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ABSTRACT

Caesarean delivery results in the formation of a uterine scar. Inadequate scar healing and subsequent formation of an
incompetent uterine scar tissue are common complications that may lead to the abnormal uterine bleeding, painful menstrual
periods, and secondary infertility. In pregnant women, an incompetent scar may cause life-threatening complications, such
as uterine rupture at any gestational age or placenta increta at the scar level.

Given the potential dangers of uterine scars, numerous recent studies have focused on identifying risk factors and understanding
the pathophysiology of incompetent scar formation, as well as developing diagnostic methods. Early diagnosis is essential
in maintaining women's health and well-being and preventing complications in subsequent pregnancies. Unfortunately, there
is currently neither exact understanding of the pathophysiological mechanism of uterine scar formation, nor unambiguous
guidelines on some aspects of its diagnosis after caesarean section.
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Py6eu, Ha MaTKe nocjse onepaluuvu Kecapeea ceyeHus:
MPUHLUNDbI 3aXXUBJIeHUA, KPUTEPUU OLLeHKHU
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AHHOTALMA

lMocnepctaneM ornepaLuu Kecapesa ce4yeHUa ABndeTca 06pa3OBaHme py6ua Ha MaTKe. HeafieKBaTHOe 3a)KuBJiEHME pYGLl,OB
unnocnepywulee qJOpMVIpOBaHVIE HEeCOCTOATEeJIbHOCTU pYGLLOBOVI TKaHW Ha MaTKe ABJIAKTCA paCHDOCTpaHéHHbIMM O0CJ10XKHEHU-
AMU, KOTOPblEe MOTYT NPOABNATLCA B BUE aHOMAJIbHbIX MaTOYHbIX KpOBOTe‘-IeHVIVI, B0N1e3HEHHbIX MEHCpraLI,VIVI M BTOpPUYHOTIO
becnnoaus. Y 6ep9MEHHbIX Hannyune pY6LI,OBOF0 }J,quEKTa MOJKET DbITb acCouUnMpoBaHO C NOTeHUManbHO OrnacHbIMU ONA Xn3-
HU OCJTOXKHEHUAMU, HanpuMep, pa3pbiBOM MATKU Ha NoboM CpoKe rectauuun nnun spactaHnemM nnaueHTbl B py6eu,.

B cBf3n ¢ noTeHUManbHLIMKU OMACHBIMW MOCNEACTBUAMU, CBA3AHHLIMU C HaNM4MEM pyﬁua Ha MatKe, B nocjsegHue roabl
npoBefeHbl MHOIO4YMC/IEeHHbIE nccnenoBaHua, UsyyarwLlne CIJaKTOPbI PUCKa un I'IaT0dJVI3VIOJ'IOFVI‘-IECKVIe OCHOBbI 06paBOBaHVIFI
pY6LI,0BOI'0 JJ,GCIJGKTa Ha MatKe, a TaKXe UCCneaoBaHuA, HarnpasJieHHble Ha n3yyeHne MeTonoB AUArHOCTUKWU. PaHHss guar-
HOCTUKa Heobxoauma ans noaaepxaHua 300poBba U 6J'IaFOI'IOﬂy‘-IVIFI HEHLWHbI, a TaKXe ANnA npeaoTepalleHua pasButua
OC/OXHEHUN B cnenyownx GEPEMEHHOCTHX. K coxaneHuto, B HacTosiLLee BpeMA HeT YETKOr0 NOHWMMaHWA namcl)mmono—
rMyeckoro MexaHu3ma 06pa3OBaHMﬂ py6u,a Ha MaTKe, a TakXXe 0[HO3Ha4HbIX pEKOMEH,U,aU,Mﬁ Nno HEeKOTOpbIM acneKkTaM ero
ONArHoCTUKKM nocrie Kecapesa CevYeHus.

KnioueBbie cnoea: KecapeBo CeyeHue, pY6EU, Ha MaTKe; HWULLA; YNbTPa3ByKoBaA AMarH0CTuKa.
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BACKGROUND

Caesarean section (CS), which was avoided just over
a century ago due to alarming maternal mortality rates, is
now the most common surgical procedure. In the Russian
Federation in 2020, there were 423,000 CS births, or one
in every three births [1]. From 1990 to 2014, the rate of
CS surgery increased by an average of 12.4% (from 6.7%
to 19.1%), according to a trend analysis of data from
121 countries. The annualized growth rate is 4.4% [2] despite
attempts at vaginal delivery after previous CS [2]. In the
Russian Federation, the prevalence of CS was 29.2% in 2017
and 30.1% in 2018 [1]. It is natural to ask what complications
can develop after CS and how to diagnose them.

Inadequate uterine healing followed by caesarean scar
dehiscence is a common complication of CS. In recent years,
several published studies have shown that a caesarean scar
defect increases the risk of hemorrhage, placenta previa,
and placenta accreta [3]. A history of CS is also a risk
factor for uterine rupture, which is associated with adverse
maternal and perinatal outcomes [4, 5]. Although CS is a safe
procedure, clinicians have reported an increasing number
of complications over the past two decades [2, 6]. In 1999
Thurmond et al. first suggested [7] that these symptoms
might be related to caesarean scar. In a later prospective
cohort study, van der Voet et al. showed that the prevalence
of caesarean scar dehiscence after the first CS in a group
of 263 women was 49.6% when assessed by transvaginal
ultrasound examination and 64.5% when assessed by
sonohysterography at 6—12 weeks [8].

Rotas et al. reported a consecutive pregnancy after the
first CS in approximately 52% of cases [9, 10]. Pregnancy
outcome depended on the caesarean scar status.

In addition, caesarean section scar can be a reason
for infertility [11]. Ohashi et al. showed that the number
of subsequent childbirths (regardless of delivery mode)
was 2% lower in the CS group than in the vaginal delivery
group [11].

Despite a large number of studies on caesarean scar
defects, only in 2019 the European society proposed an
internationally accepted definition of a caesarean scar
dehiscence as an anatomical defect of the anterior uterine
body wall in the scar area with a thinning of the myometrium
by at least 2 mm [12]. However, the criteria for caesarean
scar dehiscence are still controversial [13].

The exact prevalence of caesarean scar defect is
unknown, ranging from 19.7% to 100.0% [12], and seems to
depend on the definition used, study design, risk factors, and
diagnostic modality.

These data highlight the importance of the diagnosis and
management of patients with caesarean scar, as well as the
evaluation of the principles of uterine tissue healing and the
factors of caesarean scar dehiscence.
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PATHOPHYSIOLOGY OF THE CAESAREAN
SCAR

The wound-healing process involves inflammation,
proliferation, and remodeling of injured tissue to form scar
tissue [5]. This process relies on a complex and extensive
interaction of growth factors and cytokines that regulate the
synthesis of various cell types [5].

Most authors believe that the lower uterine myometrium is
healed by caesarean scar formation, but the size and residual
thickness of the myometrium varies greatly depending on the
exact location of the scar [14].

Uterine incision during CS leads to excessive fibroblast
activation and continuous collagen secretion [5]. Excessive
collagen deposition prevents proliferation, differentiation, and
migration of native uterine cells and induces the myometrial
scar formation [15]. Hyperproliferation is often induced by
the dysregulation of growth factors and cytokines during the
remodeling process, leading to the scar tissue formation.

Roeder et al. evaluated histopathology of iatrogenic trauma
(CS) to the myometrium as an initial approach to assessing
changes in human uterine tissue healing [14]. Histology of
lower uterine myometrial scars showed not only the expected
fibrous scar tissue, but also the affected myofibril structure
manifested by the arrangement of myometrial smooth muscle
cells perpendicular to the surface of the endometrium,
elastosis, tissue edema, and inflammation [14]. Small
fibroids, myometrial hyperplasia, keloid-like scars, and
adenomyosis were also observed, which may be markers of
impaired uterine tissue healing.

In vivo studies show that heterogeneous myometrial
remodeling after surgery depends on both phenotype and
genotype [16, 17]. Buhimschi et al. studied myometrial
healing post-caesarean delivery using two mouse strains
with different wound healing and collagen remodeling
characteristics: MRL/MpJ(+/+) as a “high-healer” phenotype
and C57BLl/6 as a “low-healer” phenotype [16]. Histologically,
significant differences in wound healing were reported
between the two mouse strains, suggesting that differences
in regenerative capacity result in histological, mitotic, and
functional differences in the hiomechanical properties of
scarred myometrium after CS.

Uterine wound healing process involves many cells:
endothelial cells, neutrophils, monocytes/macrophages,
lymphocytes, fibroblasts, myometrial cells as well a stem cell
population found in the myometrium, myoSP (side population
of myometrial cells) [17]. Lofrumento et al. showed that a
higher ratio of transforming growth factor isoforms 1 and
B3 (TGF-B1/B3) reduced scarring and fibrosis. Impaired
expression of connective tissue growth factor (CTGF) may be
a factor of abnormal caesarean scars of the lower uterine
segment and caesarean scar dehiscence [17]. Basic fibroblast
growth factor (bFGF) deficiency results in decreased collagen
deposition at the wound site and thicker scars. In addition,
changes in the expression of tumor necrosis factor alpha
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(TNF-a), vascular endothelial growth factor (VEGF), and
platelet-derived growth factor (PDGF) in myometrial smooth
muscle cells were observed with cervical dilation. This
change is thought to be involved in the healing process.

Monavarian et al. provided an update on strategies for
scar-free wound healing, considering the role of various
cell types, growth factors, cytokines, and extracellular
components [18]. In scar-free wound healing, interleukin-6
(IL-6) levels were decreased, while interleukin-10 (IL-10)
and epidermal growth factor (EGF) levels were increased.
TGF-B3 expression was significantly increased and TGF-p1
expression was decreased, which further clarified the
mechanism of scar-free wound healing.

An interesting study by Yao et al. found that stem cell-
derived exosomes (Exo) derived from bone marrow
mesenchymal stem cells (BMSCs) could promote endometrial
repair via the TGF-B1/Smad signaling pathway [19]. TGF-B
was also shown to increase the proliferative capacity of
endometrial and muscle cells, promote microvascular
regeneration, and restore the ability of the endometrium to
implant and support the development of embryos to a viable
stage through the transplantation of bone marrow-derived
mesenchymal stem cell (BM-MSC) constructs. Further study
of TGF-B, its downstream signaling, and the role of signals
may provide new therapeutic targets to reduce the incidence
of caesarean scar dehiscence [5].

Connective tissue growth factor (CTGF) was also shown
to stimulate adhesion of certain cell types, including
human vascular endothelial cells, lung epithelial cells, and
fibroblasts [5]. The CTGF-mediated adhesion is induced
by phosphorylation of focal adhesion kinase protein when
CTGF binds to various cell surface molecules, including
fibrinoconnectin, cell surface proteoglycans, and integrins,
resulting in increased focal adhesion [5]. In addition, CTGF can
stimulate the production of TGF-B and vascular endothelial
growth factor (VEGF) [5, 20]. Pollio et al. confirmed that
CTGF may be the cause of abnormal scar formation in the
lower uterine segment after caesarean delivery, as well as
the cause of uterine rupture through changes in granulation
tissue development and angiogenesis [20]. In another study,
Sun et al. concluded that regulation of CTGF could improve
granulation tissue growth and angiogenesis, and ultimately
improve scarring [5].

Based on preclinical studies, IL-10 was proposed as an
alternative for scar healing [5]. When comparing skin and soft
tissue defects in IL-10 knockout mice and wild-type controls,
IL-10 was found to promote wound healing and reduce
scarring by inhibiting the inflammatory response. King et al.
found that IL-10 could prevent scar formation by inhibiting the
synthesis of IL-6, IL-8, and TGF-B [21]. However, there were
some negative findings: higher serum IL-10 levels were also
associated with endometriosis [22]. Based on these results,
it is reasonable to believe that uterine incision healing and
scar formation may be improved by regulating IL-10 levels.
However, several factors need to be considered [5].
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Wound healing is a complex, highly controlled process
that requires coordinated activity of cellular factors involved.
Changes at any stage can disrupt the healing process.

PATIENT-RELATED FACTORS
IN TISSUE HEALING

Tissue healing is a complex biological process that
depends on many factors, including patient-related factors
that affect the rate and outcome of healing, such as genetic
predisposition, obesity, pre-eclampsia, medical conditions
such as arterial hypertension [12, 23].

In the study by Vervoort et al., the majority of patients
evaluated for laparoscopic repair of large scar defects had a
retroverted uterus [23]. This is supported by two studies that
reported a higher incidence of caesarean scar dehiscence in
women with a retroverted uterus, although the study design in
these cases did not include determination of uterine position
prior to CS [24]. The question what came first remains
unresolved: the retroverted uterus causing inadequate scar
healing or the scar causing the retroverted uterus. One
possible hypothesis to explain this finding was related to
incomplete wound healing caused by the retroverted uterus
position affecting vascular perfusion [23], although other data
[12] challenged this hypothesis.

In addition, it is important to consider factors that are
known to affect wound healing and are reliably associated
with a higher incidence of caesarean scar dehiscence. These
factors include diabetes mellitus, body mass index (BMI),
smoking, and maternal age [12].

Herstad et al. showed that the number of operative
deliveries and the risk of maternal complications increased
with increasing maternal age [25].

The prevalence of medical conditions (hypertension,
diabetes mellitus) is increasing every year [26]. A meta-
analysis by Martin et al. found a significant association
between diabetes mellitus and surgical wound infection in
different types of interventions [26]. In patients with diabetes
mellitus, there was a clear association between impaired
wound healing and excessive neutrophil extracellular
traps (NETs) produced by neutrophils infiltrating the
wound tissue [27]. NETs are composed of DNA coated with
citrullinated histones and antimicrobial peptides released
by neutrophils with higher expression of peptidyl arginine
deiminase type-4 (PADI4) and calcium [27]. Their physiological
role is to rapidly and non-specifically bind and neutralize
pathogens [27]. Hyperglycemia is thought to increase the
already elevated baseline level of NETosis in patients with
diabetes mellitus, thereby exacerbating its adverse effects
and potentially interfering with caesarean scar healing.

Patients with the above diseases depend on daily
medications for their treatment. Stuermer et al. investigated
the effects of various antihypertensive agents on wound
healing [28]. Antihypertensive agents are shown to affect
keratinocytes and fibroblasts. Angiotensin-converting enzyme
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inhibitors and thiazide diuretics delayed wound healing in 3D
organotypic models; beta-receptor blockers seem to improve
wound healing to a small extent just like calcium channel
blockers [28].

Objective evidence shows that obesity is associated with
some postoperative complications. In wound healing, these
factors include adipose tissue anatomy, circulatory failure,
altered cellular composition, altered immune mediators, and
nutritional deficiencies [29].

In obesity, an increase in adipose tissue can lead to hypoxia
that can trigger inflammation, fibrosis, and insulin resistance
[29, 30]. In addition to the overexpression of collagen VI
(colb), obesity is associated with increased expression of
11f3-hydroxysteroid dehydrogenase type 1 (11f3HSD1) [30].
Due to the impaired adipose tissue angiogenesis, hypoxia and
hypoxia-inducible factor 1-alpha (HIF 1a) levels increase [31],
which induces local inflammation and fibrosis by activating
lysyl oxidase (LOX) to cross-link collagen I and Il [29, 31].
Therefore, overexpression of these factors impairs wound
healing by suppressing angiogenesis, a process essential
for repairing the wound vasculature, and promotes the
progression of hypoxia and fibrosis in obesity. Other proposed
mechanisms of microcirculatory impairment by excessive
adiposity include reduced nitric oxide availability, leading
to decreased vascular density and impaired blood flow, and
long-term elevation of blood free fatty acid levels due to
increased adipose mass, which impairs capillary filling [30].

Smoking significantly alters neutrophil functions such as
chemotaxis, phagocytosis, and inflammatory response [32].
Aspera-Werz et al. evaluated the effect of smoking on
wound healing and tissue infection as major complications
in smokers [32]. Pathogen defense mechanisms are altered
in smokers due to higher neutrophil levels than in non-
smokers, while higher PADI4 expression is associated with
higher complication rates.

Taken together, these data support the multifactorial
nature of caesarean scar dehiscence, likely due to a
combination of surgical, anatomical (inadequate blood supply
and retroverted uterus), and patient-related factors.

HYPOTHESES ON THE MECHANISMS
OF CAESAREAN SCAR DEHISCENCE

The odds ratio for caesarean scar dehiscence in women
with a history of CS is approximately 2.0, and the CS rate in
the general population is approximately 35% [33]. Tang et
al. found statistically significant risk factors for development
of caesarean scar defect in women with and without CS,
including uterine position, age at time of CS, duration of CS,
stage of labor when CS was performed, suturing technique,
intraoperative blood loss (p <0.01 in all cases). There were
no significant differences between the two groups in terms of
age, number of CSs, and type of anesthesia (p > 0.05).

Bij de Vaate et al. identified three main groups of risk
factors for caesarean scar dehiscence: those related to the
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formation of the lower uterine segment/level of uterine
incision, those related to the uterine closure technique, and
those related to wound healing [16]. The authors also identify
a fourth group of factors that include medical conditions,
smoking, age, BMI, parity, multifetal gestation, time of CS,
burdened obstetric and gynecologic history.

Vervoort A et al. suggested that factors of caesarean
scar dehiscence should be divided into only in two instead
of four groups: surgery-related factors and patient-related
factors [23].

CAESAREAN SCAR:
CURRENT DIAGNOSTIC CRITERIA

The literature describes several diagnostic modalities,
including two- and three-dimensional transvaginal ultrasound
examination with or without saline/gel contrast enhancement
as the main diagnostic modality [12]. The use of magnetic
resonance imaging (MRI) [12], computed tomography [6],
hysteroscopy, and sonohysterography [23] is also described.

It should be noted that the maximum thickness of a
caesarean section scar predicting a higher risk of scar
rupture has not been established [3].

Jordans et al. used a modified Delphi procedure to
provide updated guidelines for ultrasound evaluation of
scar defects [34]. Most experts agreed that caesarean scar
dehiscence should be defined as a depression at the site of
the caesarean scar of at least 2 mm in depth [34]. In addition,
it is also recommended to identify a complex caesarean scar
with additional defects.

The study identified clinically relevant parameters such
as length, depth and thickness at the scar apex (residual
myometrial thickness, RMT), adjacent myometrial thickness
(AMT) and width, the distance from the defect to the
vesicovaginal fold (VV) (an artificial triangular fold between
the bladder, vagina, and cervix that is visualized by placing
the transvaginal probe in the anterior vaginal fornix), and
the distance from the scar defect to the external cervical os
[34]. It was decided to measure length, depth and RMT in the
sagittal plane. The transverse plane was deemed adequate
for quantifying the width of the scar defect and identifying
branches. Repeated depth and RMT measurements using
this plane were not recommended. Length, depth, and width
should be measured in the plane where these parameters
are largest. RMT should be measured in the sagittal plane
where the scar defect has the lowest RMT. Therefore,
for simple scars, all measurements can be performed
in one plane, while complex scars may require multiple
planes [34].

It should be noted that Osser et al. previously showed
that RMT and the RMT/AMT ratio were the ultrasound criteria
that best differentiated defects classified as hysterotomy scar
dehiscence by an ultrasound examiner in women after a first
CS [35]. Optimal RMT for predicting large defects after first
CS was reported to be less than 2.5 mm.
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Verberkt et al. noted that Doppler ultrasound is not
mandatory for standard scar measurements; however, it may
be a useful tool for differential diagnosis [36].

The use of MRI to diagnose scar dehiscence is an emerging
area of both clinical and research interest. Although there are
currently no guidelines for its use, the advantages of MRI
in pelvic evaluation include lower interobserver variability
and higher soft tissue contrast enhancement compared to
ultrasound and [37]. Nair et al. showed that T2-weighted MRI
images better assessed RMT [6]. Donnez et al. compared
the histological features of the scar with preoperative
MRI findings [37]. Histological RMT measurements were
comparable to preoperative MRI findings: 1.40+0.77 mm vs.
1.4£0.7 mm [37].

Tang et al. compared 147 scar defects assessed by MRI;
the mean depth and length were significantly greater than
those measured by ultrasound [33].

CONCLUSION

Uterine incision healing is a complex process involving
many steps. In recent years, significant progress has been
achieved in understanding the molecular mechanisms
involved. Special attention is paid to the involvement of
TGF-B, CTGF, bFGF, PDGF, VEGF, IL-6 and IL-10 in the
etiology of wound healing and the interaction between
these growth factors and cytokines that collectively
regulate different steps of healing. However, there are
still unknown molecular mechanisms of uterine incision
healing that require further investigation, as caesarean
scar dehiscence is a common complication associated
with several adverse scenarios, including increased risk
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of bleeding, placenta previa and placenta accreta, chronic
pelvic pain, dyspareunia, dysmenorrhea, and postmenstrual
bleeding.

Early diagnosis is necessary to maintain a woman'’s health
and well-being and to prevent complications in subsequent
pregnancies, highlighting the important role of high-quality
diagnosis and adequate caesarean scar evaluation criteria,
which unfortunately are not available today. A structured
approach to assessing the caesarean scar defect in daily
clinical practice will reduce and prevent some complications
and adjust the management strategy for patients with a
caesarean scar.
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