Uterine closure after cesarean delivery:
surgical principles, biological rationale, and

clinical implications
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Normal uterine function depends on cyclical regeneration and the capacity to sustain pregnancy. A cesarean incision, however, represents
an injury to this remarkable organ. Although the uterus possesses exceptional healing potential, cesarean delivery increases the risk of
secondary infertility, pain, uterine rupture, and abnormal placentation in later pregnancies. The method of closure can profoundly influence
future uterine function. The 2 most important determinants of successful hysterotomy healing after cesarean delivery are the location of the
incision and the surgical technique used for closure. The anatomic site of entry—whether the corpus, lower uterine segment, or cervix—
defines the tissue composition, vascularity, and contractility at the wound margins, which in turn influence how the scar remodels and
withstands subsequent pregnancies. Surgical technique is also important. A robust body of experimental and clinical evidence dem-
onstrates that restoring anatomic integrity by reapproximating uterine layers while excluding the endometrium produces stronger scars
and reduces late complications. The rationale for excluding the endometrium is to prevent displacement of endometrial tissue into the
myometrium and to avoid mucosal tearing against a foreign body such as suture material, both of which predispose defective healing.
When the endometrium is incorporated, healing is often impaired, leading to niches or isthmoceles, adenomyosis-like invasion, and
endometriosis at the scar site. Over time, these defects have been recognized as contributors to abnormal bleeding, pelvic pain, infertility,
uterine rupture, and placenta accreta spectrum disorders. Despite this evidence, single-layer closures that incorporate endometrium
became widely adopted in many centers because of their speed and simplicity, while their long-term sequel was initially underappreciated.
This has prompted renewed scrutiny of closure techniques, including comparisons of single-layer vs double-layer closure, locking vs
nonlocking sutures, type of sutures, and the direction of suture. Collectively, the data show that optimal closure respects uterine anatomy,
restores the natural alignment of tissues, and achieves hemostasis without compromising perfusion or strangulating tissue. Building on
these principles, we herein describe a refined 3-layer closure. The first layer approximates decidua and junctional myometrium while
excluding surface endometrium to prevent tissue entrapment and bacterial contamination. The second layer restores anatomic wall
integrity by reapproximating the bulk of the myometrium, thereby reinforcing strength and distributing tension across the scar. The third
layer reapproximates superficial myometrium and serosa, smoothing the uterine surface and reducing adhesions. This technique is not
simply a return to traditional double-layer methods or an extension of single-layer practice, but rather a refinement that integrates lessons
from visceral surgery and contemporary obstetric data. Its rationale is to restore anatomy, secure hemostasis without ischemia, and
preserve long-term uterine function. While short-term safety appears comparable across closure methods, evidence increasingly indicates
that long-term reproductive outcomes depend on how closure respects tissue biology. We argue that proper repair is more important than
a fast repair: meticulous restoration of uterine anatomy should take precedence over operative speed, as long-term reproductive outcomes
depend on how closure respects tissue biology. Further experimental and clinical studies are required to inform one of the most important
aspects of the most common surgical procedure worldwide, cesarean delivery, that profoundly shapes women'’s reproductive health.
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ultrasound, uterus closure

Introduction

Closure of the hysterotomy during ce-
sarean delivery is often considered a
routine step. Yet, it is a surgical and
biologically consequential act that in-
fluences not only immediate operative
outcomes but also long-term gyneco-
logic health, fertility, and risks in future
pregnancies (Table). Two factors are

fundamental to successful healing: the
site of the incision and the method of
closure. The anatomic location of the
hysterotomy determines the nature of
the tissue incised—whether it involves
the uterine body, the lower uterine
segment, or the cervix—each charac-
terized by distinct structural and
vascular properties. The chosen closure

technique then dictates how these tis-
sues are reapproximated: whether the
endometrium is excluded, whether
vascular perfusion is preserved, and
whether the serosal surface is restored.
Together, these elements determine the
structural integrity of the uterine wall,
the quality of the cesarean scar, and its
far-reaching clinical implications.
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TABLE

Long-term complications following cesarean delivery

Complications Frequency Remarks References

Pelvic pain 11%—35% Increase of dysmenorrhea, dyspareunia, chronic pelvic 1-7
pain, and suprapubic pain.

Postmenstrual spotting 33%° Observed in up to 60% of women with uterine scar 1,2,5,8,9
niche.

Endometriosis/adenomyosis 0%—89%" Uterine scar endometriosis is common in presence of a 3,10—13
scar niche.

Secondary infertility 5%—13%" Impaired uterine healing is associated with delayed 12,14—19
conception.

Abdominal adhesions 24%—46% Increased at each subsequent cesarean and 19-23
associated with longer operative time.

Cesarean scar pregnancy 0.05%—0.2%* Related to uterine scar niche and best diagnosed at 6 24—39
—8 weeks.

Placenta accreta spectrum 0.3%—6.8%" In case of placenta previa, frequency and perinatal 34,39—49
morbidity are greatly increased.

Spontaneous preterm birth 8%—28%" Significantly increased with prior second-stage 50—55,58,59
cesarean.

Uterine rupture 0.1%—3.4%° More frequent among women undergoing a trial of 60—71
labor after cesarean.

# Higher frequencies in presence of uterine scar niche.

reference to foundational studies and

This review integrates experimental
observations, histologic and imaging
studies, and surgical experience to
examine the biology of uterine scar for-
mation after cesarean delivery. We trace
the evolution of closure techniques,
identify factors that contribute to
optimal or defective healing, and discuss
the implications for future reproductive
outcomes. Our objective is to provide
clinicians with a biologically informed

and surgically practical framework for
uterine closure that minimizes short-
term complications and reduces the
burden of long-term sequelae.

A substantial body of research has
examined the biology of uterine healing,
yet this knowledge is rarely integrated into
everyday clinical practice. To bridge this
gap, this review includes a series of concise
summary boxes that highlight key biologic
and surgical concepts, offering a quick

practical insights that inform optimal
closure techniques.

How does the uterine scar heal and
why is it important?

Healing of a hysterotomy unfolds in 3
overlapping  phases:  inflammation,
repair, and remodeling. The inflamma-
tory phase begins immediately and typi-
cally lasts 3 to 5 days, characterized by
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BOX 1

Physiologic reepithelialization

Postpartum reepithelialization

and stromal remodeling.5*¢”

Cesarean scar implications

Role of epithelial tension

Endometrial reepithelialization and lessons for cesarean scar healing

After menstruation, the denuded surface is rapidly recovered (within 3—5 days) by migration and sheet expansion of epithelial cells from residual
basal glands, with proliferation reinforcing the new layer.'®*~"% Scanning electron microscopy shows epithelial “tongues” extending from
glandular stumps, explaining why repair is typically scar-free.

After delivery, particularly at the placental bed, repair follows the same principle on a larger scale. Classic pathology and electron microscopy
demonstrated that reepithelialization arises from basal glands spreading across a provisional fibrin scaffold, coordinated with vascular involution
~159 Nonplacental areas are recovered within ~ 1 to 2 weeks, while placental-site repair may extend to 6 weeks.
Animal lineage-tracing confirms that mesenchymal—epithelial transition can supplement epithelial repair in menstruation.

A cesarean incision interrupts these processes. Healing requires preservation of basal glands, avoidance of endometrial inclusion in sutures,
minimization of cautery or crush injury, and prevention of infection. When these are compromised, incomplete reepithelialization can predispose
to impaired healing and its related complications.®>'"" Thus, surgical technique can be biologically important for long-term uterine health.

Recent work in the intestinal epithelium shows that epithelial integrity depends on a tension-based “tug of war”: cells unable to sustain basal
actomyosin tension are extruded by neighbors, preserving barrier function.'”? By analogy, the endometrium may also rely on tension-mediated
extrusion of damaged cells during repair, a concept not yet studied but highly relevant to uterine scars.

170,87

hemostasis, leukocyte infiltration, and
activation of cytokine networks.”” "
The reparative phase follows from
around day 4 through 2 to 3 weeks, with
fibroblast proliferation, angiogenesis,
and deposition of extracellular matrix.
Remodeling begins by 3 to 4 weeks and
may continue for months to a year,
marked by collagen reorganization and
gradual recovery of tensile strength.
Endometrial reepithelialization plays a
crucial role in maintaining the integrity
of uterine function and can be disrupted
by a hysterotomy and its repair (Box 1).
Unlike cutaneous wounds, however,
uterine repair occurs in the unique
context of involution and profound
hormonal changes. The rapid fall in es-
trogen and progesterone after delivery,
combined with myometrial contraction
and a catabolic state, creates a biologic
environment unlike any other site of
surgical healing. These biological phases
have direct clinical relevance. For
example, short interpregnancy intervals
increase the likelihood of uterine rupture
and abnormal placentation, most likely
because conception occurs before scar
remodeling is complete.””~”” The pro-
longed nature of the remodeling phase
highlights why adequate spacing between
deliveries is important, and why the
technique of hysterotomy closure has
implications not only for immediate

repair but also for outcomes in subse-
quent pregnancies.

Evolution of knowledge on
hysterotomy incision healing
Systematic investigation of uterine scar
healing began in the early twentieth
century, motivated by the occurrence of
uterine rupture after cesarean delivery
and Cragin’s dictum, “once a cesarean,
always a cesarean”.”® At the Harvard
Surgical Laboratory, Mason and Wil-
liams (1910) combined animal experi-
ments and clinical observations to
demonstrate that with careful suturing,
the uterus could withstand subsequent
pregnancy and labor, and that rupture
nearly always occurred along the scar
rather than through intact myome-
trium.” Histologic descriptions from
Spalding (1917) and Losee (1917) pro-
vided early evidence that cesarean scars
consisted mainly of fibrous tissue with
limited muscle regeneration and that
healing was impaired when infection or
placental implantation involved the
incision site.”*’

Further progress came from Wash-
ington University, St. Louis, where
Schwarz and Paddock (1925) studied
both human and experimental material.
They found that healed incisions were
composed largely of fibrous tissue with
minimal myocyte regeneration,

establishing that the scar was biologically
distinct from normal myometrium.”” In
1938, Schwarz et al confirmed these
findings using mechanical testing: scar-
red uteri ruptured at lower intraluminal
pressures than unscarred controls,
correlating biomechanical weakness with
disorganized fibrotic architecture.”

The focus then turned to minimizing
inflammation from suture material and
improving tissue approximation. In
1942, Potter and Elton proposed an
interrupted closure technique that
excluded the endometrium and brought
only the external myometrium into ac-
curate apposition to reduce ischemia
and foreign-body reaction in vertical
incisions.”* In 1954, Potter and John-
ston applied similar principles to low
transverse hysterotomy, using inter-
rupted silk sutures through the outer
third of the myometrium and fine plain
catgut for the peritoneal flap.*” These
studies advanced the concept that
optimal repair requires the use of the
smallest amount of nonreactive suture
necessary to ensure accurate apposition
and hemostasis while avoiding excessive
tension that could lead to ischemia.

An important contribution came from
the work of Leslie O.S. Poidevin (1961),
whose doctoral thesis at the University of
Adelaide combined animal experiments
and clinical hysterography.'"*>** He

MONTH 2025 American Journal of Obstetrics & Gynecology 3


http://www.AJOG.org

BOX 2
Key animal studies in the evolution of the uterine closure technique

Schwarz and Paddock, 1925 (guinea pig): This study demonstrated that fibroblast proliferation is the fundamental mechanism of uterine scar
healing and that endometrial inclusion, although occasional, may interfere with orderly myometrial repair.®?

Poidevin, 1961 (cat & rabbit): This work established that the quality of uterine scar healing after cesarean delivery depends primarily on surgical
technique and that including the endometrium in the suture line is the main factor leading to scar dehiscence and niche formation.®6:%8
Cstics, 1970 (rabbit): In this experimental cesarean model, suturing only the outer myometrial layer while excluding the endometrium produced
optimal healing, supporting the principle that precise tissue apposition, not multilayer closure, is key to uterine scar integrity.2%

Dunnihoo et al, 1989 (rabbit): In this experimental cesarean model, eversion during uterine closure altered scar histology by exposing endo-
metrial cells on the surface, while the choice between interrupted and continuous sutures did not affect scar strength.'”

Einarsson J.l. et al, 2011 (sheep): In a nonpregnant sheep uterine incision model, barbed and conventional Vicryl sutures used for myometrial
closure resulted in similar degrees of adhesion formation at necropsy, indicating no significant difference in postoperative adhesions.'”*
Lapointe-Milot et al, 2014 (sheep): In a randomized trial, comparing single vs double layers, uterine healing was compromised when the
endometrium was included in the suture line, and a second layer did not compensate for this defect, highlighting the importance of correct tissue
apposition rather than layer number alone in optimizing cesarean scar repair.'”®

Api et al, 2015 (rat): In the rat myomectomy model, barbed sutures caused greater inflammatory cell infiltration, fibroblast proliferation, and
collagen deposition than Vicryl leading to more pronounced adhesion formation on the uterine serosa.'”®

Li et al, 2020 (mouse): In a mouse model of uterine scarring, the authors showed that fibrotic remodeling and persistent inflammation blunt the
endometrium’s response to ovarian steroids. Scarred uteri displayed reduced progesterone and estrogen receptor expression, downregulation of
implantation-related genes (Hoxa10, Hoxal1, Lif, Bmp2), and defective decidualization. Functionally, this led to fewer implantation sites,
abnormal placentation, and higher pregnancy loss, demonstrating that uterine scarring compromises fertility by impairing steroid-mediated
endometrial receptivity.'””

Debras et al, 2025 (rabbit): The investigators first created a cesarean scar in rabbits, allowed healing, and then—in a later experiment—induced
uterine distension with a balloon to mimic the mechanical stress of labor. Rupture occurred in 47% of cases, most frequently at the prior scar
site, confirming that polarimetric inhomogeneity (disordered collagen organization) corresponded to reduced mechanical strength.’”®

showed that healing was strongest when
closure achieved muscle-to-muscle
apposition and excluded endometrium,
whereas inclusion of endometrium led to
weak, collagen-rich scars and pouch-like
defects—later recognized as niches or

isthmoceles. His research established the
biologic rationale for endometrium-
excluding techniques (details are
described in the next section).

Cstcs et al (1970) in Hungary pro-
posed a single-layer closure limited to

the superficial myometrium, allowing
the endometrium and deeper layers to
heal spontaneously.”””’ In rabbits, this
method provided healing comparable to
2-layer closure, and clinical observa-
tions suggested its feasibility in humans.

BOX 3
Summary of recent studies of hysterotomy wound healing

Recent research has advanced our understanding of the biology of cesarean scar formation, using histology, imaging, molecular markers, and
experimental therapies. Key findings include:

Hysterectomy specimens from women with prior cesarean showed scars dominated by fibrous tissue, reduced smooth muscle, and marked
disorganization.'”®

Quantitative analyses with immunohistochemistry and electron microscopy demonstrated increased collagen types | and I, altered collagen
ratios, and ultrastructural myocyte disruption. Cesarean scars were collagen-dense and architecturally distinct from normal myometrium. '¢°
Myofibroblast activity (e-smooth muscle actin staining and elastin) remains consistent in scars beyond a period of 13 months following cesarean
suggesting a limited window of active remodeling.'®’

Immunohistochemical data indicate that TGF-31 promotes fibroblast activation, collagen deposition, and contraction, whereas TGF-(3 is
associat%g with more regenerative healing. Reduced TGF-(3 expression has been reported in cesarean scar defects, suggesting a shift toward
fibrosis.

Clusters of adipocytes were identified within some human cesarean scars, with transient adipocyte presence also noted in animal uterine scars.
These findings raise the possibility of metabolic—immune interactions in scar biology.183

Transplantation of human umbilical cord—derived mesenchymal stem cells in rat models promoted scar healing, with reduced fibrosis, improved
vascularization, and enhanced myometrial regeneration. Effects were linked to modulation of the TGF-8/Smad pathway.'®*

Human umbilical cord—derived mesenchymal stem cells combined with a collagen scaffold enhanced regeneration of full-thickness uterine
scars in rat models, improved collagen remodeling, and restored fertility.>

Aphase 1 clinical trial of human umbilical cord—derived mesenchymal stem cell infusion in women with poor uterine healing after surgical injury
showed early improvement in symptoms and tissue repair, although larger controlled studies are needed.®’
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This study is one of several that have
been conducted using animal models to
investigate surgical techniques for uter-
ine closure (Box 2).

In the 1970s, locked single-layer
closure including the endometrium
gained popularity because of technical
simplicity and shorter operative time
(details of the debate are described in the
next section). However, accumulating
evidence now links this method to
higher rates of scar defects and
increased risk of uterine rupture in
subsequent pregnancies.”’ °* Three
main mechanisms have been proposed
for the increased risk of defective scars
with single-layer techniques: 1) incom-
plete apposition of the inner myometrial
layer (Figure 1); 2) malalignment or
strangulation of myometrium leading to
ischemia (Figure 2); and 3) implantation
of endometrial cells into the suture line,
resulting in ectopic endometrial tissue
within the scar (Figure 3) that is not
resolved with a second layer
(Figure 4), 3119596

In summary, over the past century,
experimental, histologic, and clinical
investigations have revealed that uterine
healing is a complex process influenced

by anatomic site, infection, labor, hor-
monal state, and surgical technique.
Recognition of these factors has resha-
ped the understanding of why some
scars remain strong and asymptomatic,
while others predispose to rupture,
abnormal bleeding, infertility, or
placental invasion disorders in future
pregnancies.”” Box 3 summarizes recent
studies on uterine wound healing and
emerging therapeutic approaches.

The debate over single-layer vs dou-
ble-layer closure.

For much of the twentieth century,
the uterine incision at cesarean delivery
was routinely closed in 2 layers,
following Kerr’s 1926 description of the
low transverse hysterotomy and the
guidance of successive editions of Wil-
liams Obstetrics.”® """ In 1976, Pritch-
ard and MacDonald observed that “the
uterine incision may be closed with
either one or the more traditional 2
layers of continuous chromic suture,”
noting that a thin lower uterine segment
could often be satisfactorily approxi-
mated with one layer.'”® This statement
marked a turning point that prompted
modern evaluation of the optimal
closure method.

The first randomized trial, by Hauth
et al published in 1992, compared a
single locked continuous layer with a 2-
layer closure.'”” The single-layer tech-
nique reduced operative time without
increasing hemorrhage, infection, or
extra hemostatic sutures. In the follow-
up of 145 subsequent pregnancies (70
with single-layer and 75 with double-
layer closure), no uterine ruptures
were observed.'"’

Subsequent studies produced conflict-
ing results. Bujold et al”>** reported that
single-layer closure was associated with a
higher risk of rupture during trial of labor
after cesarean, whereas Roberge et al
clarified that the excess risk was limited to
locked single-layer closures that included
endometrium, while unlocked single-
layer closures were not associated with
rupture.” In a meta-analysis (2014),
Roberge et al found that double-layer
closure resulted in a thicker residual
myometrium (+2.6 mm; 95% confidence
interval [CI], 2.2—3.1) and that an
unlocked first layer produced a thicker
scar than a locked one (42.5 mm; 95% CI,
1.8—3.2).°” Reviews that did not distin-
guish these technical variations found no
differences in clinical outcomes.'' """

FIGURE 1

First hypothesis for the mechanism of uterine scar defect: incomplete approximation of the myometrium
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(A) The figure shows a superficial closure of the uterine wall in a single layer, not including the endometrium (darker). Including less tissue (B) may reduce
strangulation but could cause incomplete approximation of the myometrium (C). The black star shows where the myometrium has not been appropriately

approximated.
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FIGURE 2

Second hypothesis: tissue strangulation is increased in single-layer compared to double-layer
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The figure illustrates that a single-layer closure encompassing the entire myometrium may cause tissue contraction and strangulation of the myo-
metrium, by tightening the suture firmly, even with the avoidance of the endometrium (A), whereas a 2-layer closure, with more limited inclusion, permits
better approximation and reduces the risk of tissue contraction and strangulation.

Blumenfeld et al later showed an increased
risk of bladder adhesions after single-layer
closure (odds ratio, 7.0; 95% CI,
1.7—28.1)."'"

Among major randomized trials, the
Caesarean section surgical techniques: a
randomised factorial trial (CAESAR)""*
and Caesarean section surgical tech-
niques (CORONIS) trial'"® studies
demonstrated no difference in short-
term or long-term maternal outcomes
between single-layer and double-layer
closure, although specific suture tech-
niques were not standardized. In
contrast, the Cesarean-scar Thickness
and Closure Technique trial by Bamberg
et al. trial'"'* found greater residual
myometrial thickness with a double-layer
closure (7.9 mm; 95% CI, 6.4—10.2) than
with either locked (6.7 mm; 95% CI,
5.1—8.8) or unlocked (6.6 mm; 95% CI,
5.0—8.8) single-layer methods (P=.04)
among women who underwent primary
cesarean. In the Niche In CEsarean Scar

Trial (NICEST) trial,"*' double-layer
closure produced fewer severe scar
niches and thicker residual myometrium
at 6 and 12 months, while in the 2Close
study [a multicenter randomized
controlled trial that compared single-
versus double-layer closure of the uterus
in the prevention of gynaecological
symptoms in relation to niche
development],'**'*> no differences in
niche frequency, gynecologic symptoms,
or fertility were observed. However,
when the endometrium was excluded
within the single-layer closure group, the
prevalence of niche formation was
significantly reduced (59% [150/253] vs
72% [471/656]; relative risk [RR], 0.83;
95% CI, 0.74—0.93; P=.001)."*"

In summary, current evidence sug-
gests that while a second layer may
improve residual myometrial thickness,
the critical factor for optimal healing is
exclusion of the endometrium/decidua.
The number of layers alone does not
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ensure an intact scar unless myometrial

approximation is achieved and endo-
1 L L1 1122,126,127

metrial inclusion is avoided. >

The story of inclusion and exclusion of
the endometrium

From the nineteenth century onward,
surgeons understood that incorporating
the uterine lining into a hysterotomy
closure was detrimental. In his classical
reportin 1891, Howard A. Kelly described
the essential “do’s and don’ts” of cesarean
technique and explicitly described exclu-
sion of the endometrium.'**

Early obstetric surgeons were trained
in general surgery, and their approach to
cesarean repair reflected the principles
of visceral closure established in opera-
tions on the bowel and stomach. In such
procedures, the mucosal layer was
excluded from the muscular suture line
to prevent infection, leakage, or fistula
formation. By analogy, the endome-
trium uterine mucosal lining was
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FIGURE 3

Third hypothesis: inclusion of endometrial cells with locked single-layer, including the entire uterine wall
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(A) The figure shows full closure of the uterine wall in a single layer, including the endometrium (darker). Including all layers in a single layer, especially if
the endometrium is included (B), leads to tissue strangulation, poor approximation of similar tissues, and inclusion of endometrial cells in the suture (C).

FIGURE 4
The effect of adding a second layer over a first layer including all uterine

\ [\ [

The figure shows the addition of a second layer covering the first, suggesting that the endometrium
(dark) remains trapped inside the myometrium and that the second layer brings 2 distinct surfaces of
the uterine peritoneum closer together.

considered a delicate and potentially
contaminated surface that should not be
incorporated into the sutures. This
principle guided early cesarean tech-
niques, ensuring apposition of myome-
trium to myometrium while avoiding
decidual inclusion.

This concept persisted until the latter
half of the twentieth century, when the
introduction of single-layer continuous
closure led some surgeons to include the
endometrium in the suture line for
simplicity and speed. However, careful
experimental and clinical work by Leslie
O.S. Poidevin at the University of Ade-
laide (1961) demonstrated that inclu-
sion of the endometrium impaired
healing.'" In animal experiments using
cats and rabbits, he compared closure
techniques in opposite uterine horns:
when the suture line included endome-
trium, defective healing occurred in 78%
(14/18), whereas exclusion of the endo-
metrium resulted in no defects (0/18).%

Poidevin extended these findings to
humans in an observational study of 202
women.'”” On hysterosonography, scar
defects were observed far more
frequently when the endometrium had
been included in the closure—73% (93/
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127)—than when it had been
excluded—8% (6/75)—and all severe
defects (100%, 14/14) occurred in the
endometrium-included group. Histo-
logic examination of hysterectomy
specimens further confirmed these re-
sults, showing endometrial glands deep
within the fibrotic scar in 89% (8/9) of
women whose closures had incorpo-
rated the endometrium."’

Subsequent investigators reaffirmed
Poidevin’s conclusions. Antoine et al
summarized the accumulating experi-
mental and clinical evidence that inclu-
sion of the endometrium predisposes to
scar defects and abnormal placentation,
explicitly crediting Poidevin’s pioneer-
ing  contributions."””>"**""**  Most
recently, Lino et al (2025) synthesized
data from 4 randomized trials including
392 women and confirmed that
endometrium-excluding  techniques
halved the risk of scar defect (RR, 0.53;
95% CI, 0.34—0.82; I°=0%)."**

Together, these findings reaffirm a
principle first drawn from general sur-
gical experience and now supported by
modern evidence: exclusion of the
endometrium is essential for durable
uterine healing regardless of whether
closure is performed in 1 or 2 layers.

Continuous vs interrupted sutures
Two main strategies have been used to
close the hysterotomy: continuous and
interrupted  suturing.  Poidevin''
observed that when the endometrium
was excluded, interrupted sutures
resulted in no scar defects (0%, 0/30),
whereas continuous sutures produced
defects in 13% (6/45). However, when
the endometrium was included, defect
rates were high regardless of tech-
nique—73% (91/124) with continuous
and 67% (2/3) with interrupted sutures.
These data suggested that the inclusion
of endometrium, rather than the choice
of suture technique, was the key factor
determinant of poor healing.

A randomized trial by Tsuji et al'*
confirmed these experimental findings:
severe defects were observed in only 2%
(2/89) of women after interrupted 2-
layer closure excluding the endome-
trium, compared with 22% (19/88) after
continuous unlocked 2-layer closure

including the endometrium (P<.001).
Similarly, Sumigama et al'*® reported a
higher risk of placenta accreta spectrum
with continuous sutures (odds ratio, 6.0;
95% CI, 1.4—25.2), although this retro-
spective study was limited by design.
Taken together, these studies indicate
that interrupted suturing that excludes
the endometrium is associated with the
most favorable histologic and clinical
outcomes. In routine obstetric practice,
however, continuous suturing remains
far more common, largely because it is
faster, simpler, and easier to perform.

Locked vs unlocked sutures

Locking is a frequent modification of
continuous suturing in which each
needle pass loops and “locks” the thread,
preventing slippage and allowing tighter
tension control along the suture line.
Although this technique provides me-
chanical security, its independent effect
on uterine healing remains difficult to
isolate because locking is often com-
bined with single-layer closure and in-
clusion of the endometrium.

From a physiological standpoint,
locking may concentrate stress and
compromise microvascular perfusion at
the myometrial edges, whereas non-
locking sutures distribute tension more
evenly, reducing focal ischemia and
promoting tissue viability. Evidence
from other visceral and mucosal clo-
sures supports this principle: locking
sutures may  offer  short-term
security but at the cost of increased tis-
sue compression and inflammatory
response.

Tarafdari et al " compared locked vs
unlocked first layers—both including
endometrium—and found that scar de-
fects developed in all women at 6
months (30/30 locked, 26/26 unlocked).
Although mean residual myometrial
thickness did not differ significantly
(4.124+0.48 mm vs 4.444+1.07 mm,
P=.14), scar depth was greater in the
unlocked group (3.77£1.11 mm vs
3.16+1.10 mm, P=.04). A larger trial
involving 435 women also found no
difference between locked and unlocked
single-layer closures, both including
endometrium, but demonstrated that
double-layer closure with an unlocked
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first layer produced thicker residual
myometrium.''”'** In an observa-
tional study of 388 women, Hudic
et al'*® observed similarly high rates of
complete uterine rupture after both
locked and unlocked single-layer clo-
sures (2.1% [1/47] vs 2.4% [2/85],
P=.93).

Overall, the available data suggest
that locking itself is not independently
harmful, but it provides no measurable
benefit and may impair microcircula-
tion when used under high tension.
Consequently, unlocked continuous
sutures are generally preferred for hys-
terotomy closure, particularly when the
first layer excludes the endometrium
and achieves accurate myometrial
apposition.

Suture material: catgut, synthetic
multifilaments, monofilaments, and
antimicrobial

Suture materials used for hysterotomy
closure have evolved markedly over the
past century. In early days, surgeons
relied on silk and plain catgut, both of
which produced marked tissue inflam-
mation and were soon replaced by
chromic catgut, a treated variant inten-
ded to slow absorption and reduce
reactivity. However, even chromic
catgut elicits a significant inflammatory
response and has been associated with
poorer-quality scars and delayed heal-
ing."”” This recognition led to the
adoption of synthetic absorbable poly-
mers, such as polyglactin (Vicryl) and
poliglecaprone (Monocryl), which pro-
vide more predictable absorption and
minimal tissue reaction.

In an observational study of 1613
women, Vachon-Marceau et al *’ found
no difference in third-trimester lower
uterine segment thickness between
catgut and synthetic multifilament su-
tures, and the CORONIS trial''*'"”
similarly found no significant differ-
ence in uterine rupture risk at subse-
quent delivery (0.2%; n=3/1660) catgut
vs (0.06%; n=1/1647) synthetic (RR, 3.1;
95% CI, 0.3—29.3). However, Hosseini
et al'*' observed higher rates of scar
defects with catgut (18.2%, n=20/110)
than with Vicryl (9.3%; n=13/140) and
greater residual myometrial thickness
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with Vicryl (5.0£2.2 mm vs 3.7£1.5
mm; P<.01).

Recent randomized trials suggest that
monofilament sutures may yield slightly
thicker uterine scars than multifilament
sutures (4+1.1 mm residual myome-
trium across 3 trials, 499 women) but
require approximately 3 additional mi-
nutes of operative time."*” Saccone
et al,'” in a trial of 300 women, found
no significant differences in scar thick-
ness or symptoms between mono-
filament and multifilament materials.
Two meta-analyses suggested that the
use of barbed sutures reduced uterus
closure time by approximately 2
minutes but had no impact on intra-
operative complications.'*>'** Howev-
er, a recent trial observed less scar niche
using a double-layer closure with barbed
sutures excluding the endometrium
(29.1%; n=32/110) compared to con-
ventional double-layer sutures (68.2%;
n=75/110; P<.001).'*

Because braided multifilament sutures
can harbor bacteria, triclosan-coated
variants have been developed to reduce
surgical site infection. Large meta-
analyses in general surgery—Jalalzadeh
et al'*® and Depuydt et al'*’—reported
approximately a 25% reduction in wound
infection rates with antimicrobial-coated
sutures. Although these have not been
specifically studied in cesarean hysterot-
omy closure, they may benefit patients at
high risk of infection (eg, those with
chorioamnionitis, prolonged rupture of
membranes, or confirmed intra-
amniotic infection).

Overall, current evidence supports
synthetic absorbable sutures as safe and
effective, with monofilament materials
showing modest potential advantages
for long-term scar integrity. For the
serosal layer, a rapidly resorbable
monofilament appears a reasonable and
biologically sound choice.

Amount of tissue included in the
suture: large vs small “bites”

The extent and depth of tissue captured
with each suture pass may influence
long-term scar quality as much as the
number or type of layers used. Taking
full-thickness, widely spaced sutures

(large bites) can lead to tissue strangu-
lation and ischemia, whereas very su-
perficial or widely gapped passes may
leave residual cavities or dead space. In
uterine closure, precise, closely spaced,
partial-thickness sutures (ie, small bites)
promote accurate reapproximation of
the myometrial edges while preserving
perfusion. Evidence from general sur-
gery reinforces this principle: in the
small bites versus large bites for closure
of abdominal midline incisions
(STITCH) trial of abdominal fascial
closure, fine, closely spaced suture
placement (approximately 5 mmx5
mm) significantly reduced incisional
hernia rates compared with wider
placement (10 mmx10 mm) (13%;
n=35/268 vs 21%; 57/277 at 1 year,
P<.05)."*"  Although this study
addressed fascial rather than uterine
repair, the underlying biomechanics are
similar—narrow, equidistant suture
placement distributes tension evenly
along the incision, reducing localized
ischemia and supporting stronger heal-
ing. Figure 5 illustrates how precise,
short-interval suturing facilitates uni-
form apposition and minimizes reliance
on thread tension for wound stability.

Parallel vs perpendicular suture
direction
The orientation of sutures relative to the
incision line may influence wound me-
chanics and healing. Experimental evi-
dence from general surgery supports
this concept. In a rat laparotomy model,
Rappaport et al (1990) compared su-
tures placed parallel and perpendicular
to the incision and found that parallel
placement produced greater bursting
strength, less inflammation, and less
tissue necrosis, likely because tension
was distributed along the wound axis
rather than concentrated at discrete
points.'*’ Similarly, Lear et al (2020)
showed in excisional skin wounds that
tension distribution—more than suture
material or type—determines whether
sutures “cheese-wire” through tissue;
parallel orientation provided more uni-
form stress and resistance to tearing.'”’
Although the uterine wall differs in
composition and mechanical loading,

analogous principles may apply. Align-
ing sutures parallel to the hysterotomy
could reduce focal ischemia and stress
across myometrial fibers, enhancing
healing quality. Supporting this hy-
pothesis, Alper et al'”' observed in 497
women undergoing primary cesarean
before labor that parallel-layered closure
was associated with fewer scar defects
(7.9% vs 16.3%, P=.009) and fewer long-
term gynecologic symptoms (1.5% vs
7.8%, P=.004) compared with perpen-
dicular = single-locked closure. The
purse-string technique described below
also employs a parallel suture orienta-
tion, further underscoring the potential
relevance of suture direction for opti-
mizing uterine repair.

Direct approximation vs purse-string
approximation

Traditional uterine repair involves direct
approximation of the upper and lower
edges of the hysterotomy. An alternative
approach, described by Turan et al'>* in
Turkey, proposed a purse-string double-
layer closure designed to reduce residual
scar size. This technique employs 2
layers, excludes the endometrium, and
places sutures parallel to the incision.
Rather than securing knots at the ends,
the suture is run circumferentially and
tightened centrally, producing the char-
acteristic ~ purse-string  appearance
(Figure 6).

A meta-analysis of 8 randomized tri-
als (751 women) suggested that the
purse-string technique is associated
with lower uterine scar defect than
conventional single-layer or double-
layer closures that included the endo-
metrium (RR, 0.45; 95% CI, 0.36—0.58;

I’=0%)."” While these findings
are encouraging, concerns remain
regarding possible  circumferential

ischemia and tissue strangulation, and
long-term safety data are still limited.

Summary of evidence

Current evidence supports a double-
layer closure using synthetic absorbable
suture, unlocked, and placed parallel to
the incision, with the first layer excluding
the endometrium, as the configuration
most likely to promote optimal uterine
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healing. These principles appear espe-
cially beneficial for primary cesarean
deliveries and for procedures performed
before the onset of labor.

Applying the principles of surgical

technique to hysterotomy closure

The goal of uterine closure after ce-
sarean delivery is to restore the organ’s
structural integrity while preserving its
function for future pregnancies. Hal-
sted’s principles of safe surgery—gentle
handling, meticulous hemostasis, pres-
ervation of blood supply, precise
apposition of tissues, elimination of
dead space, and tension-free closure—
remain the cornerstone of durable
repair.'”* The uterus, although biolog-
ically distinct and structurally much

thicker, follows similar logic: avoiding
incorporation of the endometrium,
reapproximating  myometrium  to
myometrium, and protecting the serosa
leads to a stronger, more functional
scar.

To provide clinicians with a practical
framework, we propose the REPAIR
mnemonic, which translates these
enduring surgical principles into the
specific context of cesarean hysterotomy
closure (Box 4).

A 3-step approach for hysterotomy
closure

The closure of a low transverse hyster-
otomy can be conceptualized as 3 distinct
steps, each corresponding to a specific
anatomical layer: the endometrium, the

myometrium, and the serosa (Figure 7).
The first step reapproximates the endo-
myometrial junction while excluding the
decidual surface. The second step re-
stores uterine wall integrity by reap-
proximating the myometrium and
minimizing dead space. The third step
reapproximates the remaining superficial
myometrium and serosa, ensuring
coverage of exposed tissue, optimizing
hemostasis, and reducing the need for
cauterization.

This 3-step technique is particularly
suitable for cesareans performed before
or in early labor, when the lower uterine
segment is relatively thick, and the
different layers can be clearly distin-
guished. These are also the cases most at
risk for scar defects and long-term

FIGURE 5

Comparison of closed vs spaced bites in continuous parallel sutures

(A) A suture with closely spaced stitches facilitates precise reapproximation and reduces reliance on suture tension. In contrast, widely spaced stitches
often require greater traction on the suture, which increases the risk of tissue crushing and compromises optimal coaptation. (B) A parallel rather than a
perpendicular suture reduces twisting of the tissue.
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complications. In situations where the
myometrium is thin, as in advanced la-
bor, the first 2 steps can often be
combined. The optimal method of
closure for second-stage cesarean de-
livery remains uncertain, as the incision
frequently extends into  cervical
tiSSue.SO,lSS)lSé

The first step: approximation at the
endomyometrial junction

The goal of the first layer is to approxi-
mate the endomyometrial junction
while avoiding incorporation of the
endometrium. This prevents intro-
ducing bacteria into the wound, tearing
fragile endometrium, and displacement
of decidual cells into the myometrium,
which may impair healing or promote
adenomyosis and endometriosis. Inclu-
sion of both myometrium and decidua
increases the risk of scar defects and
long-term complications,*>%!7%131-1>7
Because approximating decidua alone
is technically difficult, sutures should be
placed in the myometrium immediately
above the junction. Sutures are generally
placed parallel to the incision
(Figure 8A); in friable tissue, a slight
oblique angle may provide a more
secure closure (Figure 8B). The aim is to

eliminate dead space while avoiding
endometrial displacement into the
myometrium. Figure 9 shows an
example of parallel approximation.
Large myometrial bites should be avoi-
ded, as they increase ischemia and tissue
strangulation.

The second step: approximation of the
myometrium

The second layer reapproximates myo-
metrium to myometrium and is not
intended to bury the first layer. Unless
active bleeding is present, it is
unnecessary to take large bites of myo-
metrium. As in the first step, sutures
placed parallel to the incision and near
the myometrium—serosa junction
ensure apposition with minimal tension
or strangulation (Figure 10). This tech-
nique also keeps sutures beneath the
uterine surface, reducing peritoneal
exposure and adhesion formation.
Figure 11 shows an example of myo-
metrial approximation using a sub-
serosal entry.

The third step: approximation of the
superficial myometrium and serosa
The third layer aims to restore surface
anatomy and  optimize healing

(Figure 12). This layer ensures that su-
perficial myometrium left exposed after
the second step is covered, reducing the
risk of adhesions. When the myome-
trium is thick, the second layer should
be placed deeply to avoid dead space,
while the third layer closes the remain-
ing myometrium and serosa. This layer
also contributes to hemostasis, as small
vessels are often present on the surface
(Figure 13). Rather than relying on
cautery, which may impair healing,
gentle approximation with a fine
absorbable suture can cover exposed
myometrium and sutures, reduce
bleeding, and minimize thermal injury.

Adaptation for thin myometrium
When the myometrium is thin (<5
mm), as often occurs after prolonged
labor, a single first layer may be suffi-
cient to reapproximate the entire
thickness of the myometrium, with the
suture positioned between the endo-
metrium and the serosa. The next
layer, in this context the equivalent of a
‘third layer’, can then be used to
approximate the serosa with a fine
absorbable suture, thereby reinforcing
the closure in tissue that is often more
fragile (Figure 14).

FIGURE 6
Purse-string double-layer closure

Serosa

Endometrium

Myometrium

The purse-string technique uses 2 sutures placed parallel to the incision: the first at the endomyometrial junction (blue suture) and the second beneath
the serosa (blue suture). When tightened, the sutures encircle the incision and approximate all tissue layers toward the center.

Modified from Turan et al.'®?
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BOX 4

uterine cavity into the wound.

The REPAIR principles of uterine closure after cesarean

- R: Restore anatomy: This is the cardinal principle of surgical repair.
- E: Exclude endometrium/decidua: this tissue can interfere with wound healing, generate adenomyosis/endometriosis and carry bacteria from

- P: Preserve tissue integrity by handling gently and using atraumatic instruments.
- A: Approximate both edges of the endomyometrial junction, myometrium to myometrium, and serosa to serosa.
- I: Ischemia prevention: use unlocked & tension-free sutures and avoid strangulation.
- R: Reduce dead space: Layered closure fills potential cavities, limiting hematoma formation and reducing the risk of infection.

Additional hemostatic sutures

The 3-step technique does not appear to
increase the need for hemostatic sutures.
When required, they can be used
without compromising anatomic reap-
proximation and tissue handling prin-
ciples. Although excessive hemostatic
suturing could theoretically impair
healing by distorting tissue or

entrapping decidual cells, limited use is
unlikely to affect overall apposition.

Empirical evidence supporting the
proposed surgical closure

Two prospective comparative studies—
one quasi-randomized and one ran-
domized—have evaluated closure tech-
niques similar to this 3-step method, in

FIGURE 7
The 3 layers of the uterine wall

The image shows a low transverse hysterotomy after placental delivery. On either side of the incision,
the 3 uterine layers can be distinguished: the endometrium which is the innermost, usually more
purple colored and friable layer (red arrows), the myometrium which is usually the thickest of the 3
layers denoted by fibers that run horizontally and in parallel to the transverse incision (blue arrows),
and the serosa, the thin, glossy superficial layer (yellow arrows).
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which the first layer is unlocked (or
interrupted) and excludes the endome-
trium and the second layer reapprox-
imates the residual myometrium. These
designs differ slightly from the parallel
second layer described in our proposed
approach. Each trial included 2 control
groups: a single-layer closure incorpo-
rating both myometrium and endome-
trium and a 2-layer closure in which the
first layer included the endometrium
and the second simply covered it."”*"*”

In the quasi-randomized trial of 137
participants, Hayakawa et al'”” found
significant differences in scar defect rates:
6% (2/36) for the 2-layer closure
excluding the endometrium, 34% (17/50)
for interrupted single-layer closure
including the endometrium, and 16% (8/
51) for 2-layer closure with the first layer
including the endometrium (P<.01). In
the randomized trial by Roberge et al'*®
involving 81 participants, the corre-
sponding rates of severe scar defect were
4% (1/26), 20% (5/25), and 5% (1/22),
respectively (P=.10), while the residual
myometrial thickness was significantly
greater with the 2-layer closure excluding
the endometrium (6.1+2.2 mm)
compared with the other 2 methods
(3.841.6 mm and 4.8+1.3 mm, P<.001).

More recently, Ozler et al'®
compared double-layer closure with an
unlocked first layer avoiding the endo-
metrium  (n=28) to single-layer
unlocked closure also avoiding the
endometrium (n=26). At 6 months, the
residual myometrial thickness was
significantly greater in the double-layer
group (5.1£0.4 mm vs 4.1+0.4 mm;
P<.001). Interpretation of these results
is limited, however, as most participants
had at least one previous cesarean
delivery.
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FIGURE 8
First layer for approximation of the endometrium

(A) The suture starts at one end of the hysterotomy with closely spaced, parallel stitches along the endomyometrial junction. Applying gentle tension
prevents tearing or strangulation of the tissue. (B) If the tissue appears fragile, a slightly oblique needle angle can be used to incorporate more myometrial
fibres and ensure secure approximation.

FIGURE 9
Approximation of the endomyometrial junction using a suture parallel to the incision

# N\
The figures show the first-layer closure at elective cesarean. They depict 4 stages of a parallel suture that approximates the endometrium without
incorporating it by reapproximating the endomyometrial junction. The needle is passed through the myometrium, parallel to the incision, just above the
endomyometrial junction.
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FIGURE 10

Second layer for approximation of the myometrium

myometrium

endometrium

The parallel suture starts at one end of the hysterotomy and follows the upper edge of the myometrium, just below the serosa. It avoids including the

surface of the uterus and the serosa in the suture.

Overall, these studies consistently
demonstrate that a double-layer closure
with the first layer excluding the endo-
metrium is associated with thicker re-
sidual myometrium and lower rates of
uterine scar defect.

The potential benefit of adding a third
(serosal) layer remains less certain.
While some observational data suggest
that peritoneal closure may reduce
postoperative adhesions,'®' randomized

trials have not confirmed a durable
advantage.162 At present, this additional
step is based more on surgical judgment
and established principles of tissue
handling than on definitive evidence
(BOX 5)'95,96,]63

Surgical technique in advanced labor
and cervical dilatation

In advanced labor, the lower uterine
segment becomes markedly thinned,

and the incision may extend into cervi-
cal tissue. Under these circumstances, it
is often difficult to distinguish and
separately reapproximate the endome-
trium and myometrium according to
standard surgical principles. In a ran-
domized trial of 122 participants,
Vikhareva et al reported that placing the
incision approximately 2 cm above the
vesicouterine fold, rather than below it,
may reduce the risk of subsequent scar

FIGURE 11

Approximation of the myometrium using a suture parallel to the incision

The figures show the second-layer closure at elective cesarean. They depict needle insertion into the myometrium, parallel to the incision and just
beneath the serosa, on both the upper (A) and lower (B) edges of the hysterotomy.
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FIGURE 12

Third layer for approximation of the myometrium edge and the serosa

myometrium

endometrium

The last layer uses a rapidly absorbable thread and an unlocked continuous suture to join the remaining myometrium to the myometrium and the serosa
to the serosa. This covers the non-rapidly absorbable thread that was used for the previous layer.

defects in women undergoing cesarean
during advanced labor.'”

Nonetheless, additional studies are
needed to define the optimal surgical
technique in this specific context, as
uterine and cervical tissues remodel
substantially in the hours and days
following delivery, often returning to a
configuration very different from that
observed intraoperatively. Based on
available evidence, a slightly higher
hysterotomy is advisable, as this in-
creases the likelihood of entering the

lower uterine segment rather than the
cervix.

For closure, the markedly thinned
myometrium usually requires modifi-
cation of standard techniques. We
recommend combining the first 2 par-
allel layers into a single layer placed
parallel to the incision, thereby
approximating the thin residual myo-
metrial tissue between the endometrium
and serosa. A second step should then be
performed with a rapidly resorbable
synthetic suture, reapproximating the

serosa while incorporating a small
amount of superficial myometrium to
reinforce the closure and restore the
uterine surface.

Open question and future research

Key questions about the optimal method
of hysterotomy closure remain unan-
swered and warrant renewed experi-
mental and clinical investigation. Well-
designed studies are needed to deter-
mine how variations in suture tech-
nique, tissue handling, and myometrial

FIGURE 13

Approximation of the myometrium edge and serosa

The figures show the third-layer closure at elective cesarean. They illustrate the

ot LR y

first layer and the serosa, providing full serosal coverage of the hysterotomy.

suture incorporating both the portion of myometrium not captured by the
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FIGURE 14

Adaptation of the technique for a thin lower uterine segment (myometrium)

myometrium

endometrium

In the presence of a thin lower uterine segment, as is often observed in advanced labor, we suggest replacing the first 2 sutures with a single suture that
approximates the thin myometrial layer (between the endometrium and the serosa) on either side of the incision. The subsequent suture then ensures
complete approximation by slightly ‘imbricating’ the first suture, thereby reinforcing the closure in a context where the tissue is frequently more fragile.

thickness influence the quality of healing
and long-term reproductive outcomes.
The 3-step closure method proposed in
this review applies primarily to cesarean
deliveries performed before labor, or in
early labor, yet the best approach for
cesarean conducted in the second
stage—when the lower uterine segment
is extremely thin and may involve cer-
vical tissue—has not been established.
Historically, efforts to shorten oper-
ative time have strongly influenced
surgical technique. Yet, the long-term
implications of a poorly healed uterine
scar—such as infertility, pain, abnormal
bleeding, and life-threatening compli-
cations in future pregnancies—argue for

a renewed emphasis on quality rather
than speed. In an age when most cesar-
ean deliveries are performed under
regional anesthesia, the priority should
be meticulous restoration of uterine
anatomy, over a rapid closure. It goes
without saying that if patients were
asked to choose between a fast operation
and one that best protects their future
reproductive health, most would un-
doubtedly prefer the latter. Institutions
and healthcare systems should ensure
that maternity care is staffed and struc-
tured to support careful, deliberate sur-
gical practice that safeguards maternal
well-being beyond the immediate post-
operative period.

We believe strongly that furture
research should extend beyond short-
term surgical metrics such as operative
duration or blood loss and focus on
outcomes that matter most to patients:
restoration of uterine structure, repro-
ductive performance, and long-term
gynecologic health. The integration of
imaging, biomechanical, and molecular
studies will be essential to elucidate the
biological pathways that underlie suc-
cessful healing.

Cesarean delivery has lasting conse-
quences for mothers and their families.
Because of its global frequency and
lifelong impact, research aimed at opti-
mizing uterine closure and improving

BOX 5
Key points for surgical practice

evidence is still limited.

Summary:

o Exclusion of the endometrium in the first layer is the single most important factor promoting sound uterine healing and reducing niche formation.

e Double-layer closure—with an unlocked first layer approximating the endomyometrial junction and a second layer reapproximating residual
myometrium—consistently yields thicker residual myometrium and fewer scar defects.

o Fine, parallel suturing minimizes tissue strangulation and preserves perfusion; large, deep bites should be avoided.

e Serosal coverage with a third, superficial layer may help reduce adhesion formation and protect exposed myometrium, although high-level

o Synthetic absorbable sutures (preferably monofilament) are recommended; catgut should be avoided.
e The 3-step technique is most suitable for cesarean deliveries performed before or early in labor, when myometrial planes are well defined.

Anatomically guided, tension-free closure of the uterine wall—executed in distinct layers and excluding the endometrium—-builds on a
century of surgical experience and emerging clinical evidence. Adoption of this technique may improve uterine healing, decrease scar defects,
and potentially lower the risk of abnormal placentation in subsequent pregnancies.
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FIGURE 15

Schematic representation of uterus closure in 3 steps

The first parallel sutures located at the endomyometrial junction with closely spaced stitches ap-
proximates the endometrium/decidua, with minimal suture visible (blue). The second parallel layer
beneath the serosa approximates the myometrium (black) and the third layer brings together the

remaining myometrium and the serosa (violet).

maternal outcomes should be recog-
nized as an immediate public health
priority.

Conclusion

We propose that successful uterine
closure after cesarean delivery depends
on adherence to fundamental surgical
principles: exclusion of the endometrium
in the first layer, restoration of myo-
metrial thickness with a tension-free
second layer, and serosal coverage to
minimize adhesions. The videos
(Supplemental Material) illustrate the 3-
step closure technique, which embodies
these principles and provides a practical
framework for routine surgical practice
(Figure 15). The REPAIR mnemonic of-
fers a concise reminder of the key ele-
ments underlying optimal closure,
aligning surgical technique with the bio-
logical requirements of uterine healing. |
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