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Abstract

Background: With the global rise in caesarean deliveries, assessment of uterine scar integrity in subsequent pregnancies has
become increasingly important. The integrity of the lower uterine segment (LUS) scar at term plays a crucial role in predicting
the risk of uterine dehiscence or rupture during labor. Ultrasonographic evaluation offers a non-invasive approach to assess
scar thickness and morphology, potentially guiding obstetric management and improving maternal and fetal safety.
Obijectives: This study aimed to evaluate post-caesarean scar characteristics at term using transabdominal sonography and to
correlate the ultrasonographic findings with intraoperative grading of the LUS during repeat caesarean section, as well as
associated feto-maternal outcomes.

Methods: A prospective observational study was conducted on pregnant women with a history of one prior lower segment
caesarean section (LSCS) scheduled for elective repeat LSCS at term. Preoperative transabdominal ultrasound was used to
measure LUS scar thickness and assess scar morphology. Intraoperative grading of the LUS was recorded based on visual and
tactile assessment. Data on maternal intraoperative complications and neonatal outcomes (Apgar score, birth weight, NICU
admission) were collected. Correlation analyses were performed between sonographic scar thickness, intraoperative grading,
and perinatal outcomes.

Results: The study demonstrated a statistically significant correlation between reduced sonographic scar thickness (<2.5 mm)
and poor intraoperative LUS grading, indicating a thinned or dehiscent scar. Thicker scars (>3.5 mm) were associated with
intact uterine walls and favorable maternal and fetal outcomes. No cases of complete uterine rupture were reported. Lower scar
thickness also correlated with increased intraoperative blood loss and longer surgical time.

Conclusions: Sonographic measurement of the post-caesarean scar at term provides a reliable, non-invasive predictor of
intraoperative LUS condition and maternal-fetal outcomes. Incorporating routine scar assessment into antenatal care may
enhance risk stratification, optimize delivery planning, and reduce complications associated with scar dehiscence or rupture.

Keywords: Post-caesarean scar, lower uterine segment, ultrasound, scar thickness, maternal outcomes, fetal outcomes,

caesarean section, uterine integrity

Introduction

The increasing prevalence of caesarean section (CS)
deliveries worldwide has become a significant concern in
obstetric care. With each subsequent CS, the formation of a
lower uterine segment (LUS) scar plays a critical role in
determining maternal and fetal safety during future
pregnancies. The integrity of the LUS scar is essential, as a
weakened or poorly healed scar increases the risk of serious
complications, including uterine rupture, excessive maternal
bleeding, and adverse neonatal outcomes. Therefore,
evaluating the scar prior to labor is crucial for planning the
mode of delivery and ensuring optimal maternal and fetal
health.

Ultrasonography has become a widely used, non-invasive
method for assessing the LUS scar. Both transabdominal
and transvaginal ultrasound techniques allow measurement
of scar thickness and evaluation of scar morphology. These
measurements provide valuable information on the
structural integrity of the scar and the potential risk of
complications. Thinner or irregular scars are generally
associated with a higher risk of rupture or dehiscence,
whereas thicker, well-formed scars suggest better healing
and lower risk. Prenatal assessment of the LUS scar can
therefore guide clinicians in making evidence-based
decisions regarding timing and mode of delivery, improving
outcomes for both mother and child.The characteristics of
the LUS scar can be influenced by multiple factors,

including the number of previous CS, the surgical technique
used, and the interval between pregnancies. Evaluating scar
thickness and morphology at term provides critical
information about the likelihood of scar complications
during labor or surgery. Despite the recognized importance
of sonographic assessment, there is limited research
evaluating  the  correlation  between  sonographic
measurements at term and intraoperative findings, as well as
maternal and neonatal outcomes. Understanding these
correlations can help clinicians identify patients at higher
risk of complications and provide more individualized and
safer care.

This study focuses on evaluating the sonographic features of
post-caesarean scars at term and understanding their
association with intraoperative findings and feto-maternal
outcomes. By examining scar thickness and morphology,
the study aims to provide insight into the predictive value of
sonographic assessment and its role in clinical decision-
making. Evaluating the LUS scar prior to delivery allows
obstetricians to anticipate potential complications, plan
appropriate interventions, and optimize both maternal and
neonatal safety.

Assessing the post-caesarean scar is particularly important
in settings with high rates of repeat CS, where ensuring the
integrity of the LUS scar can prevent serious complications
and improve overall obstetric care. Prenatal sonographic
evaluation offers a non-invasive, accessible, and practical
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approach to monitoring scar health, making it an essential
component of care for women with previous CS.

In conclusion, understanding the correlation between
sonographic measurements of the post-caesarean scar at
term and intraoperative outcomes is crucial for optimizing
maternal and fetal safety. This study aims to provide
evidence-based insights into scar assessment, enabling
clinicians to make informed decisions regarding delivery
planning, reduce the risk of complications, and enhance
overall obstetric outcomes

Methods

The present study was designed as a prospective
observational investigation conducted at a tertiary care
hospital. The study population included pregnant women
with a history of one previous lower segment caesarean
section who were scheduled for elective repeat caesarean
delivery at term. Women with multiple previous caesarean
sections, those with uterine anomalies, placenta previa, or
any other conditions affecting uterine integrity were
excluded to ensure homogeneity of the study population and
to reduce confounding factors. Informed consent was
obtained from all participants after explaining the study’s
objectives, procedures, and potential risks. Ethical clearance
was obtained from the institutional ethics committee prior to
the commencement of the study.

Participants were enrolled during the third trimester,
typically between 36 and 38 weeks of gestation. Each
participant underwent a detailed clinical assessment, which
included documentation of obstetric history, maternal age,
body mass index, gestational age, and any comorbidities.
Relevant laboratory investigations were reviewed to ensure
maternal fitness for the procedure. All sonographic
evaluations were performed by experienced obstetricians
using high-resolution ultrasonography equipment. Both
transabdominal and transvaginal approaches were employed
to assess the lower uterine segment scar, depending on
maternal habitus and patient comfort.

During ultrasonography, the lower uterine segment was
visualized in both longitudinal and transverse planes. The
thinnest portion of the myometrial scar was identified and
measured, ensuring that measurements were taken at the
point of greatest concern. Scar thickness was recorded in
millimeters, and additional morphological features, such as
continuity of the myometrium, presence of hypoechoic
areas, and any irregularities, were noted. All sonographic
assessments were performed prior to the onset of labor to
ensure that findings represented the scar’s status at term
without the influence of labor-related changes.

Following sonographic evaluation, participants underwent
elective repeat caesarean section at term. Intraoperative
assessment of the lower uterine segment was performed
systematically by the operating obstetrician. The appearance
of the scar, its thickness, and the presence of any thinning,
dehiscence, or adhesions were carefully documented.
Intraoperative grading of the lower uterine segment was
carried out using a standardized scale to categorize the
condition of the scar. Maternal outcomes, including duration
of surgery, estimated blood loss, need for blood transfusion,
and occurrence of any complications such as bladder injury
or extension of the uterine incision, were recorded for each
participant.

Neonatal outcomes were assessed immediately after
delivery. Parameters included birth weight, Apgar scores at
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one and five minutes, need for resuscitation, and
requirement for neonatal intensive care admission. Data
collection was performed meticulously to ensure accuracy
and completeness. The correlation between sonographic
measurements of the lower uterine segment scar and
intraoperative findings was analyzed, along with the
relationship between scar characteristics and maternal and
neonatal outcomes.

Data analysis involved statistical techniques appropriate for
continuous and categorical variables. Descriptive statistics,
including means, standard deviations, and percentages, were
used to summarize participant characteristics, scar
measurements, and outcomes. Inferential statistical tests
were applied to evaluate correlations between sonographic
findings and intraoperative scar grading, as well as
associations with maternal and neonatal outcomes.
Significance was determined using a predetermined p-value
threshold, ensuring that findings reflected true associations
rather than random variation.

The study design emphasized minimizing potential sources
of bias. Selection bias was addressed by including all
eligible participants presenting for elective repeat caesarean
delivery within the study period. Measurement bias was
minimized by having experienced operators perform all
sonographic and intraoperative  assessments,  using
standardized protocols to ensure consistency. Observer bias
was reduced by blinding the operating obstetrician to
preoperative sonographic measurements during the surgical
procedure.

Quality control measures included calibration of
ultrasonography equipment prior to each examination,
repeated measurements for verification, and cross-checking
of intraoperative assessments by a second observer in cases
of uncertainty. Data entry and management were carried out
using secure electronic databases, with regular audits to
maintain data integrity. Ethical considerations, including
patient confidentiality and adherence to the principles of
good clinical practice, were strictly followed throughout the
study.

By combining preoperative sonographic evaluation with
intraoperative assessment and detailed recording of maternal
and neonatal outcomes, this study provides a comprehensive
methodology to investigate the predictive value of scar
thickness and morphology. The study design allows for the
identification of patterns and correlations that may inform
clinical decision-making and enhance the safety of repeat
caesarean deliveries. The rigorous methodological approach
ensures that the findings are reliable, reproducible, and
relevant to obstetric practice.

Results

The study enrolled a cohort of pregnant women with a
history of one previous lower segment caesarean section
who were scheduled for elective repeat caesarean delivery at
term. The participants’ demographic characteristics revealed
a diverse range of maternal ages, body mass indices, and
obstetric histories. Most participants were in the age range
of twenty to thirty-five years, with a mean maternal age
reflecting the general obstetric population. The majority of
participants had a single prior caesarean section, and the
interpregnancy interval varied, providing a representative
sample for evaluating post-caesarean scar characteristics at
term. All participants were assessed in the third trimester,
and clinical examination revealed no major comorbidities
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that would influence the course of pregnancy or surgical
outcomes.

Preoperative  sonographic ~ assessment  demonstrated
considerable variation in the thickness and morphology of
the lower uterine segment scar. The measured scar thickness
ranged from thin to moderately thick, reflecting differences
in healing, tissue remodeling, and individual physiological
factors. Some scars exhibited uniform myometrial
continuity, while others displayed localized thinning or
hypoechoic areas suggestive of partial dehiscence.
Morphological assessment also identified variations in scar
contour, with some participants exhibiting smooth, regular
scars and others demonstrating irregularities or minor
adhesions. Transvaginal ultrasonography generally provided
higher resolution and clearer visualization of scar
morphology compared with transabdominal assessment,
particularly in participants with higher body mass indices.
Intraoperative evaluation revealed findings that closely
correlated with preoperative sonographic measurements.
Scars that were measured as thinner on ultrasound
frequently exhibited signs of thinning or incomplete healing
intraoperatively. In several cases, minor adhesions were
observed in association with areas of scar thinning, although
no complete uterine rupture occurred in the elective setting.
The intraoperative grading of the lower uterine segment
allowed categorization of scars based on thickness,
continuity, and overall structural integrity. Thicker scars
with uniform morphology identified on ultrasound were
generally rated as intact and robust during surgery,
confirming the predictive value of sonographic assessment.
Maternal outcomes were analyzed in relation to scar
characteristics. Participants with thinner or irregular scars
experienced longer operative times, slightly higher
estimated blood loss, and a greater need for careful
hemostasis, although no major intraoperative complications
were recorded in the cohort. There were no incidences of
bladder injury, extension of the uterine incision, or other
severe surgical complications. Postoperative recovery was
largely uneventful across the cohort, with most participants
discharged within the standard postoperative period.
Participants with thicker and morphologically intact scars
tended to have shorter operative durations and lower
intraoperative blood loss, suggesting that scar quality has a
measurable impact on surgical ease and efficiency.

Neonatal outcomes were similarly evaluated in the context
of maternal scar characteristics. Birth weights across the
cohort were within normal limits for term gestation, and
Apgar scores at one and five minutes indicated generally
good neonatal adaptation. A small proportion of neonates
required transient resuscitation, though this was not directly
associated with maternal scar thickness or morphology.
There were no neonatal admissions to intensive care for
complications directly attributable to maternal scar integrity.
Overall, the analysis indicated that maternal scar
characteristics had minimal direct impact on immediate
neonatal outcomes in the elective repeat caesarean setting.
Statistical analysis of the correlation between sonographic
scar thickness and intraoperative grading demonstrated a
significant positive relationship. Thinner scars identified on
ultrasound were more likely to correspond to lower
intraoperative grades, whereas thicker scars were associated
with higher grades and more favorable intraoperative
findings. This correlation reinforces the reliability of
sonographic assessment as a predictive tool for surgical

worldgynecologyjournal.com

planning. Regression analysis further highlighted that scar
thickness was the primary predictor of intraoperative
grading, with morphological irregularities providing
additional but less pronounced predictive value.

Analysis of maternal outcomes in relation to scar thickness
revealed that participants with thinner scars had a modest
but statistically significant increase in estimated blood loss
and operative time. These findings underscore the
importance of preoperative identification of potentially
weaker scars to anticipate surgical challenges. While no
severe maternal complications occurred, the data suggest
that awareness of scar quality allows the surgical team to
prepare for potential difficulties, optimize hemostasis, and
ensure patient safety.

Further evaluation of neonatal outcomes confirmed that
birth weight, Apgar scores, and the need for resuscitation
were generally independent of maternal scar thickness,
indicating that elective repeat caesarean delivery mitigates
the direct impact of scar integrity on neonatal adaptation.
However, maintaining awareness of maternal scar quality
remains crucial, as intraoperative challenges can indirectly
affect the neonate if surgical difficulties lead to extended
operative times or maternal hemodynamic instability.

The results also revealed a gradient effect, with scars
measuring above a certain threshold demonstrating
consistently intact morphology and favorable intraoperative
grading. Conversely, scars below this threshold, particularly
those exhibiting irregular contours or hypoechoic areas,
were more likely to show signs of thinning or partial
dehiscence during surgery. This observation supports the
use of quantitative sonographic measurement as a clinical
tool for risk stratification in women undergoing repeat
caesarean delivery.

Overall, the study findings indicate that preoperative
ultrasonography is an effective modality for evaluating the
integrity of post-caesarean scars at term. The close
correlation  between sonographic measurements and
intraoperative  findings provides evidence that such
assessments can inform surgical planning, anticipate
potential challenges, and optimize maternal safety. Maternal
outcomes, while generally favorable in the elective setting,
demonstrate a measurable relationship with scar quality,
emphasizing the clinical relevance of sonographic
evaluation. Neonatal outcomes were largely unaffected by
scar thickness, highlighting the protective effect of planned
repeat caesarean delivery.

The study also explored the practical application of
sonographic ~ findings in  preoperative  counseling.
Participants identified as having thinner or irregular scars
were informed of potential surgical considerations, allowing
for individualized planning and allocation of resources. In
cases with favorable scar characteristics, routine surgical
protocols were sufficient, reflecting the utility of
sonographic evaluation in differentiating risk levels. These
findings suggest that systematic preoperative assessment of
post-caesarean scars can enhance clinical decision-making
and improve overall obstetric care.

In summary, the results demonstrate a clear and clinically
significant association between sonographic scar assessment
and intraoperative findings. Scar thickness and morphology
provide valuable predictive information regarding surgical
difficulty and potential maternal outcomes. The study
highlights the effectiveness of ultrasound as a non-invasive,
practical tool for evaluating post-caesarean scars at term and
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underscores the importance of incorporating scar assessment
into routine preoperative evaluation. Maternal and neonatal
outcomes are favorable in the elective repeat caesarean
setting, though awareness of scar quality allows for more
precise risk stratification and optimization of surgical
management. These findings contribute to the growing body
of evidence supporting the role of preoperative sonography
in improving maternal safety, guiding delivery planning,
and enhancing overall obstetric care.

Discussion

The findings of this study provide important insights into
the relationship between sonographic measurements of post-
caesarean scars at term and intraoperative evaluation of the
lower uterine segment, as well as their implications for
maternal and neonatal outcomes. The results demonstrate a
significant correlation between scar thickness measured by
ultrasound and the structural integrity observed during
elective repeat caesarean section. Thicker, morphologically
intact scars generally corresponded to favorable
intraoperative findings, while thinner or irregular scars were
more likely to exhibit partial thinning or minor dehiscence.
These findings emphasize the predictive value of
preoperative sonographic assessment in identifying women
at potential risk for surgical complications.

The clinical significance of evaluating post-caesarean scar
integrity cannot be overstated. With the rising prevalence of
caesarean deliveries worldwide, many women present for
subsequent pregnancies with a prior uterine scar, making it
imperative to assess scar quality prior to delivery. A
compromised scar increases the risk of intraoperative
challenges, including excessive bleeding, difficulty in
achieving hemostasis, and, in extreme cases, uterine rupture.
The study demonstrates that sonographic evaluation allows
clinicians to stratify risk effectively, plan the surgical
approach, and allocate resources appropriately to manage
potential complications. This predictive capacity is
particularly valuable in elective settings, where preventive
strategies can be implemented to optimize outcomes.

The variation in scar morphology observed in this study
reflects the complex biological processes involved in uterine
healing after caesarean delivery. Factors such as surgical
technique, uterine incision type, tissue handling, and
interpregnancy interval influence scar formation, leading to
differences in thickness, continuity, and overall structural
quality. Ultrasound provides a non-invasive means of
visualizing these variations, capturing both quantitative and
qualitative features of the scar. The ability to measure the
thinnest portion of the lower uterine segment and evaluate
its contour offers an objective method for assessing scar
integrity, complementing intraoperative findings and
enhancing preoperative planning.

Maternal outcomes in this study were influenced by scar
quality, albeit within the context of elective caesarean
delivery. Participants with thinner or irregular scars
experienced modestly increased operative times and slightly
higher blood loss compared with those with thicker, uniform
scars. While no severe complications occurred, these
findings highlight the practical implications of scar
evaluation for surgical preparation. Knowledge of scar
characteristics allows the surgical team to anticipate
potential challenges, optimize intraoperative techniques, and
implement strategies to maintain hemostasis. This
proactiveapproach not only reduces the risk of
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complications but also contributes to  smoother
postoperative recovery.

Neonatal outcomes were largely independent of maternal
scar characteristics in this study, reflecting the protective
effect of planned, elective repeat caesarean delivery. Apgar
scores, birth weights, and need for resuscitation were within
normal ranges across the cohort, with no instances of
adverse neonatal outcomes directly attributable to scar
integrity. These findings suggest that elective surgical
delivery mitigates the potential impact of maternal scar
weakness on neonatal adaptation. However, the indirect
influence of maternal scar quality on neonatal outcomes
cannot be entirely disregarded, as increased operative
difficulty or maternal hemodynamic instability could
theoretically affect the neonate. The absence of such events
in this cohort underscores the effectiveness of careful
preoperative planning informed by sonographic evaluation.
The correlation between sonographic measurements and
intraoperative grading reinforces the reliability of ultrasound
as a predictive tool. Thinner scars consistently corresponded
to lower intraoperative grades, indicating reduced structural
integrity, while thicker scars demonstrated favorable
intraoperative  findings.  Morphological irregularities
observed on ultrasound, such as localized hypoechoic areas
or discontinuities, also provided additional predictive value,
though to a lesser degree than quantitative thickness
measurements. These observations highlight the importance
of integrating both guantitative and qualitative assessments
in clinical practice to achieve a comprehensive
understanding of scar integrity.

The findings also suggest the existence of a threshold effect,
whereby scars above a certain thickness consistently
exhibited favorable intraoperative characteristics, whereas
those below this threshold were more prone to thinning or
minor dehiscence. ldentifying such thresholds may aid
clinicians in risk stratification, guiding decisions regarding
the mode and timing of delivery. Patients with thinner scars
could be prioritized for elective delivery under controlled
conditions, while those with robust scars may safely follow
standard surgical protocols. This targeted approach
enhances maternal safety, optimizes surgical efficiency, and
contributes to evidence-based decision-making in obstetric
practice.

Comparison with clinical experience highlights the practical
relevance of these findings. Surgeons frequently encounter
variability in scar quality during repeat caesarean sections,
with some patients presenting with robust, well-healed scars
and others demonstrating thinning or adhesions that
complicate dissection. Preoperative sonographic assessment
provides objective data that can predict these intraoperative
challenges, allowing surgeons to plan incision placement,
anticipate potential adhesions, and allocate appropriate
personnel and resources. This proactive approach reduces
intraoperative stress, minimizes the risk of complications,
and improves overall surgical outcomes.

The study also underscores the importance of individualized
patient counseling based on scar assessment. \Women
identified with thinner or irregular scars can be informed of
potential intraoperative considerations, the likelihood of
increased operative duration, and the importance of elective
delivery planning. Providing this information empowers
patients to make informed decisions regarding delivery,
fosters trust in the clinician-patient relationship, and
supports shared decision-making. Additionally, counseling
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can alleviate anxiety by clarifying the relative risks and
outlining strategies for ensuring maternal and neonatal
safety.

From a broader clinical perspective, the integration of
sonographic scar assessment into routine obstetric care has
implications for health systems and resource allocation.
Predictive evaluation of scar integrity allows for more
efficient scheduling of elective repeat caesarean sections,
reducing the likelihood of emergency interventions that
carry higher risks. Anticipating surgical difficulty also
informs staffing decisions, operative planning, and
postoperative ~ monitoring  requirements,  ultimately
enhancing the quality of care delivered to women with prior
caesarean sections.

The study’s methodology strengthens the validity of these
findings. Prospective evaluation, standardized sonographic
measurement, and systematic intraoperative grading provide
a robust framework for assessing the predictive value of scar
assessment. Consistency in operator technique and careful
data recording minimized potential sources of bias,
enhancing the reliability of results. The comprehensive
analysis of both maternal and neonatal outcomes further
supports the clinical applicability of sonographic evaluation,
demonstrating that scar assessment can guide practical
decision-making without compromising patient safety.
Limitations of the study should be acknowledged. The
cohort was restricted to women with a single prior lower
segment caesarean section, limiting generalizability to
patients with multiple prior scars or other uterine conditions.
The elective nature of repeat caesarean delivery may also
reduce the observable impact of scar integrity on neonatal
outcomes, which could differ in cases of spontaneous labor
or emergency surgery. Additionally, the study relied on
intraoperative grading as a reference standard, which,
although practical, may be subject to interobserver
variability despite standardized protocols. Future research
could expand the population to include women with
multiple prior scars, evaluate long-term maternal outcomes,
and explore the role of advanced imaging modalities in scar
assessment.

Despite these limitations, the study provides compelling
evidence that sonographic evaluation of post-caesarean
scars at term is a valuable tool for predicting intraoperative
findings and informing clinical decision-making. The
observed correlations between scar thickness, morphology,
and surgical outcomes underscore the utility of integrating
ultrasound assessment into routine preoperative care. By
identifying patients at higher risk for surgical challenges,
clinicians can tailor delivery planning, allocate resources
efficiently, and enhance maternal safety without
compromising neonatal outcomes.

In conclusion, this study demonstrates that preoperative
sonographic assessment of post-caesarean scars at term
provides reliable predictive information regarding
intraoperative scar integrity and maternal outcomes. Scar
thickness and morphology serve as important indicators for
surgical planning, risk stratification, and patient counseling.
Maternal outcomes are influenced by scar quality, whereas
neonatal outcomes remain largely unaffected in elective
settings, highlighting the protective role of planned surgery.
Incorporating sonographic evaluation into routine obstetric
care represents a practical, non-invasive, and evidence-
based strategy for optimizing outcomes in women with
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previous caesarean sections, contributing to improved
safety, efficiency, and quality of obstetric care.

Conclusion

The study demonstrates that preoperative sonographic
assessment of post-caesarean scars at term is a reliable and
valuable tool for predicting intraoperative integrity of the
lower uterine segment. Scar thickness and morphology
measured by ultrasound showed a strong correlation with
intraoperative findings, with thinner or irregular scars more
likely to exhibit partial thinning or dehiscence, while thicker
and uniform scars corresponded to favorable surgical
outcomes. Maternal outcomes, including operative time and
blood loss, were modestly influenced by scar quality,
highlighting the clinical relevance of preoperative
evaluation. Neonatal outcomes remained largely unaffected
in the context of elective repeat caesarean delivery,
emphasizing the protective role of planned surgery.

These findings support the integration of systematic
sonographic scar assessment into routine preoperative care
for women with previous caesarean sections. Such
evaluation allows for individualized surgical planning, risk
stratification, and informed patient counseling, thereby
enhancing maternal safety and optimizing operative
efficiency. Future research may focus on defining precise
threshold values for scar thickness, expanding the study to
women with multiple prior scars, and exploring the role of
advanced imaging techniques in improving prediction of
surgical outcomes.
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