarean scar defect: a prospective 
cohort study. Acta Obstet Gynecol 
Scand. 2018 Sep;97(9):1130-1136. doi: 
10.1111/aogs.13367. Epub 2018 May 29.

[8] Tang X, Wang J, Du Y, Xie M, 
Zhang H, Xu H, Hua K. Caesarean scar 
defect: Risk factors and comparison of 
evaluation efficacy between 
transvaginal sonography and magnetic 
resonance imaging. Eur J Obstet 
Gynecol Reprod Biol. 2019 Nov;242:1-6.

[9] Abacjew-Chmylko A, Wydra DG, 
Olszewska H. Hysteroscopy in the 
treatment of uterine cesarean section 
scar diverticulum: A systematic 
review. Adv Med Sci. 2017 
Sep;62(2):230-239.

[10] Roberge S, Boutin A, Chaillet N, 
Moore L, Jastrow N, Demers S, Bujold E. 
Systematic review of cesarean scar 
assessment in the nonpregnant state: 
imaging techniques and uterine scar 
defect. Am J Perinatol. 2012 
Jun;29(6):465-471.

[11] Vervoort AJ, Uittenbogaard LB, 
Hehenkamp WJ, Brölmann HA, 
Mol BW, Huirne JA. Why do niches 
develop in Caesarean uterine scars? 
Hypotheses on the aetiology of niche 
development. Hum Reprod. 2015 
Dec;30(12):2695-2702.

[12] Osser OV, Jokubkiene L, Valentin L. 
Cesarean section scar defects: 
agreement between transvaginal 
sonographic findings with and without 
saline contrast enhancement. 
Ultrasound Obstet Gynecol. 2010a 
Jan;35(1):75-83.

[13] Osser OV, Jokubkiene L, Valentin L. 
Cesarean section scar defects: 
agreement between transvaginal 
sonographic findings with and 
without saline contrast enhancement. 



Current Topics in Caesarean Section

18

Ultrasound Obstet Gynecol. 2010b 
Jan;35(1):75-83.

[14] Bij de Vaate AJ, Brölmann HA, van 
der Voet LF, van der Slikke JW, 
Veersema S, Huirne JA. Ultrasound 
evaluation of the Cesarean scar: 
relation between a niche and 
postmenstrual spotting. Ultrasound 
Obstet Gynecol. 2011 Jan;37(1):93-99.

[15] Gubbini G, Centini G, Nascetti D, 
Marra E, Moncini I, Bruni L, Petraglia F, 
Florio P. Surgical hysteroscopic 
treatment of cesarean-induced 
isthmocele in restoring fertility: 
prospective study. J Minim Invasive 
Gynecol. 2011 Mar-Apr;18(2):234-237.

[16] Timor-Tritsch IE, Monteagudo A, 
Cali G, Vintzileos A, Viscarello R, 
Al-Khan A, Zamudio S, Mayberry P, 
Cordoba MM, Dar P. Cesarean scar 
pregnancy is a precursor of morbidly 
adherent placenta. Ultrasound Obstet 
Gynecol. 2014 Sep;44(3):346-353.

[17] Rotas MA, Haberman S, Levgur M. 
Cesarean scar ectopic pregnancies: 
etiology, diagnosis, and management. 
Obstet Gynecol. 2006 Jun;107(6): 
1373-1381.

[18] Timor-Tritsch I, Buca D, Di 
Mascio D, Cali G, D'Amico A, 
Monteagudo A, Tinari S, Morlando M, 
Nappi L, Greco P, Rizzo G, Liberati M, 
Jose-Palacios-Jaraquemada, D'Antonio F. 
Outcome of cesarean scar pregnancy 
according to gestational age at diagnosis: 
A systematic review and meta-analysis. 
Eur J Obstet Gynecol Reprod Biol. 2021 
Mar;258:53-59.

[19] Calì G, Timor-Tritsch IE, 
Palacios-Jaraquemada J, 
Monteaugudo A, Buca D, Forlani F, 
Familiari A, Scambia G, Acharya G, 
D'Antonio F. Outcome of Caesarean 
scar pregnancy managed expectantly: 
systematic review and meta-analysis. 
Ultrasound Obstet Gynecol 
2018;51(2):169-175.

[20] Maheux-Lacroix S, Li F, Bujold E, 
Nesbitt-Hawes E, Deans R, Abbott J. 
Caesarean Scar Pregnancies: A 
Systematic Review of Treatment 
Options. Minim Invasive Gynecol 
2017;24(6):915-925.

[21] Vikhareva Osser O, Valentin L. Risk 
factors for incomplete healing of the 
uterine incision after caesarean 
section. BJOG. 2010 
Aug;117(9):1119-1126.

[22] Kok N, Wiersma IC, Opmeer BC, de 
Graaf IM, Mol BW, Pajkrt E. 
Sonographic measurement of lower 
uterine segment thickness to predict 
uterine rupture during a trial of labor 
in women with previous Cesarean 
section: a meta-analysis. Ultrasound 
Obstet Gynecol. 2013 
Aug;42(2):132-139.

[23] Ryo E, Sakurai R, Kamata H, 
Seto M, Morita M, Ayabe T. Changes in 
uterine flexion caused by cesarean 
section: correlation between post-
flexion and deficient cesarean section 
scars. J Med Ultrason (2001). 2016 
Apr;43(2):237-242.

[24] Chen Y, Han P, Wang YJ, Li YX. 
Risk factors for incomplete healing of 
the uterine incision after cesarean 
section. Arch Gynecol Obstet. 2017 
Aug;296(2):355-361. doi: 10.1007/
s00404-017-4417-6. Epub 2017 Jun 6.

[25] Antila- Långsjö RM, Mäenpää JU, 
Huhtala HS, et al. Cesarean scar defect: 
a prospective study on risk factors. 
Am J Obstet Gynecol 2018; 219:458.
e1-458.e8.

[26] Kremer TG, Ghiorzi IB, Dibi RP. 
Isthmocele: an overview of diagnosis 
and treatment. Rev Assoc Med Bras 
(1992). 2019 Jun 3;65(5):714-721.

[27] Bérubé L, Arial M, Gagnon G, 
Brassard N, Boutin A, Bujold E. Factors 
associated with lower uterine segment 
thickness near term in women with 



19

Prevention of Cesarean Scar Defects: What Is Possible?
DOI: http://dx.doi.org/10.5772/intechopen.97618

previous caesarean section. J Obstet 
Gynaecol Can. 2011 Jun;33(6):581-587.

[28] Vachon-Marceau C, Demers S, 
Bujold E, Roberge S, Gauthier RJ, 
Pasquier JC, Girard M, Chaillet N, 
Boulvain M, Jastrow N. Single versus 
double-layer uterine closure at 
cesarean: impact on lower uterine 
segment thickness at next pregnancy. 
Am J Obstet Gynecol. 2017 Jul;217(1):65.
e1-65.e5.

[29] Jastrow N, Gauthier RJ, Gagnon G, 
Leroux N, Beaudoin F, Bujold E. Impact 
of labor at prior cesarean on lower 
uterine segment thickness in 
subsequent pregnancy. Am J Obstet 
Gynecol. 2010 Jun;202(6):563.e1-563.e7.

[30] Downes KL, Hinkle SN, Sjaarda LA, 
Albert PS, Grantz KL. Previous 
prelabor or intrapartum cesarean 
delivery and risk of placenta previa. 
Am J Obstet Gynecol. 2015 
May;212(5):669.e1-669.e6. doi: 10.1016/j.
ajog.2015.01.004.

[31] Algert CS, Morris JM, Simpson JM, 
Ford JB, Roberts CL. Labor before a 
primary cesarean delivery: reduced 
risk of uterine rupture in a subsequent 
trial of labor for vaginal birth after 
cesarean. Obstet Gynecol. 2008 
Nov;112(5):1061-1066.

[32] Shi XM, Wang Y, Zhang Y, Wei Y, 
Chen L, Zhao YY. Effect of Primary 
Elective Cesarean Delivery on Placenta 
Accreta: A Case-Control Study. Chin 
Med J (Engl) 2018 Mar 
20;131(6):672-676.

[33] Vikhareva O, Rickle GS, Lavesson T, 
Nedopekina E, Brandell K, Salvesen KÅ. 
Hysterotomy level at Cesarean section 
and occurrence of large scar defects: a 
randomized single-blind trial. 
Ultrasound Obstet Gynecol. 2019 
Apr;53(4):438-442.

[34] Hanacek J, Vojtech J, Urbankova I, 
Krcmar M, Křepelka P, Feyereisl J, 

Krofta L. Ultrasound cesarean scar 
assessment one year postpartum in 
relation to one- or two-layer uterine 
suture closure. Acta Obstet Gynecol 
Scand. 2020

[35] Kamel R, Kaelin Agten A, Noel L, 
Eissa T, Sharaf M, Negm S, 
Thilaganathan B. Position and integrity 
of the uterine scar is determined by 
cervical dilation at the time of 
Caesarean section. Ultrasound Obstet 
Gynecol. 2021 Mar;57(3):466-470.

[36] Roberge S, Demers S, Girard M, 
Vikhareva O, Markey S, Chaillet N, 
Moore L, Paris G, Bujold E. Impact of 
uterine closure on residual 
myometrial thickness after cesarean: a 
randomized controlled trial. Am J 
Obstet Gynecol. 2016 Apr;214(4):507.
e1-507.e6.

[37] Di Spiezio Sardo A, Saccone G, 
McCurdy R, Bujold E, Bifulco G, 
Berghella V. Risk of Cesarean scar defect 
following single- vs double-layer uterine 
closure: systematic review and meta-
analysis of randomized controlled trials. 
Ultrasound Obstet Gynecol. 2017

[38] Bamberg C, Hinkson L, 
Dudenhausen JW, Bujak V, Kalache KD, 
Henrich W. Longitudinal transvaginal 
ultrasound evaluation of cesarean scar 
niche incidence and depth in the first 
two years after single- or double-layer 
uterotomy closure: a randomized 
controlled trial. Acta Obstet Gynecol 
Scand. 2017 Dec;96(12):1484-1489.

[39] Stegwee SI, Jordans I, van der 
Voet LF, van de Ven PM, Ket J, 
Lambalk CB, de Groot C, 
Hehenkamp W, Huirne J. Uterine 
caesarean closure techniques affect 
ultrasound findings and maternal 
outcomes: a systematic review and 
meta-analysis. BJOG. 2018 
Aug;125(9):1097-1108.

[40] Bujold E, Goyet M, Marcoux S, 
Brassard N, Cormier B, Hamilton E, 



Current Topics in Caesarean Section

20

Abdous B, Sidi EAL, Kinch R, Miner L, 
Masse A, Fortin C, Gagné GP, Fortier A, 
Bastien G, Sabbah R, Guimond P, 
Roberge S, Gauthier RJ. The role of 
uterine closure in the risk of uterine 
rupture. Obstet Gynecol. 2010 
Jul;116(1):43-50.

[41] Roberge S, Chaillet N, Boutin A, 
Moore L, Jastrow N, Brassard N, 
Gauthier RJ, Hudic I, Shipp TD, 
Weimar CH, Fatusic Z, Demers S, 
Bujold E. Single- versus double-layer 
closure of the hysterotomy incision 
during cesarean delivery and risk of 
uterine rupture. Int J Gynaecol Obstet. 
2011 Oct;115(1):5-10.

[42] Hesselman S, Högberg U, 
Ekholm-Selling K, Råssjö EB, 
Jonsson M. The risk of uterine rupture 
is not increased with single- compared 
with double-layer closure: a Swedish 
cohort study. BJOG. 2015 
Oct;122(11):1535-1541.

[43] Bamberg C, Dudenhausen JW, 
Bujak V, Rodekamp E, Brauer M, 
Hinkson L, Kalache K, Henrich W. A 
Prospective Randomized Clinical 
Trial of Single vs. Double Layer 
Closure of Hysterotomy at the Time of 
Cesarean Delivery: The Effect on 
Uterine Scar Thickness. Ultraschall 
Med. 2018 Jun;39(3):343-351.

[44] Roberge S, Demers S, Berghella V, 
Chaillet N, Moore L, Bujold E. Impact 
of single- vs double-layer closure on 
adverse outcomes and uterine scar 
defect: a systematic review and 
metaanalysis. Am J Obstet Gynecol. 
2014 Nov;211(5):453-460.

[45] Sumigama S, Sugiyama C, Kotani T, 
Hayakawa H, Inoue A, Mano Y, 
Tsuda H, Furuhashi M, Yamamuro O, 
Kinoshita Y, Okamoto T, Nakamura H, 
Matsusawa K, Sakakibara K, Oguchi H, 
Kawai M, Shimoyama Y, Tamakoshi K, 
Kikkawa F. Uterine sutures at prior 
caesarean section and placenta accreta 
in subsequent pregnancy: a 

case-control study. BJOG. 2014 
Jun;121(7):866-874; discussion 875.

[46] Ceci O, Cantatore C, Scioscia M, 
Nardelli C, Ravi M, Vimercati A, 
Bettocchi S. Ultrasonographic and 
hysteroscopic outcomes of uterine 
scar healing after cesarean section: 
comparison of two types of single-
layer suture. J Obstet Gynaecol Res. 
2012 Nov;38(11):1302-1307.

[47] Stegwee SI, van der Voet LF, Ben AJ, 
de Leeuw RA, van de Ven PM, 
Duijnhoven RG, Bongers MY, 
Lambalk CB, de Groot C, Huirne J; 
2Close study group. Effect of single- 
versus double-layer uterine closure 
during caesarean section on 
postmenstrual spotting (2Close): 
multicentre, double-blind, 
randomised controlled superiority 
trial. BJOG. 2021 Apr;128(5):866-878.

[48] Antoine C, Pimentel RN, Reece EA, 
Oh C. Endometrium-free uterine 
closure technique and abnormal 
placental implantation in subsequent 
pregnancies. J Matern Fetal Neonatal 
Med. 2019 Oct 3:1-9.

[49] Yazicioglu F, Gokdogan A, 
Kelekci S, Aygun M, Savan K. 
Incomplete healing of the uterine 
incision after caesarean section: Is it 
preventable? Eur J Obstet Gynecol 
Reprod Biol. 2006 Jan 1;124(1):32-36.

[50] Hayakawa H, Itakura A, Mitsui T, 
Okada M, Suzuki M, Tamakoshi K, 
Kikkawa F. Methods for myometrium 
closure and other factors impacting 
effects on cesarean section scars of the 
uterine segment detected by the 
ultrasonography. Acta Obstet Gynecol 
Scand. 2006;85(4):429-434.

[51] https://www.awmf.org/leitlinien/
detail/ll/015-084.html (Feb 16th, 2021)

[52] Vervoort A, van der Voet LF, 
Hehenkamp W, Thurkow AL, van 
Kesteren P, Quartero H, 



21

Prevention of Cesarean Scar Defects: What Is Possible?
DOI: http://dx.doi.org/10.5772/intechopen.97618

Kuchenbecker W, Bongers M, 
Geomini P, de Vleeschouwer L, 
van Hooff M, van Vliet H, Veersema S, 
Renes WB, Oude Rengerink K, 
Zwolsman SE, Brölmann H, Mol B, 
Huirne J. Hysteroscopic resection of a 
uterine caesarean scar defect (niche) in 
women with postmenstrual spotting: a 
randomised controlled trial. BJOG. 2018 
Feb;125(3):326-334.

[53] Cheong YC, Premkumar G, 
Metwally M, Peacock JL, Li TC. To close 
or not to close? A systematic review and 
a meta-analysis of peritoneal non-
closure and adhesion formation after 
caesarean section. Eur J Obstet Gynecol 
Reprod Biol. 2009 Nov;147(1):3-8.

[54] Dawood AS, Elgergawy A, 
Elhalwagy A, Ataallah WM, 
Elbohoty SB, Elshwaikh SL, 
Elsokary AA, Elkhyat AM, Elbadry AT, 
Abbas AM. The impact of mechanical 
cervical dilatation during elective 
cesarean section on postpartum  
scar integrity: a randomized double-
blind clinical trial. Int J Womens 
Health. Int J Womens Health. 2019 Jan 
10;11:23-29.

[55] Sherman D, Lurie S, Betzer M, 
Pinhasi Y, Arieli S, Boldur I. Uterine 
flora at cesarean and its relationship 
to postpartum endometritis. Obstet 
Gynecol. 1999 Nov;94(5 Pt 1):787-791.

[56] Kirscht J, Weiss C, Nickol J, Berlit S, 
Tuschy B, Hoch B, Trebin AV, 
Große-Steffen T, Sütterlin M, Kehl S. 
Dilatation or no dilatation of the 
cervix during cesarean section  
(Dondi Trial): a randomized 
controlled trial. Arch Gynecol Obstet. 
2017 Jan;295(1):39-43.

[57] Liabsuetrakul T, Peeyananjarassri K. 
Mechanical dilatation of the cervix 
during elective caeserean section 
before the onset of labour for reducing 
postoperative morbidity. Cochrane 
Database Syst Rev. 2018 Aug 
10;8(8):CD008019.

[58] Evans J, Salamonsen LA, Winship A, 
Menkhorst E, Nie G, Gargett CE, 
Dimitriadis E. Fertile ground: human 
endometrial programming and lessons 
in health and disease. Nat Rev 
Endocrinol. 2016 Nov; PMID: 27448058

[59] Köninger A, Rusch P, Kimmig R. 
Successful myometrial closure over 
protruding Cesarean scar pregnancy. 
Ultrasound Obstet Gynecol. 
2020 Jun 30.

[60] Stanley R, Ohashi T, Mowa C. 
Postpartum cervical repair in mice: a 
morphological characterization and 
potential role for angiogenic factors. 
Cell Tissue Res. 2015 Oct;362(1):253-63.

[61] Jauniaux E, Grønbeck L, Bunce C, 
Langhoff-Roos J, Collins SL. 
Epidemiology of placenta previa accreta: 
a systematic review and meta-analysis. 
BMJ Open. 2019; Nov

[62] Carr BR, Parker CR Jr, Madden JD, 
MacDonald PC, Porter JC. Maternal 
plasma adrenocorticotropin and cortisol 
relationships throughout human 
pregnancy. Am J Obstet Gynecol. 1981 
Feb 15;139(4):416-22.

[63] Solano ME, Arck PC. Steroids, 
Pregnancy and Fetal Development. 
Front Immunol. 2020 Jan 22;10:3017.

[64] Green ES, Arck PC. Pathogenesis of 
preterm birth: bidirectional 
inflammation in mother and fetus. 
Semin Immunopathol. 2020 
Aug;42(4):413-429.

[65] Romero R, Dey SK, Fisher SJ. 
Preterm labor: one syndrome, many 
causes. Science. 2014 Aug 
15;345(6198):760-5.

[66] Murphy K, Travers P, Walport M & 
Janeway C. Janeway’s immunobiology. 
2008. New York: Garland Science.

[67] Kono H, Onda A, Yanagida T. 
Molecular determinants of sterile 



Current Topics in Caesarean Section

22

inflammation. Curr Opin Immunol. 
2014 Feb;26:147-56.

[68] Julier Z, Park AJ, Briquez PS, 
Martino MM. Promoting tissue 
regeneration by modulating the immune 
system. Acta Biomater. 2017 Apr 
15;53:13-28.

[69] Horst AK, Najjar SM, Wagener C, 
Tiegs G. CEACAM1 in Liver Injury, 
Metabolic and Immune Regulation. Int J 
Mol Sci. 2018 Oct 11;19(10):3110.

[70] Delacher M, Imbusch CD, 
Hotz-Wagenblatt A, Mallm JP, Bauer K, 
Simon M, Riegel D, Rendeiro AF, 
Bittner S, Sanderink L, Pant A, 
Schmidleithner L, Braband KL, 
Echtenachter B, Fischer A, 
Giunchiglia V, Hoffmann P, Edinger M, 
Bock C, Rehli M, Brors B, Schmidl C, 
Feuerer M. Precursors for Nonlymphoid-
Tissue Treg Cells Reside in Secondary 
Lymphoid Organs and Are Programmed 
by the Transcription Factor BATF. 
Immunity. 2020 Feb 
18;52(2):295-312.e11.

[71] Sağsöz H, Liman N, Alan E. 
Expression of vascular endothelial 
growth factor receptors and their 
ligands in rat uterus during the 
postpartum involution period. Biotech 
Histochem. 2015 Jul;90(5):361-74. 
Solano ME, Arck PC. Front Immunol. 
2020 Jan 22;10:3017.

[72] Yoshii A, Kitahara S, Ueta H, 
Matsuno K, Ezaki T. Role of uterine 
contraction in regeneration of the 
murine postpartum endometrium. Biol 
Reprod. 2014 Aug;91(2):32.

[73] Strug MR, Su RW, Kim TH, 
Mauriello A, Ticconi C, Lessey BA, 
Young SL, Lim JM, Jeong JW, 
Fazleabas AT. RBPJ mediates uterine 
repair in the mouse and is reduced in 
women with recurrent pregnancy loss. 
FASEB J. 2018 May;32(5):2452-2466.


