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ABSTRACT
Objective: To determine the frequency of successful trials of vaginal birth after Caesarean section (VBAC) using the Flamm and
Geiger model.
Study Design: Observational study.
Place and Duration of the Study: Obstetrics and Gynaecology Unit II of Dr. Ruth K.M. Pfau Civil Hospital, Karachi, Pakistan, from
August 2022 to January 2023.
Methodology: Women with singleton pregnancy having cephalic presentation, previous one lower segment caesarean section
(LSCS), and without any contraindication for vaginal delivery were included. Women bearing foetus having estimated weight
>3.5kg,  morbid  obesity,  multiple  pregnancies,  non-cephalic  presentation,  placenta  praevia,  abruptio  placentae,  uncontrolled
maternal comorbidities, or had previous two or more Caesarean sections were excluded. Flamm and Geiger score was applied to
record observations of successful and unsuccessful trials. The sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of the score were calculated by ROC curve, along with its area under the curve (AUC) and Youden’s index
curve, with 95% confidence interval.
Results: This study included 258 participants. Successful vaginal delivery was possible in 125 (48.4%) participants, whereas 133
(51.6%) underwent emergency Caesarean section. Cervical dilatation and effacement were the main factors assessing the success.
The Flamm and Geiger score of >5 had an area under the curve of 0.813 (0.762-0.864). The score's sensitivity was 75% (67-82%),
specificity 76% (68-82%), and PPV of 75% with an accuracy of 76%.
Conclusion:  The Flamm and Geiger  score of  >5 demonstrated high sensitivity,  specificity,  PPV,  and accuracy in  predicting later
successful vaginal birth. It is recommended as a promising and valuable tool for assessing VBAC's success in low-resource coun-
tries.
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INTRODUCTION

Globally  caesarean  section  (CS)  rates  have  increased  from
approximately 7% in 1990 to 21% in 2022.1 According to the
latest Pakistan demographic and health survey, the CS rate has
increased over the past few years from 14% in 2012-13 to 22%
in 2017-182 lagging far behind the WHO recommendation of
10%.3 A careful trial of labour after caesarean (TOLAC) may
reduce the number in approximately 75% of cases.4
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Although labour is a painful experience, TOLAC is generally
safe both for  the mother  and foetus in  most  cases.5  It  also
reduces morbidity related to elective repeat Caesarean section
(ERCS), such as shorter hospital stays, reduced blood loss, less
infection, thromboembolic events, need for transfusion, and
foetal hypoxia.5 Failed TOLAC resulting in emergency CS has its
own fetomaternal morbidity and it also causes psychological
distress to the mother.6 Therefore, to overcome this problem, a
standardised scale should be employed to categorise patients
who would benefit from a trial of scar.7

Among  the  various  available  tools,  Flamm  and  Geiger  is  a
well-known and established scoring criterion offering reason-
able  predictability  for  trial  of  scar  in  high  risk  women.8  It
considers woman's age, cervical dilatation and effacement on
admission, prior vaginal birth and indication of previous CS. All
findings are given points ranging from 0 - 4 and a score of >4 is
associated with high success rates. Reaching term pregnancy
with prior CS is made challenging by a number of risk factors in
terms of choosing the induction method and timing. It is impor-
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tant to remember that these models and scoring systems are
not definitive and cannot guarantee successful outcomes but
can only indicate a likelihood.6,9 Healthcare providers should
make a careful decision in consultation with pregnant individ-
uals considering their circumstances, preferences, and other
medical conditions.3,4,7,10

A number of researches have been conducted throughout the
world but the data on Pakistani population is still lacking due to
differences in genetics and socioeconomic dynamics, so this
research was conducted to test the scoring system and find out
the frequency of successful TOLAC as predicted by Flamm and
Geiger model.

METHODOLOGY

This observational study was conducted from 1st August 2022
to 31st January 2023 in the Obstetrics and Gynaecology Unit II of
Dr. Ruth K.M. Pfau Civil Hospital, Karachi. Approval from the
institutional review board (IRB) was taken. Sample size was
calculated by area under the curve (AUC) for the Flamm and
Geiger model which was determined to be 0.777 (95% CI 0.69,
0.85, p <0.0001), sensitivity and specificity at 72% and 76%,
respectively, with a cut-off score of 5. To maintain a 5% desired
precision level within a 95% confidence interval, a total of 258
women were enrolled in the study. Women aged between 18 to
45  years  were  recruited  meeting  inclusion  and  exclusion
criteria  and  delivering  at  the  study  unit.  Women  having
singleton pregnancy with vertex presentation, previous one
LSCS, gestational age of 32 to 41 weeks, and no contraindica-
tion to vaginal delivery were included. Women with estimated
foetal weight >3.5 kg, morbid obesity, multiple pregnancies,
non-cephalic presentation, placenta previa, abruptio placen-
tae, uncontrolled diabetes and hypertension, previous two or
more CS, history of uterine rupture, previous classical CS, and
who  refused  to  participate  were  excluded.  Written  and
informed consent was taken at the time of admission.

After admission to labour ward, detailed history and examina-
tion were conducted. Data were collected via proforma that
was filled in by the researcher. It included demographic charac-
teristics, past obstetric history, inter-delivery interval, indica-
tion of previous CS, ante- and postpartum course, pre-existing
medical conditions, and characteristics of present pregnancy
(gestational diabetes, preeclampsia, rupture of membranes
and placental localisation etc.). Obstetric abdominal examina-
tion was performed to assess foetal weight, lie, presentation,
amount  of  liquor,  engagement,  and  uterine  contractions.
Vaginal  examination  included  cervical  dilation  and  efface-
ment, presence of membranes, and colour of liquor. Labour
was  diagnosed  as  regular  and  painful  uterine  contractions
causing progressive dilatation and effacement of the cervix.

Trial of labour was offered after full counselling of pros and
cons. Flamm and Geiger score was applied to assess favoura-
bility  for  TOLAC.  No  pharmacological  method  was  implied

either for induction or augmentation of labour. Women having
spontaneous onset of labour were admitted right away and
non-labouring women were induced via intracervical foleys.
Parturients were monitored via vital signs and, abdominal and
vaginal examination. Foetal monitoring was done via cardio-
tocograph  (CTG)  and  intermittent  auscultation.  The  labour
care guide was used to monitor the events of labour. Scar dehis-
cence was suspected in cases of maternal tachycardia, pres-
ence  of  scar  tenderness,  foetal  bradycardia,  loss  of  beat--
to-beat variability, and vaginal bleeding. The trial of scar was
abandoned if any suspicion of foetal hypoxia, non-progress of
labour or impending scar dehiscence was observed. Active
management of the third stage of labour was done as recom-
mended  by  WHO.  Fetomaternal  complications  following
delivery  were  noted.  The  patients  were  divided  into  two
groups; one comprising those with successful VBAC and the
other  with  failed  TOLAC,  and  their  characteristics  were
compared.

Data were analysed using SPSS-22 (IBM, IL, USA) and Python
3.8.14 using mean, range, and SD values as appropriate for
continuous  variables  and frequencies  with  percentages  for
categorical variables. The proportions were compared using
the c2 test. The mean difference between successful vs. failed
TOLAC was applied using an independent sample t-test. The
prospective validity of the Flamm and Geiger model was deter-
mined by plotting the ROC curve and its AUC with a 95% confi-
dence  interval  (CI).  The  major  discriminating  point  of  the
Flamm  and  Geiger  score  was  established  by  computing
Youden’s J statistic and the sensitivity, specificity, PPV, and
NPV  with  95%  CI  of  the  score  at  different  discriminating
points. A p ≤0.05 was considered statistically significant in
all analyses.

RESULTS

Two hundred and fifty-eight participants were enrolled in this
study with mean age was 27 ± 5 (18 - 44) years. Half of the parti-
cipates were of age 26-35 years 129 (50%). One hundred and
fifty (58.1%) participants were second parous (gravida 1), one
third (79, 30.6%) para 3 - 4, and others (29, 11.2%) were 5 and
above.  The  participants  belonged to  a  range of  ethnicities,
including 79 Muhajir (30.6%), 73 Pathan (28.3%), 37 Sindhi
(14.3%), 25 Punjabi (9.7%), and 21 others (8.1%). The mean
BMI was 27.1 ± 5.2 (15.59 - 54.88) kg/m2, and the majority 199
(77.1%) were overweight. About half 132 (51.2%) of babies’
birth weight  belonged to 2.6 to 3.0 kg.  More than half  162
(62.8%) were term and the rest were preterm. It was found that
51 (19.8%) participants had history of vaginal birth before CS,
38 (14.7%) delivered after, and 19 (7.4%) experienced vaginal
birth both before and after CS. All women belonged to the poor
socioeconomic class. Table I shows the association between
cervical dilatation and effacement to successful VBAC. A total
of  125  (48.4%)  patients  had  successful  vaginal  delivery,
whereas  133  (51.6%)  ended  up  in  emergency  Caesarean
section.
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Table I: Outcome of VBAC with cervical effacement and dilatation.

- Successful VBAC
n (%)

Failed TOLAC
n (%)

Total
n (%)

p-value

- 125 (48.4) 133 (51.6) 258 (100) -
Cervical effacement (%)   -   -   -   -
    >75% 24 (19.2) 1 (0.8) 25 (9.7)  -
    25 - 75% 96 (76.8) 88 (66.2)  184 (71.3) <0.001*
    <25% 5 (4) 44 (33.1) 49 (19)  -
Cervical dilatation (cm)  -  -  -  -
    ≤4 cm 47 (37.6) 125 (94) 172 (66.7)   -
    >4 cm 78 (62.4) 8 (6) 86 (33.3) <0.001*
VBAC: Vaginal birth after Caesarean; TOLAC: Trial of scar after Caesarean.

Table II: Distribution of Flamm and Geiger score to success rates of VBAC.

Flamm Score Successful VBAC
n (%)

Failed TOLAC
n (%)

Total
n

2 1 (14.3) 6 (85.7) 7
3 5 (11.4) 39 (88.6) 44
4 25 (30.9) 56 (69.1) 81
5 27 (57.4) 20 (42.6) 47
6 29 (80.6) 7 (19.4) 36
7 19 (90.5) 2 (9.5) 21
8 12 (85.7) 2 (14.3) 14
9 5 (83.3) 1 (16.7) 6
10 2 (100) 0 (0) 2
VBAC: Vaginal birth after Caesarean.

Table III: The association of successful vs. failed TOLAC with different demographic and clinical parameters.

Demographics and clinical
characteristics

Successful
VBAC

Failed TOLAC Total p-value

Age (years) 27.4 (±5.2) 27.4 (±5) 27.4 (±5.1) 0.943
Parity 2.1 (±1.3) 1.7 (±1.4) 1.9 (±1.4) <0.001*
BMI (Kg/m2) 27.1 (±5.4) 27.1 (±5) 27.1 (±5.2) 0.977
Baby weight (Kg) 2.8 (±0.4) 2.8 (±0.4) 2.8 (±0.4) 0.204
Gestation age (weeks) 37.8 (±1.9) 37.7 (±1.8) 37.7 (±1.8) 0.422
Cervical effacement (%) 58.6 (±21.8) 30.8 (±14.9) 44.2 (±23.2) <0.001*
Cervical dilatation (cm) 5.4 (±2.2) 2.8 (±1.2) 4.1 (±2.2) <0.001*
Interpregnancy Interval (IPI) in months 49.1 (±32.4) 39.5 (±27.4) 44.2 (±30.2) <0.001*
Flamm score 5.8 (±1.6) 4 (±1.2) 4.9 (±1.7) <0.001*
 VBAC: Vaginal birth after Caesarean; TOLAC: Trial of scar after Caesarean.

Figure 1: Receiver operator curve for the Flamm characteristics scoring system for successful VBAC exhibiting area under the curve (AUC) and
Youden index curve best cut-off (sensitivity + specificity) index curve.
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The trial of scar was abandoned in 133 (51.6%) patients due
to  signs  and  symptoms  of  impending  uterine  rupture  62
(46.6%), non-progress of labour 24 (18%), failed induction 12
(9%),  ruptured  uterus  6  (4.5%),  and  foetal  distress  29
(21.85%). Table II shows the relationship of different scores to
the chances of successful VBAC. A higher Flamm and Geiger
score is related to better chances of successful VBAC. The
success rates were more than 80% when the score was ≥6.

Non-progress of labour as a cause of previous caesarean
section was observed in 29 (11.2%) and the rest had other
indications. Pre-existing diabetes was present in 14 (5.4%)
and  hypertension  in  23  (8.9%).  GDM  with  obstetric
cholestasis  documented  in  2  (0.8%)  and  11  (4.3%)  had
hypertensive  disorders  of  pregnancy.  Few (7,  2.7%)  had
ruptured  membranes  at  the  time  of  admission.  Table  III
demonstrated the correlation of both groups i.e. successful
and failed TOLAC with different parameters. Cervical efface-
ment, dilatation, interpregnancy interval (IPI), and increasing
Flamm and Geiger scores were significantly associated to a
success-ful trial of scar p <0.001.

Figure 1 shows that Flamm and Geiger scores of >5 had an
area under the curve of 0.813 (0.762 - 0.864). The score's
sensitivity  was  75%  (67%  -  82%),  specificity  76%  (68%  -
82%), and positive predictive value of 75% with an accuracy
of 76%. None of the patients experienced post-delivery scar
rupture  and  there  was  no  case  of  maternal  death  was
reported.

DISCUSSION

This  study  showed  that  advanced  cervical  dilatation  and
effacement are strong predictors for successful TOLAC in the
Flamm and Geiger model. Apart from this, multiparity and
interpregnancy interval were also found to favour successful
TOLAC.  The  findings  of  this  study  revealed  an  insignificant
relationship in women with and without a history of previous
vaginal birth after caesarean unlike other studies. Failure of
the trial was a result of signs and symptoms of impending
rupture, prolonged labour, foetal distress, and failed induction
while most patients with scores of ≥5 had successful VBAC,
many  patients  with  a  total  score  of  ≤3  at  the  time  of
admission  underwent  an  EmCS.  Overall,  with  an  advance
total score the likelihood of a successful VBAC also increased
which is comparable to other studies.11,12 Age and ethnicity
did  not  offer  statistically  significant  differences  between  the
two groups under consideration.

Of the 258 patients who underwent TOLAC, 52.6% undergone
EmCS which is equivalent to study by Panchal et al.13  This
high C/S rate is due to a greater number of referrals, lack of
antenatal care, unbooked patients, and iterative caesareans
in  the  hospital.  The  current  study  confirmed  the  findings  of
Ray et al.11 that scar tenderness was the most frequent cause
of EmCS in patients undergoing TOLAC. A similar incidence of

the most feared complication of TOLAC i.e. uterine rupture
was also found by Takeya et al. in Japan.14

Several studies report a higher success rate of VBAC which
differs  from  the  findings  of  this  study15-18  owing  to  factors,
such as better antenatal care, less infection, strong scars,
good nutrition, and efficient intrapartum care. Various studies
from  different  regions  report  a  success  rate  compar-able  to
this study.19,20 Overall low success rates were observed from
India,21  South Africa,22  Australia.23  It  is postulated that low-
resource  settings  cannot  provide  vigilant  care  for  TOLAC
efficiently which includes one-to-one care, continuous electro-
nic foetal monitoring, and availability of operating rooms.

Strengths of the study include high patient turnover at the
place belonging to a wide range of ethnicities from all over
the country. This eliminated any influence on results owing to
differences in genetics.

Limitations  of  this  study  included  difficulty  in  assessment  of
scar  strength  which  cannot  be  measured  reliably  by  any
means and usually is not good presumably related to a high
rate of post-partum infections and poor nutritional status of
Pakistani  women.  Other  contributory  factors  were  non-
availability of continuous CTG or foetal blood sampling, over
burdening  of  labour  staff,  unbooked  patients,  and  increased
referrals, therefore a low threshold for CS was kept. There
was a high rate of uterine rupture in contrast to one reported
in  the  literature  because  of  the  same  reasons.20  This
necessitates the application of a validated score like Flamm
and Geiger to reduce fetomaternal morbidity and burden on
the healthcare system and facilitate clinicians and patients
alike.  Another  similar  model  i.e.  Grobman’s  with  some
alterations was used by Wen et al.24 Although  their success
rate for VBAC was higher, the model had AUC comparable to
the score used in this study, reinforcing the fact that scoring
systems provide great help in decision-making.

CONCLUSION

This  study depicted a  high accuracy for  the prediction of
success of the trial of scar while using the Flamm and Geiger
scoring  system.  Clinicians  should  take  advantage  of  such
validated  scoring  systems  to  counsel  patients  and  make
informed decisions regarding their mode of delivery.
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