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ABSTRACT

Objectives: Caesarean section is the most commonly performed procedure
known to be associated with the development of intra-abdominal adhesions.
These adhesions may lead to difficult repeat surgery and complications like
haemorrhage, bladder and bowel injury. Determining which women are at risk
for adhesions would help with triaging which women may have a risk for a
complicated repeat surgery. The presence of abdominal striae gravidarum,
among others has been proposed as one of the preoperative prediction tools for
intraperitoneal adhesions.

Design: This was a prospective observational study

Setting: Nelson Mandela Academic Hospital, a tertiary hospital in the Eastern
Cape region of South Africa between July 2021 and July 2022.

Participants: 419 women with a previous caesarean section scar were
approached in the third trimester and examined for severity of striae gravidarum.
Methods: The severity of striae gravidarum was determined according to
Davey's scoring system. Intraperitoneal adhesions were evaluated according to
the modified Nair scoring system. Three groups were established according to
the severity of striae gravidarum, we assessed whether we could use this method
to predict the presence of intraperitoneal adhesions at repeat caesarean section.
Results: Between July 2021 and July 2022 we enrolled 419 women. Adhesions
were present in 53.5%. Then 17.4% (N=73/419) had severe striae gravidarum,
and 4.5% (N=19/419) had mild striae gravidarum. Women with dense adhesions
were older, had more previous caesarean sections, longer incision-to-delivery
time and more blood loss. The presence of mild/moderate striae gravidarum had
a sensitivity of 27.23% and specificity of 84.10. The presence of severe striae
gravidarum had a sensitivity of 21.4% and specificity of 87.2%. The presence of
striae gravidarum in overall did not predict adhesions.

Conclusions: Although the striae gravidarum has a low sensitivity in predicting
dense intraperitoneal adhesions, it has an excellent specificity. The striae
gravidarum can therefore be used by surgeons to identify patients who are
unlikely to have dense intraperitoneal adhesions. This would be particularly
useful in district hospitals for triaging patients with previous caesarean sections
whom they can operate safely, while referring others to level 2 or 3 hospitals. The
results cannot be generalized because there were very small number of patients
with striae gravidarum. More studies are needed before the results can be
applied to the general population.
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Caesarean section is the most commonly
performed abdominal surgery worldwide.’

Unfortunately, there are complications associated
with this surgery, which include intraperitoneal
These

subsequently associated with maternal and

adhesion  formation. adhesions  are
perinatal morbidities such as delayed delivery of
the baby, postpartum haemorrhage (PPH), bowel
and bladder injury during adhesiolysis, and it may
lead to mortality especially in cases where the
surgeon is less experienced in dealing with these
adhesions. The incidence of intraperitoneal
adhesion formation after caesarean section is
estimated to be between 24% and 83%.%34
Identifying which women may be at risk for dense
intraperitoneal adhesions may be important. If one
could identify which women were at high risk, it
would allow for triage, planning and counselling of
patients about the associated complications. The
surgeon may decide to use midline skin incision
instead of transverse skin incision on those patients
identified as high risk of dense adhesions on
triaging. This would be particularly valuable in low-
and-middle income countries where surgeries are

often performed in rural areas with less support.

Several non-invasive methods have been
investigated for the prediction of intra-peritoneal
adhesions following surgery. These include the
presence of severe abdominal striae gravidarum, >
¢ abdominal scar characteristics including the type
of skin incision, the number of incision and features
of the scar, and transabdominal ultrasound
imaging to assess uterine mobility by assessing if
the uterus can slide under the anterior abdominal
wall (sliding sign).”"® The index study, among other
predictive methods, was evaluating whether the
presence of striae gravidarum could be predictive
of dense intraperitoneal adhesions in those

patients undergoing repeat caesarean section.

Striae gravidarum are the linear bands formed as a
result of the structural changes in the connective

tissue which is observed frequently in pregnancy.

Their prevalence varies between 50% and 90%."
Among others, this noninvasive method has been
studied as a possible predictor of intraperitoneal
adhesions. It is simple, cheap, noninvasive and

easy to learn.

We aimed to prospectively evaluate whether the
presence of striae gravidarum could correctly
predict the presence of dense intraperitoneal
adhesions in patients undergoing a repeat

caesarean section in third trimester.

Study cohort and design

This  prospective observational study was
conducted at Nelson Mandela Academic Hospital,
a referral hospital in the Eastern Cape Province of
South Africa. Consecutive pregnant women
scheduled for a repeat caesarean section who were
over 18 years of age and signed informed consent
were included. Women who needed an urgent
delivery where there was no time for preoperative

assessment were not included.

The preoperative assessments of striae gravidarum
was performed by one researcher (MM) who did
not perform any of the caesarean sections. Striae
gravidarum characteristics were described using
the Davey scoring system. To do this, the abdomen
was divided into four quadrants at the midline and
horizontally through the umbilicus. Each quadrant
was given a score. No points were allocated if there
were no striae. One point was given for moderate
striae defined as 1 to 3 striae per quadrant and 2
points were given if there were 4 or more striae. A
total score of 0 to 2 was classified as no to mild
striae. A score of 3-8 was considered to represent

severe striae gravidarum.

All surgeons were trained to describe adhesions
and were classified using a method described by
Tulandi & Lyell." Adhesions were described by
severity and site, in this system we used a point
system, and the scores from multiple sites,

between uterus and bladder, between uterus and
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abdominal fascia, between uterus and omentum,
between omentum and abdominal fascia, and
adhesions from other pelvic structures that
interfere with the delivery were additive. These
were described if they were filmy or dense
adhesions. The area of incision covered by
adhesions was divided into <3cm, 3-6 cm, and >6
cm.

Women with filmy adhesions and no adhesions

were compared to women with dense adhesions.

Time from skin incision to incision of the uterus,
time from skin incision to delivery of the baby, and
overall surgical time were collected. Perinatal
outcomes included 5-minute Apgar scores, birth
weight and birth injuries. Data on adhesiolysis,
bowel and/or bladder injuries, intraoperative
bleeding, and/or the need for hysterectomy were
collected. Charts were reviewed for short-term
complications  like ~ haemorrhage, = wound
haematoma, wound infection and deep vein

thrombosis.

Data was collected on data sheets and then
transferred into Microsoft Excel, cleaned, checked
and then exported to Statistical Package for the
Social Sciences (SPSS) software program for
analysis.

Statistical methods

The prevalence of adhesions post caesarean
section was estimated to be 50% based on the
study done by Nuamah et al ' and Moro et al *°.
Using an alpha error of 0.05 at power of 80% with
95% confidence levels, the estimated sample size
was 384." We increased the sample size by 10% to
account for dropouts and loss to follow up. The

final sample size was 420.

Categorical  variables were expressed as
frequencies and proportions. Univariate analyses
were performed for categorical variables using Chi-
square or Fisher's exact test. Continuous variables
were presented as means with standard deviations,

if normally distributed. If the data was skewed it

was presented as medians with interquartile ranges
and were compared using the Student T-test or
Mann-Whitney  U-test as

sensitivity, specificity, positive and negative

appropriate.  The

predictive values, and the positive and negative
likelihood ratios were calculated. Odds ratios were
calculated for the patients to assess the odds of
finding adhesions at repeat caesarean section in
patients with normal and abnormal striae. For
multivariable analysis, forward conditional logistic
regression was used with intraperitoneal adhesions
as the dependent variable, and age, BMI, number
of caesarean  sections, abdominal  scar
characteristics, striae gravidarum as independent
variables. Age, BMI and the number of caesarean
sections were included as continuous variables,
while all other variables were categorical. The level
of significance was set at 5% (p <0.05) for all
comparisons. For multivariable analysis, forward
conditional logistic regression was used to identify
the predictive performance of bivariate significant
variables in the prediction of intra-peritoneal

adhesions.

Ethical considerations

Prospective ethical clearance (Certificate No.
061/2021) was obtained from the Ethics and
Biosafety Committee of the Faculty of Health
Sciences, Walter Sisulu University. Permission to
conduct the research was also sought from the
Eastern Cape Department of Health.

Background characteristics

440 women were approached and 420 were
included, and 20 women declined to be involved
because they did not consent. We were able to
collect outcome data on 419 women. One woman

who was included was under 18 years old.

Baseline characteristics are presented in table one.
Half of the women were obese. Women were more

likely to have dense intraperitoneal adhesions if
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they were older and had more than 2 previous

caesarean sections.

Table 1: Demographic characteristics of 419 repeat caesarean section participants.

All Dense Filmy None
Variable Median (IQR) Mean rank Mean rank Mean rank P-value*
Age (years) 29 (25-33) 239.45 197.08 188.99 <0.0001
BMI (kg/m2) 30 (27-34) 222.62 202.87 201.47 0.224
Gravity 3 (3-4) 249.46 199.36 179.83 <0.0001
Parity 2 (2-3) 250.95 191.03 181.09 <0.0001
GA (week/days) 38 (37.4-38.3) 206.26 223.25 209.16 0.640
Previous CS 2(2-2) 263.47 202.81 166.93 <0.0001

*Kruskal-Wallis H, BMI (Body mass index), GA (Gestational age), CS (caesarean section)

Adhesions were present in 53.5%(224/419) and
absent in 46.5%(195/419). Almost 40% (165/419)
participants had dense intra-peritoneal adhesions
and 14.1% (59/419) had filmy adhesions. Of those
with adhesions, 98.2% (220/224) had adhesions
between the anterior abdominal wall and the
uterus, and 74.1%, 166/224) involved the bladder
and anterior abdominal wall. Omental-uterine
adhesions were found in 17.9% (40/224). Only
2/224 (0.9%) had adhesions between bowel and
the uterus. In terms of how many anatomical sites
involved: Multi-site adhesions were observed in
171/224 (76.3%) women, with the 140/224 (82.0%)
having adhesions at two sites, 29 (17.0%) at three
sites, and two (1.2%) at all four intra-peritoneal
sites, which refers to the uterus, bladder, bowel,
and omentum, as per the classification of intra-
abdominal adhesions by Tulandi and Lyell 15. The

incision-to-delivery time was significantly longer in
women with dense adhesions, and estimated
blood loss was more during surgery. The incision-
to-delivery times in minutes were 31.8 minutes,
19.5 minutes, and 12.2 minutes when there were
adhesions, adhesions, or no

dense filmy

intraperitoneal adhesions respectively.

The estimated blood loss during surgery was 297
mL, 172 mL, and 147 mL when there were dense
adhesions, filmy adhesions, or no adhesions,
respectively. There were no differences in 5-minute
APGAR scores between the groups. In terms of the
level of the surgeon, in 392 repeat caesarean
sections, the surgeon was an experienced registrar,
and in the case of 27 repeat caesarean sections,
the surgeon was an experienced medical officer
(those waiting to join the registrar programme).

© 2025 European Society of Medicine 4



Table 2: Immediate maternal and neonatal outcomes following repeat caesarean section

Outcome variables Median (IQR) Minimum — Maximum
Incision-to-delivery time (minutes) 12 (10 - 15) 8 -50
Blood loss (ml) 400 (400 - 500) 150 - 1800
Apgar scored at 5 minutes 9(8-9) 6-9
Apgar score at 10 minutes 10 (10 - 10) 7-10
Complications (n=8) N %
Post-partum Haemorrhage 4 50.0
Wound sepsis 1 12.5
Bladder injury 3 37.5

Accuracy of striae gravidarum in predicting
intraperitoneal adhesions

In predicting the presence of intra-peritoneal
adhesions, the presence of mild/severe striae
gravidarum had a sensitivity of 27.23% (95% Cl:
22.97-31.49), and a specificity of 84.10% (95% Cl:
80.60-87.60), indicating that the characteristics of
striae gravidarum could not accurately identify
women with intraperitoneal adhesions but could
correctly exclude those without adhesions. The
positive predictive value (PPV) was 66.3% (95% Cl:
61.78-70.83) and the negative predictive value
(NPV) was 50.2% (95% Cl: 45.37-54.94). Thus, only
slightly more than half of women who were
suspected to have adhesions had it and only half of
those suspected of not having adhesions turned
out to not have adhesions. The positive likelihood
ratio (LR+) was 1.71, and the negative likelihood
ration (LR-) was 0.87. The LR+ is very small and the
LR- is large signifying that this characteristic should
not be used in determining the probability of

adhesions during repeat caesarean section.

The sensitivity of severe striae gravidarum in the
prediction of intra-peritoneal adhesion was 21.4%
(95% Cl: 17.50%-25.36) and the specificity was
87.2% (95% Cl: 83.98-90.38), indicating that it had
a low ability to accurately identify participants with
adhesions but a good ability to accurately classify
participants without adhesions. The PPV was
65.75% (95% Cl: 61.21-70.30) and the NPV was
49.13% (95% Cl: 44.53-53.92). The PPV showed
that among those with severe stria gravidarum, the
probability of having adhesions was 65.75%.
Similarly, based on the NPV, participants
suspected of not having adhesions (absence of
severe striae gravidarum) had a lower probability of
truly not having adhesions.

Severe striae had an LR+ of 1.67 and an LR- of 0.90
(Table 3). Since the expectation is to get a large
LR+ and a small LR-, this means that severe striae
gravidarum will only produce a very small shift in
post-test probability and thus will not help
determine intra-peritoneal adhesions and its
absence in participants undergoing repeat

caesarean section.
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Table 3: Accuracy of striae gravidarum in the prediction of intra-peritoneal adhesion

Accuracy indicators

Mild/moderate striae gravidarum

Severe striae gravidarum

% (95%Cl)

% (95%Cl)

Sensitivity

27.23% (22.97% - 31.49%)

21.43% (17.50% - 25.36%)

Specificity

84.10% (80.60% - 87.60%)

87.18% (83.98% - 90.38%)

Positive Predictive Value

66.30% (61.78% - 70.83%)

65.75% (61.21% - 70.30%)

Negative Predictive Value

50.15% (45.37% - 54.94%)

49.13% (44.35% - 53.92%)

Positive Likelihood Ratio 1.71

1.67

Negative Likelihood Ratio 0.87

0.90

The proportion of women with intra-abdominal
adhesions found in the index study is on the higher
side, although still in the range found following
caesarean section by Awonuga et al 2% Caution
may be needed in applying the findings to the
general population due to small number of
patients who had striae gravidarum in the study
and due to low sensitivity in identifying women at
high risk of adhesions.

Risk factors for intra-peritoneal adhesions
following caesarean section

The median age of the women who participated in
this study was 29 years (IQR = 25-33). The women
who had dense intra-peritoneal adhesions were
significantly older than those with filmy or no
adhesions (p<0.0001). Nuamah, in Ghana, also
found that women with intra-peritoneal adhesions
were significantly older than those without
adhesions.” This difference is probably because
the older women may have a higher parity and a
bigger number of previous caesarean sections. It is

known that the incidence of adhesions following

caesarean section increases with each repeat
caesarean section to reach approximately 83% with
the fourth caesarean section.’?" In the index study,
parity was significantly higher among women who
had dense intra-peritoneal adhesions compared to
those with filmy or no adhesions (P<0.0001). In
addition, the women who had dense intra-
peritoneal adhesions also had a greater number of
previous caesarean sections than those who had
filmy or no adhesions, and this difference was also
statistically significant (p<0.0001).

In the index study, 50% of the women had a body
mass index (BMI) of =30 kg/m2 and were therefore
obese. Obesity has been implicated as a risk factor
for striae gravidarum and intra-peritoneal
adhesions following caesarean section.?? Although
women with dense intraperitoneal adhesions had a
higher BMI than those with filmy or no adhesions,
this difference was not statistically significant
(p>0.05).

Striae gravidarum characteristics
Abbas et al investigated the value of the Davey
Score for striae gravidarum in predicting the

© 2025 European Society of Medicine 6



presence of pelvic adhesions prior to repeat
caesarean delivery.’” Patients were divided into two
groups depending on the Davey Score of the striae
gravidarum. Patients with a score of 0-2 were in

group |, and patients with a score of 3-8 were in

group Il

Pelvic adhesions were evaluated during repeat
caesarean section, and the pelvic adhesions were
classified according to the Nair scoring system.
Approximately 90% of women with severe striae
(score 3-8) were found to have pelvic adhesions,
compared with 82.5% of women with no striae or
only mild striae (score 0-2). The Nair score was
significantly correlated with the Davey score. They
concluded that the striae gradvidarum score in
women with a previous caesarean section might
help in preoperative prediction of pelvic adhesions
status before repeat surgery. Other studies have
had more or less similar findings.?*?¢ These findings
were contrary to the findings of the index study as
it did not correctly predict adhesions in a repeat
caesarean section.

The Davey scoring system for classifying
abdominal striae gravidarum first described in
1972 was used in the current study.?” Of the 419
women who participated in this study 78% (N=327)
did not have any abdominal striae gravidarum,
whereas 17.4% (N=73) had
gravidarum, and 4.5% (N=19) only had mild striae

gravidarum.

severe striae

In predicting the presence of intra-peritoneal
adhesions, the presence of mild/severe striae
gravidarum had a sensitivity of 27.23% (95% CI:
22.97-31.49), and a specificity of 84.10% (95% Cl:
80.60-87.60), indicating that the characteristics of
striae gravidarum could not accurately identify
women with intraperitoneal adhesions but could
correctly exclude those without adhesions. The
positive predictive value (PPV) was 66.3% (95% Cl:
61.78-70.83) and the negative predictive value
(NPV) was 50.2% (95% Cl: 45.37-54.94). Thus, only
slightly more than half of women who were

suspected to have adhesions had it and only half of

those suspected of not having adhesions turned
out to not have adhesions. The positive likelihood
ratio (LR+) was 1.71, and the negative likelihood
ration (LR-) was 0.87. The LR" is very small and the
LR is large signifying that this characteristic should
not be used in determining the probability of

adhesions during repeat caesarean section.

The sensitivity of severe striae gravidarum in the
prediction of intra-peritoneal adhesion was 21.4%
(95% Cl: 17.50%-25.36) and the specificity was
87.2% (95% Cl: 83.98-90.38), indicating that it had
a low ability to accurately identify participants with
adhesions but a good ability to accurately classify
participants without adhesions. The PPV was
65.75% (95% Cl: 61.21-70.30) and the NPV was
49.13% (95% Cl: 44.53-53.92). The PPV showed
that among those with severe stria gravidarum, the
probability of having adhesions was 65.75%.
based on the
suspected of not having adhesions (absence of

Similarly, NPV, participants
severe stria gravidarum) had a lower probability of
truly not having adhesions.

Severe striae had an LR+ of 1.67 and an LR- of 0.90
(Table 3). Since the expectation is to get a large
LR* and a small LR-, this means that severe striae
gravidarum will only produce a very small shift in
post-test probability and thus will not help
determine intra-peritoneal adhesions and its
absence in

participants undergoing repeat

caesarean section.

Solyman et al, assessed striae gravidarum and scar
characteristics in 400 women.?” They concluded
that abdominal striae and abdominal scar
characteristics  were good predictors  of
intraperitoneal adhesions. They found that a striae
gravidarum Davey score of >6 had a sensitivity
61.3% and a specificity of 82.8% in predicting intra-
abdominal adhesions. In contrast, in the index
study, a Davey score >3 had a sensitivity of only

21.43% and specificity of 87.2%.

The results of the index study do not support the
use of the severity of striae gravidarum in

© 2025 European Society of Medicine 7



Abdominal striae gravidarum in Preoperative prediction of severe intraperitoneal adhesions in women undergoing repeat
caesarean section

predicting  intra-abdominal adhesions alone.
However, Mayibenye et al, in the index study
discovered that, the accuracy of preoperative
prediction of intra-abdominal adhesions in women
undergoing repeat caesarean section increases
with combination of different predictive methods
such as sonographic sliding sign, scar
characteristics, and striae gravidarum, rather than a
single method *. Therefore, more studies are

needed for generalizing the results.

Figure-1 shows striae gravidarum picture by
Buchana et al.*> Majority of patients in this study
had adhesions like this one, which is describhed as
severe striae according to Davey scoring system.
According to Solyman et al,”’ this type of striae is
associated with dense intraperitoneal adhesions as
shown in figure-2. However, the index study did
not show any statistically significant correlation
between striae gravidarum and dense adhesions.®

Figure-1 Striae gravidarum
(Buchanan et al., 2010)

Figure-2: Dense intraperitoneal adhesions
(Nieto-Calvache et al., 2025)

Research implications

The method is easy to learn for the medical officers
and registrars

More studies should be done to assess if it can be
used to triage women undergoing repeat
caesarean section in district hospitals and identify
patients who may need to be referred to a higher
level of care for repeat caesarean section.

Conclusion

Although the striae gravidarum has a low sensitivity
in predicting dense intraperitoneal adhesions, it
has an excellent specificity. The striae gravidarum
can therefore be used by surgeons to identify
patients who are unlikely to have dense
intraperitoneal  adhesions.  This would be
particularly useful in district hospitals for triaging
patients with previous caesarean section who they
can operate safely, while referring others to level 2
or 3 hospitals. The results cannot be generalized
because there were very small number of patients
with striae gravidarum. More studies are needed to
before applying the results to the general

population.
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