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Vaginal Birth After Cesarean
Delivery in the Friuli-Venezia Giulia
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2005-2015
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W. C. Heymann®’ & F. Barbone?

Although there is no evidence that elevated rates of cesarean sections (CS) translate into reduced
maternal/child perinatal morbidity or mortality, CS have been increasingly overused almost everywhere,
both in high and low-income countries. The primary cesarean section (PCS) has become a major driver
of the overall CS (OCS) rate, since it carries intrinsic risk of repeat CS (RCS) in future pregnancies. In our
study we examined patterns of PCS, planned PCS (PPCS), vaginal birth after 1 previous CS (VBAC-1)
and associated factors in Friuli Venezia Giulia (FVG), a region of North-Eastern Italy, collecting data
from its 11 maternity centres (coded from A to K) during 2005-2015. By fitting three multiple logistic
regression models (one for each delivery mode), we calculated the adjusted rates of PCS and PPCS
among women without history of CS, whilst the calculation of the VBAC rate was restricted to women
with just one previous CS (VBAC-1). Results, expressed as odds ratio (OR) with 95% confidence interval
(95%Cl), were controlled for the effect of hospital, calendar year as well as several factors related to

the clinical and obstetric conditions of the mothers and the newborn, the obstetric history and socio-
demographic background. In FVG during 2005-2015 there were 24,467 OCS (rate of 24.2%), 19,565

PCS (19.6%), 7,736 PPCS (7.7%) and 2,303 VBAC-1 (28.4%). We found high variability of delivery mode
(DM) at hospital level, especially for PCS and PPCS. Breech presentation was the strongest determinant
for PCS as well as PPCS. Leaving aside placenta previa/abuptio placenta/ante-partum hemorrhage,
further significant factors, more importantly associated with PCS than PPCS were non-reassuring fetal
status and obstructed labour, followed by (in order of statistical significance): multiple birth; eclampsia/
pre-eclampsia; maternal age 40-44 years; placental weight 600-99 g; oligohydramios; pre-delivery LoS
3-5 days; maternal age 35-39 years; placenta weight 1,000-1,500 g; birthweight < 2,000 g; maternal
age > 45 years; pre-delivery LoS > 6 days; mother’s age 30-34 years; low birthweight (2,000-2,500 g);
polyhydramnions; cord prolaspe; >6 US scas performed during pregnancy and pre-term gestations (33—
36 weeks). Significant factors for PPCS were (in order of statistical significance): breech presentation;
placenta previa/abruptio placenta/ante-partum haemorrhage; multiple birth; pre-delivery LoS >3
days; placental weight > 600 g; maternal age 40-44 years; >6 US scans performed in pregnancy;
maternal age > 45 and 35-39 years; oligohydramnios; eclampsia/pre-eclampsia; mother’s age 30-34
years; birthweight <2,000 g; polyhydramnios and pre-term gestation (33-36 weeks). VBAC-1 were
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more likely with gestation > 41 weeks, placental weight <500 g and especially labour analgesia. During
2005-2015 the overall rate of PCS in FVG (19.6%) was substantially lower than the corresponding figure
reported in 2010 for the entire Italy (29%) and still slightly under the most recent national PCS rate for
2017 (22.2%). The VBAC-1 rate on women with history of one previous CS in FVG was 28.4% (25.3%
considering VBAC on all women with at least 1 previous CS), roughly three times the Italian national
rate of 9% reported for 2017. The discrepancy between the OCS rate at country level (38.1%) and FVG's
(24.2%) is therefore mainly attributable to RCS. Although there was a marginal decrease of PCS and
PPCS crudes rates over time in the whole region, accompained by a progressive enhancement of the
crude VBAC rate, we found remarkable variability of DM across hospitals. To further contain the number
of unnecessary PCS and promote VBAC where appropriate, standardized obstetric protocols should

be introduced and enforced at hospital level. Decision-making on PCS should be carefully scrutinized,
introducing a diagnostic second opinion for all PCS, particularly for term singleton pregancies with
cephalic presentation and in case of obstructed labour as well as non-reassuring fetal status, grey

areas potentially affected by subjective clinical assessment. This process of change could be facilitated
with education of staff/patients by opinion leaders and prenatal counseling for women and partners,
although clinical audits, financial penalties and rewards to efficient maternity centres could also be
considered.

Cesarean section (CS) is one of most common major surgical procedures, life-saving both for the mother and
the newborn when medically indicated?. However, as with all surgical operations, CS exposes the woman
and the infant to relevant immediate as well as long term health risks, potentially affecting also the course and
outcome of subsequent pregnancies'~. The main obstetric complications associated with CS include maternal
death, post-partum infection, uterine rupture, bladder injury, abnormal placentation, ectopic pregnancy, still-
birth, preterm birth, other>!%-12, Further, there is also growing evidence that CS may alter the hormonal and
micro-biological physiology of the infant, compromising the flora of the gut and potentially increasing the risk of
allergies by interfering with the development of the child’s immune system. These alterations seem to have a role
in the enhanced risk of asthma and also on childhood obesity later in life!2.

CS should therefore be performed only if clinically indicated, especially considering also the associated
enhanced health care costs as compared to a vaginal delivery (VD)"!*-16, In Ireland it was estimated that a planned
CS costs 739 € more than a VD, and an urgent/emergency CS (UCS) is 1,180€ more expensive than a VD',

Given there is no evidence that elevated CS rates would translate into reduced maternal/child perinatal
mortality, since 1985 WHO has been advocating the maintenance of the CS rate not to be higher than 10-15%
in any region of the world"", although recent evidence suggests a cutoff of 19% would be more reasonable’s.
Nonetheless, CSs have been increasingly overused almost everywhere in the past decades'®*’, becoming a pan-
demic phenomenon, with almost a third of women worldwide now delivering by CS**2. An overall 29.7 million
births (21.1% rate) occurred by CS in 2015 across the globe, almost doubling the corresponding rate of 2000
(12.1%), and an estimated 6.2 million CSs are performed in excess (without medical justification) worldwide
each year"?,

The primary CS (PCS) rate has become a major driver of the overall CS (OCS) rate, accounting for more than
two thirds of all CSs in the USA?*-2%, Due to the uterine scar, the first CS carries intrinsic risk of repeat CS (RCS)
in future pregnancies, justifying the Cragin’s dictum back in 1916 “once a cesarean always a cesarean™. RCSs after
a previous CS are significant contributors to the increase of OCS rate?. In 1996, the PCS rate in US was 14.5%,
becoming 23.4% in 2007, thus increasing by more than 60%2%. This trend has been continuing, as confirmed in
another study at Yale-New Haven Hospital (US) during 2003-2009, reporting a 50% increase of OCS attributable
to enhancing PCS rate?’. Since it impacts the number of unnecessary CS%, a great deal of attention has recently
been placed on the main reasons advocated by clinicians in decision-making for PCS?,

The planned PCS (PPCS) is an obvious target for reducing the PCS rate, to avert the vicious circle of RCSs
that may subsequently arise. The critical importance of containing the planned RCS (PRCS) was endorsed by
an Australian study on 81 hospitals in New South Wales, reporting that women with singleton term pregnancy,
cephalic presentation and history of one previous CS constituted the strongest proportion (34%) of the OCS
rate”. The greatest risk associated with CS is maternal death, reportedly 2.84-3.11 more likely with PPCS as
compared to VD331,

Trial of labor after CS (TOLAC) is a programmed attempt to deliver vaginally for a woman with previous CS.
This approach enables the opportunity to achieve a vaginal birth after CS (VBAC), a realistic option for some women
with history of CS, which should be encouraged with the view of containing the number of unnecessary CS*.

For decades women were discouraged from VBAC, due to the risk of rupture of the previously vertically
incised large uterine muscle during contractions®. This risk increases with number of previous CS. The introduc-
tion of the transverse lower incision diminished this risk and allowed more women to try TOLAC*>**. TOLAC
is now widely recommended in appropriately selected and supported pregnant women with up to two transverse
low-segment CS*. It is argued that a substantial fraction of the observed worldwide increase of planned CS in the
last decades is attributable to decreasing VBAC rates*, which started to plummet in the mid 1990ies, in coinci-
dence with the publication of some studies emphatizing the health risks associated with TOLAC (especially uter-
ine rupture), with debatable evidence though®*-%. After an initial sharp increase during 1990-1996, the VBAC
rate in fact progressively declined from 32% to <10% in Massachussets (USA) during 1996-2012. The same rate
importantly diminished also in the State of Hesse (Germany) from 48% to 25% during 1990-2012 and from 64%
to 33% during 1990-2014 in two major maternity centres of Dublin (Ireland)*.
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However, in addition to reduced medical expenditures, an adequate choice of TOLAC (in strict compliance
with obstetric guidelines) instead of unnecessary RCS provides a number of advantages, including quicker recov-
ery time post childbirth and a reduction of untoward maternal sequelae (hysterectomy, bowel/bladder injury,
transfusion and placenta previa)***. In particular, a systematic review of 203 studies reported a significantly
higher risk of maternal mortality following planned RCS (PRCS) as compared with planned TOLAC (13.4 vs.
3.8 per 100,000). Focusing on term pregnancies, a fifthfold increase of maternal mortality was observed among
women receving PRCS as compared with those undergoing planned VBAC. Women undergoing PRCS also had
higher risk of embolia and longer length of hospital stay following delivery (1.4 days more), as compared with
those opting for TOLAC*..

Despite the evidence of safety and feasibility of TOLAC and the recognized health risks associated with RCS,
the average rate of VBAC in the whole of Italy is still low (9-11%)*>**. Since Italy also has the highest CS rate
(38.1%) among all European countries, and considering countries as Sweden, Finland and the Netherlands
reportedly managed to reach a 45-55% VBAC rate, there is an urgent need to develop and evaluate multifaceted
prenatal and perinatal interventions to effectively reduce the number of unnecessary CS in Italy, also promoting
VBAC where appropriate®*2.

In view of the above, we examined the patterns of PCS, PPCS, VBAC and associated factors in Friuli Venezia
Giulia (FVG), a region of North-Eastern Italy, during 2005-2015, to provide epidemiological figures potentially
useful to design health care policies aimed at evaluating and containing the CS rate on a regional and national
scale.

Methods

Ethics Statement. The present study is part of a project named “The Health of Mothers and Children of
Friuli-Venezia Giulia (FVG) and Associated Factors”, approved by the Scientific Directorate of IRCCS “Burlo
Garofolo” and submitted to the Italian Ministry of Health (MoH) on 28/10/2016 (Research Workflow ID:
2016009504). Approval to conduct the study was granted by the Regional Health Authority of FVG, a regional
governmental body accountable for issuing routinely collected anonymized patients’ data to research insitutions.
According to the Italian privacy law (Legislative Decree 101/2018, D.Lgs 101/2018) regional data from the Italian
National Health Service (NHS) can be used for scientific purposes within the frame of approved studies/protocols.
Provided sentitive information is anonymized, informed consent from patients is waived.

The database. The present investigation employs a population-based cross-sectional design.

Data from the 11 maternity services of FVG during calendar years 2005-2015 were extracted from the
Regional Repository, a database anonymously storing administrative information from the Italian NHS.

The database we analyzed included information from two sources: hospital discharge forms (ICD-9 codes)
and the Certificate of Delivery Care (CEDAP, Italian acronym), a formatted questionnaire collecting clinical and
personal information on women and newborns (supplementary file)!*1444,

We used the following ICD-9 codes to retrieve the obstetric conditions associated with each childbirth:

o Polyhydramnios: 657.0;

+ Oligohydramnios: 658.0;

o Antepartum hemorrhage, abruptio placentae and placenta previa: 641.(0-1-2-3-8-9);
o Obstructed labour (except shoulder girdle dystocia): 660.(0-1-2-3-5-6-7-8-9);

o Non-reassuring fetal status: 656.3;

o Cord prolapse: 663.0;

o Premature rupture of membranes (PROM): 658.1;

o Eclampsia/pre-eclampsia: 642.(4-5-6-7);

o Rhiso-immunization: 656.1;

The rest of data derived from CEDAP, in which delivery modes (DM) are defined as follows:

Vaginal delivery (VD) without forceps or vacuum extraction;
Planned CS or CS for failed induction;

CS during labour or urgent CS;

Forceps extraction;

Vacuum extraction;

Other forms of VD;

AR

We considered the above category 1 as SVD, category 2 as planned CS, category 3 as UCS; categories 4, 5 and 6
were combined into instrumental vaginal deliveries (IVD). Categories 2 and 3 were incorporated to form OCS.

As a rule of thumb, when there were minor mismatches between the two sources of information we had for
this study (CEDAP and HDF), priority was given to CEDAP. The original data have thus been modified as follows:

« Since shoulder presentation is incompatible with SVD, and its management by IVD is an exceptional pro-
cedure, 39 shoulder presentations delivering by SVD and 1 shoulder presentation delivering by IVD were
reclassified as cephalic;

« Differently from a previous study using the same database'?, placenta previa/abruptio placenta/ante-partum
hemorrage delivering by SVD (N =133) and by IVD (N = 22) were retained in the analysis.
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Figure 1. Flowchart displaying the criteria applied to the initial database to obtain the final number of records
available for the analysis. SVD = Spontaneous Vaginal Deliveries; IVD = Instrumental Vaginal Deliveries;

CS = Cesarean Sections; PCS = Primary CS; SCS = Secondary CS; TCS = Tertiary/more CS; RCS = Repeat CS;
PPCS = Planned PCS; UPCS = Urgent/Emergency PCS; PRCS = Planned RCS; URCS = Urgent/Emergency
RCS; VBAC = Vaginal Birth After CS; VBAC-1 = Vaginal Birth After 1 previous CS; VBAC-2 = Vaginal Birth
After > 2 previous CS; DM = Delivery Mode.

The 11 regional maternal facility centres were anonymized and coded by alphabetic letter from A to K.
Hospitals A and B are second level maternity units, since in addition of delivering > 1,000 births per years, they
are also provided with an neonatal intensive care unit, whereas the other 9 are first level. The Italian MoH recom-
mended 1% level maternity centres (defined as facilities with < 1,000 annual births and/or devoid of an neonatal
intensive care unit) to maintain the PCS rate under 15% and 2™ level maternity units (defined as units with
>1,000 yearly deliveries, equipped also with a neonatal intensive care unit) under 25%*. Hospital H showed the
best combination of optimal DM rates, having the second lowest PCS rate (13.5%), the second lowest PPCS rate
(5.4%) and the highest rate of VBAC-1 (46.5%). Moreover, despite being officially classified as 1** level maternity
unit, Hospital H had an overall 11,681 births during 2005-2015 (annual average of 1,062 births), consistently
above the yearly threshold of 1,000 deliveries, with the exception of calendar year 2005 (N = 995 births), 2013
(N =995 births) and 2015 (N =879 births). Therefore, we treated hospital H as reference centre in the analysis.

Endpoints. Using the CEDAP variable “Number of previous CS”, the numerator of PCS was calculated as total
OCS performed in women without history of CS, whereas the numerator of PPCS was obtained by restricting
PCS to planned procedures. The rates of PCS and PPCS were calculated as respective percentages out of all births.
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Figure 2. (Conceptualized by LC and GDP). Conceptual Framework explaining the relationship between
various factors and delivery mode. VD = Vaginal Delivery; CS = Cesarean Sections; PPCS = Planned Primary

CS; UPCS = Urgent/Emergency Primary CS; RCS = Repeat CS; URCS = Urgent RCS; PRCS = Planned RCS;
TOLAC=Trial of Labour After CS; VBAC-1= Vaginal Birth After 1 previous CS; CSMR = CS on Maternal Request.

oCs [ PCs [PPCS | VBAC-1
Factors Strata | All Births (N) | Row %
A 19,059 232 | 199 9.0 39.4
B 18,380 343 | 281 |13.1 19.1
C 8,940 20.1 | 15.7 8.0 31.3
D 3,330 28.3 | 220 7.5 12.9
E 6,673 244 | 187 |10.0 15.2
Hospitals F 5,723 25.7 1202 8.5 14.4
G 9,146 152 | 12.6 4.7 45.0
H 11,681 16.4 | 13.5 5.4 46.3
I 6,047 216 | 17.7 8.1 29.7
] 12,035 28.8 | 233 |10.2 253
K 8,027 21.7 | 16.3 8.3 29.6
2005 10,173 24.8 | 21.1 |11.0 26.3
2006 10,468 25.0 | 209 |104 26.0
2007 10,652 254 |21.2 |10.0 26.3
2008 10,478 245 | 20.1 8.9 27.5
2009 10,492 255 1209 9.4 28.5
Calendar year | 2010 10,406 245 |19.3 8.7 29.0
2011 9,791 24.0 | 19.2 7.9 26.9
2012 9,743 22.1 | 17.5 7.2 315
2013 9,289 240 | 187 7.7 30.0
2014 9,095 23.0 | 179 7.2 30.3
2015 8,659 232 | 17.7 7.5 30.3
TOTAL 109,246 24.2 | 19.6 8.8 28.4

Table 1. Total number of hospital births, rates of Overall Cesarean Sections (OCS), Primary Cesarean Sections
(PCS), Planned Primary Cesarean Sections (PPCS) and Vaginal Births After 1 previous Cesarean Section
(VBAC-1), by maternity centre and calendar year. Number (N); row percentage (%).
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ocs \Pcs \Ppcs ‘VBAC-]

Factors Strata All Births (N) | Row %

15-19 1,254 15.4 15.1 52 20.0

20-24 9,485 17.8 15.9 55 32.5

25-29 23,675 20.6 17.2 7.2 28.4
Mother’s age (years) (Missing: 32) 30-34 38,381 23.5 19.1 8.6 28.9

35-39 28,860 275 21.3 10.2 28.0

40-44 7,214 35.0 28.1 14.6 27.4

45+ 345 56.2 53.1 383 19.4

No 106,690 23.6 19.0 8.5 29.0
Hypertension/diabetes (Missing: 63)

Yes 2,493 51.3 459 22.2 12.8

No 104,993 24.0 19.4 8.7 28.7
Chorionic villi sampling (Missing: 6)

Yes 4,247 294 23.0 11.3 242

No 91,986 232 18.8 8.3 29.2
Amniocentesis (Missing: 6)

Yes 17,254 29.5 239 11.2 25.5

No 108,892 242 19.6 8.8 28.5
Fetoscopy (Missing: 6)

Yes 348 27.3 21.8 9.0 27.3

<4 20,856 26.8 22.6 11.3 26.6
N. 9b§tetnc checks during pregnancy 47 65,800 230 181 77 282
(Missing: 1)

8+ 22,589 254 21.1 9.6 30.6

<4 19,003 17.4 13.4 4.4 36.9
N. US scans during pregnancy (Missing: 7) | 4-5 52,873 221 174 7.5 29.9

6+ 37,363 30.7 259 13.1 233

Liveborn 108,944 24.2 19.6 8.8 28.4
Neonatal status

Stillborn 302 29.8 252 4.7 31.0

<3 103,769 22.7 18.0 7.9 29.1
Pre-delivery LoS (days) (Missing: 594) 3-5 3,142 47.4 44.6 24.5 15.9

6+ 1,741 69.6 67.6 48.9 10.6

None 108,336 239 19.2 8.5 285

Drug induced ovulation | N=280

Intra-uterine _

insemination (IUT) N=181

Gamete intra-fallopian N=8
Any medical assisted fertilization (MAF) transfer (GIFT) B

Tn Vitro Fertilization & 910 61.5 60.8 45.1 229

n Vitro Fertilization _

Embryo Transfer N=263

Intra-cytoplasmic sperm _

injection (ICSI) N=366

Other MAF N=12

Table 2. Total number of hospital births, rates of Overall Cesarean Sections (OCS), Primary Cesarean Sections
(PCS), Planned Primary Cesarean Sections (PPCS) and Vaginal Births After 1 previous Cesarean Section
(VBAC-1), by maternal health factors. Number (N); row percentage (%).

The rate of VBAC-1 was calculated as a percentage of vaginal deliveries (VD), combining SVD as well as IVD,
among all parturients with history of one previous CS. Women with history of >2 previous CS were excluded
from the caluclation of VBAC-1, due to small numbers involved.

Figure 1 shows the flowchart displaying the various criteria applied to the initial database to obtain the final
number of hospital records available for the analysis.

Conceptual framework. Figure 2 displays the conceptual framework explaining the relationship between
various factors considered and the three delivery modes (DM) under investigation (PCS, PPCS, VBAC-1).
Five domains of potential determinants of DM were identified'>!444;

Setting (hospitals) and timeframe (calendar year). The classes can be seen in Table 1.

Maternal health factors. The classes are shown in Table 2.

Child’s clinical factors (child’s size and child’s fragility). The classes are shown in Table 3.
Socio-demographic background and obstetric history. The corresponding classes are displayed in Table 4.
Obstetric conditions, shown in Table 5: oligohydriamnios, polyhydramnios, eclampsia/pre-eclampsia, pla-
centa previa/abruptio placenta/ante-partum hemorrhage, non-reassuring fetal status, congenital malfor-
mations at birth, cord prolapse, PROM, RH iso-immunization, obstructed labour (except shoulder girdle
dystocia), labour analgesia, labour induction, fetal presentation.

ARl
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0Cs | PCs | PPCS | VBAC-1
Factors Strata All Births (N) | Row %
<29 563 65.5 63.6 | 15.6 19.2
29-32 1,130 75.7 74.8 |37.6 18.5
Gestational Age
33-36 6,217 51.8 479 |25.1 19.6
(weeks)
37-40 82,637 224 17.1 8.7 279
41+ 18,699 18.7 16.8 4.1 40.4
<1000 525
1,000-1,499 668 75.1 74.0 | 41.3 16.4
1,500-1,999 1,330
?ﬁii’sﬁfg; (gr) 2,000-2,499 4,524 503 | 468 | 267 |163
CHILD’S SIZE i
FACTORS 2,500-3,999 95,954 21.7 16.9 7.8 29.6
4,000-4,499 6,576
23.1 18.4 6.9 26.0
4,500+ 664
<500 22,862 239 20.6 8.1 34.0
Placenta weight (gr) | 500-599 35,744 191 [152 | 66 |347
(Missing: 172) 600-999 49,048 265 207 | 9.6 |24.1
1,000-1,500 1,420 77.9 75.1 | 62.6 2.7
SGA 9,122 32.1 28.1 |13.0 28.5
Child’s size * AGA 88,138 23.2 18.5 8.4 29.1
LGA 11,986 25.5 20.7 8.8 23.6
<7 6,807 439 41.1 | 134 26.9
Apgar score 1 minute
7+ 102,439 229 18.1 8.5 28.5
8 <8 2,386 48.6 45.7 | 12.7 25.0
CHILD’S Apgar score 5 minute
FRAGILITY 8+ 106,860 23.7 19.0 8.7 28.5
FeToRs Singl Female | 51,806 227 179 | 7.7 |289
Multiple births ingleton - R : .
(Missing: 898) Male 54,797
Twins or more 1,745 87.3 86.7 |76.9 6.5

Table 3. Total number of hospital births, rates of Overall Cesarean Sections (OCS), Primary Cesarean Sections
(PCS), Planned Primary Cesarean Sections (PPCS) and Vaginal Births After 1 previous Cesarean Section
(VBAC-1), by clinical factors of the newborn. Number (N); row percentage (%). “SGA = Small for Gestational
Age; AGA = Appropriate for Gestational Age; LGA = Large for Gestational Age.

Statistical analysis. We employed a logistic regression approach using as outcome the variable 1/0 (1 =each
DM vs. 0 =rest) to investigate the impact of various determinants on each three examined DM (PCS, PPCS,
VBAC-1). Significant terms to be retained in the final model were selected by backward stepwise procedure.

Labour mode was excluded from all final multiple regression logistic models, because its stratum “no labour”
comprised only PCS, thus generating collinearity issues with various DM outcomes.

Likewise, shoulder presentations (fetal transverse lies) were also excluded from all final multivariable models,
since they were all delivered by CS.

Apgar score at 1 and 5 minutes were excluded since they were postnatal clinical parameters.

The following significant factors were dropped from the final multivariable logistic regression model despite
being significant at bivariate analysis adjusted only for hospital, since they were affected by a substantial number
of missing values:

o PCS: marital status (p < 0.001); father’s education (p = 0.003);
o PPCS: marital status (p < 0.001); father’s education (p = 0.003); father’s occupation (p=0.003);
o VBAC-1: father’s occupation (p < 0.001).

As the percentage of missing values was less than 10% for all factors included in all 3 multivariable logistic
models, complete case analysis was adopted.

Results were obtained by comparing each stratum specific estimate with the reference category and were
expressed as odds ratio (OR) with 95% confidence interval (95%CI). Considering the large number of statistical
tests performed in the multivariable logistic regression models, some p-values could have been significant by
chance. Therefore, we employed as further selection criterion the procedure proposed by Benjamini-Hochberg
(BH), setting the false discovery rate (FDR) at 5%*°.

Stata 14.3 (College Station, Texas, USA) was employed for the analysis.
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ocs [pcs [ppcs [VBAC1
Factors Strata All Births (N) | Row (%)
15-19 199 10.1 |10.2 3,3 100.0
20-24 2,798 172 | 158 4.9 27.9
25-29 12,982 20.8 |18.2 7.1 28.7
30-34 31,601 22.7 | 18.8 8.1 28.2
Father’sage (years) (Missing: 1,949) 35-39 34,560 245 | 192 |89 28.5
40-44 17,866 274 | 21.0 10.0 28.7
45-49 5,353 30.5 | 243 11.9 28.6
50-54 1,361 309 | 258 13.7 27.6
55+ 577 31.2 | 26.8 159 27.3
EU Italian 86,083 24.0 | 19.6 9.0 289
Mother’s nationality (Missing:116) Non-Italian 5,983 20.8 |[16.6 |6.8 25.6
Non-EU 17,064 26.5 |20.2 8.3 27.1
Not married 12,036 239 |21.8 9.5 27.3
Married 70,340 244 | 19.1 8.7 29.1
. L Separated 1,136
Marital status (Missing: 8,155) -
Widow 82 32.1 | 26.0 13.8 29.2
Divorced 669
Living together 16,846 22.5 19.6 8.0 31.0
University/more 29,150 238 | 199 |92 30.5
R . e Secondary 52,988 238 | 194 |85 28.4
SOCIO-DEMOGRAPHIC FACTORS | Mother’s education (Missing: 24) -
Junior secondary 25,107 253 | 194 |88 26.7
Primary/none 1,977 28.3 | 21.0 8.8 27.5
University/more 18,542 244 201 |95 29.6
5 X o Secondary 51,356 23.7 | 19.3 8.5 29.8
Father’s education (Missing: 6,772) -
Junior secondary 30,767 24.4 19.1 8.5 27.9
Primary/none 1,809 263 | 198 |85 27.9
Unemployed/student/housewife 34,144 248 | 188 |8.0 27.8
Self-employed/Enterpreur 9,037 250 |20.7 |95 27.6
5 X e Manager 2,145 27.0 |22.6 10.8 25.3
Mother’s occupation (Missing: 448)
Employed (Clerk) 31,002 233 | 195 9.2 29.8
Blue Collar 12,836 25.0 |204 9.3 27.7
Employed (other) 19,634 236 | 195 |86 29.3
Unemployed/student/housewife 3,722 272 | 214 |88 239
Self-employed/Enterpreneur 22,100 234 | 189 |86 31.7
. ) o Manager 3,338 289 [234 |121 21.0
Father’s occupation (Missing: 7,145)
Employed (Clerk) 22,537 233 | 193 |9.0 31.1
Blue Collar 32,812 244 | 19.1 8.3 28.2
Employed (other) 17,592 237 | 193 |85 28.5
. No 109,099 242 |196 |88 284
Consanguinity
Yes 147 19.1 | 17.0 10.0 333
0 58,217 25.0 |249 10.0 16.7
1 39,805 233 | 122 6.2 244
N. previous livebirths 2 8,644 24.7 | 12.0 5.7 51.6
3 1,820 226 |11.7 58 52.3
4+ 755 174 | 9.6 4.7 61.5
0 108,502 24.1 | 195 8.7 28.4
N. previous stillbirths
1+ 744 44.4 |29.6 17.2 30.1
0 105,774 24.0 | 19.7 8.8 27.9
N. previous Pre-term babies (Missing: 1,144) 1 2,041 35.1 |14.1 7.0 33.6
OBSTETRIC HISTORY FACTORS 2+ 287 44.3 | 21.0 9.3 43.5
0 100,653 242 | 195 8.8 28.2
N. previous intentional abortions 1 7,038 246 | 20.0 8.8 31.6
24 1,555 282 | 22.1 9.2 31.3
0 92,694 24.0 | 19.6 8.7 28.2
12,555 24.5 | 18.5 8.6 30.2
N. previous spontaneous abortions
2 2,897 27.8 | 21.0 9.9 29.5
3+ 1,099 347 | 262 13.5 24.7
X 0 108,923 24.2 | 19.6 8.8 28.4
N. previous neonatal deaths
1+ 323 424 |16.7 10.2 33.7

Table 4. Total number of hospital births, rates of Overall Cesarean Sections (OCS), Primary Cesarean Sections
(PCS), Planned Primary Cesarean Sections (PPCS) and Vaginal Births After 1 previous Cesarean Section
(VBAC-1), by socio-demographic and obstetric history factors. Number (N); row percentage (%).
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Results
Descriptive results.  As can be seen from Fig. 1, in FVG during 2005-2015 there were 75,497 SVD (rate of
69.1%), 7,281 IVD (rate of 6.7%) and 26,467 CS (rate of 24.2%).

PCS were 19,565 (19.6% of all women without history of CS). Secondary CS (SCS) were 5,794 and tertiary/
more CS (TCS) were 1,108, for a total 6,092 RCS (24.9% out of OCS). Total PPCS were 7,736 (8.8% among women
without history of CS), urgent/emergency PCS (UPCS) were 11,829, planned RCS (PRCS) were 4,625 and urgent/
emergency RCS (URCS) were 2,227. As can be seen, whilst the proportion of UCS was predominat among PCS
(UPCS/PCS = 60.5%), for RCS the latter figure completely reversed (PPCS/RCS =75.4%).

We observed 1,945 SVD and 358 IVD following one previous CS, for a total 2,303 VBAC-1, a rate of 28.4%
(=2,303/8,097) out of women with history of one single previous CS. The VBAC rate on women with history of
>2 previous CS was 3.3% (=38/1,146), considering all women with at least 2 previous CS as denominator.

Table 1 shows the rates of PCS, PPCS and VBAC-1 by calendar year and maternity centre. In this table (and
in the following descriptive Tables 2-5), the overall number of births is displayed to highlight the relative weight
of each factor/stratum. The crude rates of OCS, PCS, PPCS and especially VBAC-1 showed marked variability by
maternity centre. Among 2™ level maternity units (A, B), during 2005-2015 centre B (28.1%) was the only one sur-
passing the 25% PCS benchmark recommended by the Italian MoH. Among 1% level maternity units, all but G and
H overtook the 15% PCS rate cutoff, although generally by small margin. As explained above, hospital H (the refer-
ence) had a 13.5% PCS rate. There was a progressive decrease in the PCS and PPCS crude rates from 2005 to 2015;
by contrast, the regional crude rates of VBAC-1 showed a progressively increasing trend during the study period.

Table 2 shows the crude rates of PCS, PPCS and VBAC-1 by maternal health factors. The PCS rate increased
with maternal age, pre-delivery LoS, hypertension/diabetes, higher number of ultrasound (US) scans performed
during pregnancy, stillbirth, amniocentesis and chorionic villous sampling. Similar mitigated patterns were
observed also for the PPCS rate, although reversed figures (lower rates) were found for stillbirth. By contrast, the
VBAC-1 rate was slightly higher for maternal age 20-39 years, increased with number of obstetric checks during
pregnancy, decreased considerably with increasing pre-delivery LoS and with number of US scans performed
during pregnancy, and was higher for hypertension/diabetes, amniocentesis and chorionic villous sampling.

Table 3 shows the crude rates of PCS, PPCS and VBAC-1 by clinical factors of the newborn. The PCS rate
decreased dramatically with higher gestational age, increased significantly with birthweight and placenta weigh-
ing 1,000-1,500 g and was considerably higher for multiple birth, Apgar score at 5minute < 8 and Apgar score at
1 minute < 7. By contrast, apart from similar figures for multiple birth, the rate of PPCS was higher for gestational
age 29-36 weeks, diminished notably with birthweight and did not vary with Apgar score at 1 as well 5 minutes.
The VBAC-1 rate increased with gestational age, birthweight and singleton pregnancies, whereas it diminished
with higher placenta weight.

Table 4 displays the crude rates of PCS, PPCS and VBAC-1 by socio-demographic and obstetric history factors.
Allin all, the rates of the various DM were relatively stable across the classes of variables displayed in Table 4. The
PCS rate increased with father’s age and was higher among separated/widow/divorced women. An isolated low
rate of VBAC was found among fathers that were managers. Among obstetric history factors, the rate of PCS and
PPCS diminished with higher number of previous livebirths, but was higher with history of stillbirth and neonatal
deaths and increased with number of previous spontaneous abortions. Conversely, the rate of VBAC-1 increased
with higher number of previous livebirths, no history of stillbirth and higher number of pre-term babies.

Table 5 displays the distribution of the crude rates of the three DM by obstetric factors. The PCS rate was
remarkably and consistently higher across all obstetric conditions, apart from PROM. Likewise, with the excep-
tion of non-reassuring fetal status and obstructed labour, the PPCS rate was more frequent in all obstetric condi-
tions listed in Table 5. Reverse figures were found for VBAC-1, with highest crude rates observed for no labour
induction. Parturients administered labour analgesia instead showed the second highest VBAC-1 rate.

Outcomeresults. Supplementary Table 1 displays the results of the multiple logistic regression models, one
for each DM (PCS, PPCS and VBAC-1).

Stronger associations for PCS were found for (in decreasing order of BH p value): breech presentation; pla-
centa previa/abruptio placenta/ante-partum haemorrhage; non-reassuring fetal status; obstructed labour; mul-
tiple birth; eclampsia/pre-eclapmpsia; mother’s age 40-44 years; placental weight 600-999 g; oligohydramnios;
pre-delivery LoS 3-5 days; mother’s age 35-39 years; placenta weight 1,000-1,500 g; very low birthweight (VLBW,
birthweight <2,000 g); maternal age > 45 years; pre-delivery LoS > 6 days; mother’s age 30-34 years; low birth-
weight (2,000-2,500 g); polyhydramnios; cord prolapse; >6 US scans during pregnancy; pre-term gestation
(33-36 weeks); maternal age 25-29 years; lower maternal education; 4-5 US scans in pregnancy; non-EU nation-
ality of the woman; gestation > 41 weeks; birthweight >4,000 g; hypertension/diabetes and Rh iso-immunization.

PPCS were more likely with (in descending order of BH significance): breech presentation; placenta previa/abrup-
tio placenta/ante-partum haemorrhage; multiple birth; pre-delivery LoS > 3 days; placental weight 1,000-1,500 g;
mother’s age 40-44 years; placental weight >600 g; mother’s age > 45 years; >6 US scans performed in preg-
nancy; mother’s age 35-39 years; oligohydramnios; eclampsia/pre-eclampsia; mother’s age 30-34 years; birth-
weight <200 g; polyhydramios and pre-term gestation (33-36 weeks).

Factors associated with VBAC-1 were administration of labour analgesia (strong association) and less impor-
tantly placental weight < 500 g as well as gestations > 41 weeks. Conversely, VBAC-1 were less likely with large
placentas (>600g), breech presentation, >6 US scans performed during pregnancy; placenta previa/abruptio pla-
centa/ante-partum haemorrhage; oligohydramnios pre-delivery LoS > 3 days and low birthweight (2,000-2,500 g).

Supplementary Table 2 displays the hospital variability on adjusted rates of PCS, PPCS and VBAC-1. The
listed risk estimates of Supplementary Table 1 and 2 are controlled for the same factors indicated in the legend
at the bottom of both tables, since they were obtained from the same multiple logistic regression models. All
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ocs [pcs  [ppcs VBAC-1

Factors Strata All Births (N) | Row %

No 105,891 23.8 19.1 8.6 28.8
Oligohydramnios (Missing: 751)

Yes 2,604 39.3 36.3 16.6 11.0

No 108,060 24.1 19.5 8.7 28.6
Polyhydramnios (Missing: 751)

Yes 435 52.9 46.3 224 13.8

No 107,127 23.6 18.9 8.6 28.8
Eclampsia/pre-eclampsia (Missing: 751)

Yes 1,368 69.4 67.4 34.6 8.7
Placenta previa/abruptio placenta/ante-partum No 107,213 23.5 18.8 8.5 28.8
hemorrage (Missing: 751) Yes 1,282 87.7 86.9 65.3 6.8

No 105,798 23.2 18.4 8.7 28.5
Non reassuring fetal status (Missing: 751)

Yes 2,697 64.9 64.5 15.3 286

No 108,474 24.2 19.6 8.8 28.5
Fetal anomalies (Missing: 751)

Yes 21 38.1 27.8 133 0

No 108422 242 19.5 8.8 28.5
Cord prolapse (missing: 751)

Yes 73 91.8 91.0 0 0

No 95,699 243 19.4 9.4 28.3
Premature rupture of membranes (Missing: 751)

Yes 12,796 23.6 20.6 3.9 30.8

No 108,399 242 19.5 8.8 28.5
Rh Iso-immunization (Missing: 751)

Yes 96 43.8 39.1 24.3 12.5

No 105,295 23.0 18.2 8.6 28.5
Obtructed labour (but shoulder dystocia) (Missing: 751)

Yes 3,200 63.1 62.5 16.9 27.5

No 89,536 25.8 20.4 10.3 259
Labour analgesia (Missing: 184)

Yes 19,526 16.5 15.9 2.0 65.1

Spontaneous 69,483 8.6 7.2 0.5 64.3

Stimulated 6,786 14.6 14.2 1.3 72.6
Labour mode (Missing: 276)

Induced 17,010 223 21.8 6.3 47.0

No labour 15,691 100 100 100 0

Cefalic 103,611 20.5 15.7 59 29.8
Presentation (Missing: 181) Breech 5,288 92,5 92.6 88.2 7.1

Shoulder 126 100 100 100 0

Table 5. Total number of hospital births, rates of Overall Cesarean Sections (OCS),

Primary Cesarean Sections

(PCS), Planned Primary Cesarean Sections (PPCS) and Vaginal Births After 1 previous Cesarean Section
(VBAC-1), by obstetric factors. Number (N); row percentage (%).

hospitals were more likely to deliver PCS than the referent (centre H), and all maternity units but G were more
likely to perform PPCS and less likely to deliver by VBAC-1 than the reference.

In maternity units B, D, E, I and J the adjusted rates of PCS ad PPCS were both importantly higher and accom-
pained by substantially lower corresponding adjusted rates of VBAC-1, although in centres B and D the risk of
PCS was more significant than PPCS. Conversely, the level of significance of the respective risk estimates were
higher for PPCS than PCS in centres A, C, F, ] and particularly E and K.

Discussion

Key findings. In the whole FVG during 2005-2015:

OCS were 24,467 (a rate of 24.2%), well below the corresponding national figure most recently reported from
the entirety of Italy (38.1%)>.

PCS were 19,565 (an overall regional rate of 19.6% during the entire study period, progressively declining
from 21.1% in 2005, to 19.3% in 2010 and 17.7% in 2015), hence well below the corresponding national pic-
ture reported for 2010 (29.0%) and slightly under the most recent figure of 22.2% reported for 2017 for the
whole Italy**. The main factors associated with PCS were (in descending order of BH significance): breech
presentation; placenta previa/abruptio placenta/ante-partum haemorrhage; non-reassuring fetal status;
obstructed labour; multiple birth; eclampsia/pre-eclampsia; mother’s age 40-44 years; placental weight 600—
999 g; oligohydramnios; pre-delivery LoS 3-5 days; maternal age 35-39 years; placenta weight 1,000-1,500 g;
very low birthweight (VLBW, birthweight <2,000 g); maternal age > 45 years; polyhydramnios; cord pro-
lapse; >6 US scas during pregnancy; pre-term gestation (33-36 weeks); maternal age 25-29 years; lower
maternal education; gestation <29 weeks; non-EU nationality of the woman; gestations >41+ weeks; birth-
weight > 4,000 g; hypertension/diabetes and Rh iso-immunization.
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Among 2nd level maternity units (A, B), centres B (28.1%) surpassed the PCS benchmark of 25% recom-
mended by the Italian MoH during the study period. Among 1st level maternity units (C, D, E, E, G, H, I, ], K), all
but G overtook the respective 15% PCS rate cut-off, although generally by small margin.

o PPCS were 7,736 (a rate of 8.8%). Principal determinants were (in descending order of BH significance):
breech presentation; placenta previa/abruptio placenta/ante-partum hemorrage; multiple birth; pre-deliv-
ery LoS > 3 days; placental weight > 600 g; mother’s age > 45 years; > 6 US scans performed in pregnancy;
mother’s age 35-39 years; oligohydramnios; eclampsia/pre-eclampsia; mother’s age 30-34 years; birth-
weight < 2,500 g; polyhydramnions and pre-term gestation (33-36 weeks).

o VBAC-1 on women with history of one previous CS were 2,303 (a rate of 28.4%). By including also VBAC-2
on women with 24 previous CS (N = 38) the overall VBAC rate in the region would slightly reduce to 25.3%,
almost three times the corresponding national rate (9%) reported in 2017 for the entire Italian country*.
VABC-1 were more likely in parturients receiving labour analgesia, with placental weighing < 500 g and ges-
tations >41 weeks.

Since the overall rate of PCS in FVG during 2005-2015 was 19.6% (21.1% in 2005, 19.3% in 2010, 17.9% in
2014 and 17.7% 2015), and the respective national estimates were 29.0% in 2010 and 22.2% in 2017, the differ-
ence between the OCS rate of FVG during the whole study period (24.2%) as compared to corresponding recent
reports for the entire Italy (38.1%) can only be attributable to RCS. The critical importance of PCS on the risk
of RCS was confirmed in the present study, considernig that whilst UCS were more prevalent than planned CS
among PCS (UPCS/PCS = 60.5%), the latter figure fully overtuned amongst RCS (PPCS/RCS =75.4%).

Although the crude rates of PCS and PPCS were progressively diminishing over the years, and the crude
VBAC-1 rate was increasing, only the adjusted rate of PPCS significantly decreased over time in the entire region.
We instead observed high variability of crude and adjusted rates of all three examined DM at the hospital level,
especially for PCS and PPCS, with all centres more likely to perform PCS than the reference (centre H) and all
hospitals but G more likely to deliver PPCS a well as less likely to deliver VBAC-1.

Strengths and limitations. Strengths of this study have been reported elsewhere!*!##*, There are, however
also some limitations.

First, we did not have information on maternal request, an important indication for PPCS*’. Although the
International Federation of Gynecology and Obstetrics considers it unethical to perform a planned CS without
medical indications, growing consensus has emerged among obstetricians on the importance of informing and
counselling the woman regarding risks and benefits of a planned CS, involving also her family*"*. In addition
to immediate complications such as infections, hemorrhage and visceral injury, PPCS exposes the woman to
other health risks in the long-run, especially in subsequent pregnancies: uterine rupture, placenta previa/placenta
accreta/abruptio placenta and ectopic pregnancy*”#**°. Recent obstetric guidelines from the National Institute
for Health and Care Excellence (NICE) of the United Kingdom (UK) clarify this contentious issue. A maternal
request for CS signifies that the woman has requested a CS in absence of any identifiable medical or obstetric indi-
cation. Such requests should be reviewed by the consultant obstetrician, and if deemed beneficial, other members
of the obstetric team (midwifes, anaesthesiologist) should provide their input®'. This counselling aims to define
(and document) the underlying reasons for the maternal request, establishing whether the woman is fully aware
of the pros and cons (especially in terms of health implications) of a CS as compared to a VD. Women requesting
a CS for fear or extreme anxiety about VD should be referred to a specialist perinatal mental health practitioner to
address their psychological status and provide adequate support. Tocophobia is considered a mental health disor-
der for which CS is medically indicated to avoid the psychological harm related with a VD. Women still reluctant
to opt for a VD despite full discussion on risks/benefits of CS and the offer of support against anxiety associated
with childbirth should be granted a planned CS, in compliance with their request™'.

A second limitation of the present study is the lack of documentation on number of TOLAC offered and
VBAC successfully achieved. The potential benefits and disadvantages of both TOLAC and PRCS should be dis-
cussed, and these discussions should be documented on medical records. All in all, whilst a CS may provide some
immediate benefits mainly to the woman and the obstetrician, a VBAC may be more in the interest of the child,
especially for future pregnancies: although VBAC carries some risk in the short term, it is certainly rewarding
in the long run. These discussions should consider the individual characteristics of the parturient affecting the
likelihood of complications associated with a TOLAC and a PRCS. VBAC checklists and calculators are available
to provide more specific counselling on the chance of a successful TOLAC*. Therefore, we suggest updating the
CEDAP questionnaire to include also information on whether the woman is affected by tocophobia, whether a
CS was performed on maternal request and whether a TOLAC was offered, attempted and the relative outcome
(successful VBAC or UCS). Further relevant information to be collected in future by CEDAP would be hystory of
abdominal surgery and whether an external version in case of breech presentation was offered, attempted and the
relative outcome (VD, PCS or even UCS).

The calculation of the PPCS rate may have been slightly inflated, since the respective numerator obtained from
CEDAP comprised both planned CS and CS performed after failed induction, distinguished categories which
were impossible to disentangle though. However, the crude rate of labour induction was 15.6% out of all births
in FVG during 2005-2015", hence the impact of CS for induction failure on the calculation of the PPCS rate was
likely marginal in our study.

We consider the VBAC rates on women with history of only one previous CS in the analysis, since the num-
ber of VBAC on women with 2+ previous CS was negligible (N = 38). However, in case of favourable obstetric
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conditions, TOLAC is still possible also in women with 2 previous CS and with an interval of less than 6 months
between the last CS and the conception of the subsequent pregnancy*>>2.

Some available variables (birthweight, placenta weight) reflected actual postnatal measurements rather than
fetal estimations, thus potentially hampering to some extent the interpretation of the relative findings in terms of
prenatal decision making on DM.

Further relevant risk factors for CS as body mass index (BMI), smoking status, physical exercise and Bishop
index were not available from CEDAP for years 2005-2015.

PCS and PPCS. The PPCS rate in FVG during 2005-2015 was probably slightly lower than that found in
the present investigation (8.8%) since, as explained in the methods, in CEDAP planned CS and CS due to failed
induction were assembled in the same DM category.

Albeit the effect of calendar year was significant only for PPCS at multivariable logistic analysis, the crude
rates of PCS and PPCS were both progressively diminishing over the years in the entire region, hinting at possible
growing awareness (among society and the medical community) that a proportion of these surgical obstetric
procedures are unnecessary and could be averted.

The most relevant factors, associated with balanced significance both with PCS and PPCS in the present
investigation, were breech presentation and placenta previa/abruptio placenta/ante-partum haemorrhage.
Malpresentation was reported as third indication for performing a CS in a recent study on 228,562 parturients
affiliated with the Consortium on Safe Labor in the USA from 2002 to 2008>* Boyle et al. External version in near
term pregnancies with breech presentation for selected parturients and vaginal breech delivery are highly encour-
aged by the American College of Obstetricians and Gynecologists (ACOG) as strategies to contain the number
of redundant PCS?>%>3,

Following breech presentation and placenta previa/abruptio placenta/ante-partum haemorrhage, the most
important factors more strongly associated with PCS than PPCS in the present study were non-reassuring fetal
status and obstructed labour. PPCS were a sub-category of PCS not including UCS. It may be argued that the
corresponding PCSs for the latter two conditions were predominantly urgent obstetric procedures. Obstructed
labour and non reassuring fetal status are rated grey areas potentially affected by subjective diagnosis and misclas-
sification?®%”38, These subjective assessments are reportedly influencing a large fraction of PCS?. Suspected fetal
asphyxia is diagnosed by electronic fetal heart rate monitoring (EFM) during labour, its interpretation is rather
subjective and varies extensively by provider®. Since EFM has low intrinsic specificity, most fetuses diagnosed
with asphyxia by EFM are instead frequently in good condition and fit to bear the stress of labour®’.

Obstructed labour (highly linked with labour induction) is of particular concern, since 38.9% (=6,823/19,565)
PCS in our investigation were performed in primigravidas at term with a singleton fetus in cephalic presentation.
As with non-reassuring fetal status, the diagnosis of obstructed labour also varies by practice pattern, especially
in terms of number of cervical checks, assessments of uterine contractions and evaluations of labour timing®.

Zhang obtained a completely different labour curve than Friedman’s on 62,415 parturients with singleton
pregnancy, cephalic presentation, physiological outcome and VD®. The latter study concluded that latent stage
labour requires time, and delayed admission to its active phase may curb the cascade ultimately leading to a
CS. This time serves to attain a satisfactory cervical dilation and should be distinguished from the active induc-
tion on an already ripened cervix®. In another study on 38,484 PCS among 228,562 deliveries affiliated with
Consortium of Safe Labour from 2002 to 2008 in the USA, 42.6% primiparas and 33.5% multiparas underwent
PCS for failure of progression with cervical dilation < 6 cm®. Provided there is reassuring fetal as well as maternal
status, CS should be carefully avoided until completion of this latent stage, ideally until a 6 cm cervix diameter is
accomplished>*.

According to the ACOG, adequate timing should also be allowed for second stage labour: at least 2 hours
pushing in multiparas and at least 3 hours in nulliparas®. In a recent randomized controlled trial (RCT) an extra
hour pushing given to women achieved a significant reduction in the number of CS as compared to ordinary
labour management®'. Among women diagnosed with prolonged (second stage) obstructed labour, 20.5% prim-
iparas were delivered < 3 hours and multiparas < 2 hours after complete cervical ripening, with only 1.1% women
given a trial for instrumental vaginal delivery (IVD). Therefore, allowing adequate time during second stage
labour and performing IVD where appropriate may have a major effect on decreasing the number of unnecessary
PCS in case of obstructed labour™.

Subsequent significant factors, still more strongly associated with PCS than PPCS in this study were eclamp-
sia/pre-eclampsia, oligohydramnios, birthweight < 2,000 g and pre-term gestations (33-36 weeks). Whilst
eclampsia/pre-eclampsia and very low birthweight (VLBW) are critical conditions often requiring emergency
obstetric care'?, isolated oligohydramnios at term was found to be a risk factor for labour induction, CS and
short-term neonatal morbidity in a recent systematic review on 35,999 women, with 2,414 (6.7%) of them being
affected by oligohydramnios®?. However, the health risks associated with isolated oligohydramnios diminish with
increasing gestational age, being relatively lower in the last trimester®. In the present investigation, the clear
majority of PCS (53.3% = 478/893) among women with oligohydramnios were performed for term pregnancies
(37-40 weeks), and 91.2% (=815/893) in gestations > 33 weeks. As to pre-term gestations, the appropriate DM
should be discusssed between the woman and the obstetrician'.

The following conditions associated with high yet more balanced significance between PCS and PPCS were
multiple birth, maternal age > 35, placental weight >600 g, pre-delivery LoS > 3 days and > 6 US scans performed
during pregnancy.

In case of monochorial twins, large placentas may mask the effect of multiple birth. Obstetric guidelines rec-
ommend VD for vertex presenting twins. In our study 76.9% (=714/929) multiple births were delivered by PPCS.
However, 25% PCS on women carrying twins are reportedly performed with both twins in cephalic presentation
and 25% with cephalic presentation of the leading twin. PCS represents for some patients and clinicians an option
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Figure 3. Crude rates of Overall Cesarean Sections (OCS), Primary Cesarean Section (PCS), Planned Primary
Cesarean Sections (PPCS), Vaginal Birth After 1 Cesarean (VBAC-1) and Urgent/Emergency Cesarean Sections
(UCS) out of OCS (UCS/OCS) in Friuli Venezia Giulia, during 2005-2015.

to avert CS for the non-cephalic second twin after VD of the first. Training obstetricians on vaginal extraction
by external version for breech presentation is recommended to decrease the number of unnecessary PCS with
a non-cephalic second twin®. However, big placentas may also reflect macrosomia, a frequent contributor to
obstructed labour and a risk factor for failed TOLAC*. Although suspected macrosomia is an increasing indica-
tion for PCS, congenital malformations at birth were not associated with PCS or PPCS in our study and the level
of significance of birthweight > 4,000 g and hypertension/diabetes on the PCS risk was relatively lower®.

As to maternal age, women older than 35 are more likely to be affected by obesity, hypertension and diabetes,
which in turn have an impact on fetal anomalies®*. Moreover, advanced maternal age increases the risk of spon-
taneous abortion, pre-term delivery and perinatal bleeding®>®. However, decision to perform a PPCS should
consider the actual health status of the woman, rather than just age®*.

Although pre-delivery LoS > 2 days and > 3 US scans performed during pregnancy were significant fac-
tors associated with both PCS and PPCS in the present study, the respective associations were stronger for
PPCS. Increasing pre-delivery LoS and higher number of US scans during pregnancy are likely signs of high
risk gestation courses driving to programmed CS. By contrast, polyhydramnios and cord prolapse were factors
more importantly associated with PCS. Cord prolapse, a critical condition often requiring UCS, can be deter-
mined by malpresentations, fetal manipulations and PROM, all conditions which in turn may be influenced by
polyhydramnios®. Nonetheless, when not associated with obstetric circumstances that may require CS, such as
pre-term labour, PROM, malpresentation, hypertensive disorder or macrosomia®®*®, fetuses with isolated poly-
hydramnios can be delivered vaginally®®®°.

There were other significant factors mainly associated with PPCS (as for instance pre-term gestation, birth-
weight < 2,500 g and paternal age > 55 years), but their level of significance was lower and the interpretation of
the relative findings could have been hampered by lack of information on maternal request, an important driver
of PPCS. It is worth noting that the number of CS performed on maternal request or on doctor’s preference with-
out medical indication is growing also because CS is perceived safer than VD in a range of conditions, including
history of abdominal surgery and bowel resection for endometriosis’*7>.

TOLACandVBAC. The VBAC-1 rate found in FVG during 2005-2015 was 28.4% on women with history
of one single previous CS. Considering also VBAC on women with >2 previous CS, the respective rate slightly
reduced to 25.3% (by including all women withat least 1 previous CS as denominator), about three times the
most recent national estimates reported for the entire Italy (9-11.4%)*>*. Since the average cost associated with a
CS is 960€, an increase of the VBAC rate at national level from 10% to 30% (hence near figures achieved in FVG
during 2005-2015) is estimated to translate into 13.8 million € annual saving for the Italian NHS*2. Interestingly,
the enhancing crude rates of UCS/OCS over time recently reported for FVG'® might be explained not only by
the increasing age of parturients over the years, but also by the augmenting number of TOLAC undertaken.
Unfortunately, as explained above, we did not have information on TOLAC attempted, but only on crude rates of
VBAC succesfully accomplished, which were clearly increasing from 2005 to 2015 (Figure 3).

PCS and PPCS are not mutually exclusive events against VBAC-1. However, for some maternal or child’s fac-
tors with higher risk of PCS, and even more PPCS, the corresponding adjusted probability of VBAC-1 was lower
in the present study. This occurred with breech presentation, placentas weighing 600-999 g or 1,000-1,500g,
oligohydramnios, pre-delivery LoS > 3 days and >4 US scans during pregnancy, conditions suggesting the role
of maternal request and obstetrician’s preference in decision making on DM. Conversely, with small placentas
(<500g), gestations > 41 weeks and especially labour analgesia (strong assocation), the risk of PPCS was very
low and VBAC-1’s became high. Labour analgesia is used for pain relief at low concentration. Epidural analgesia
prolongs second stage labour, thus increasing the risk of IVD as compared to CS'7%,

SCIENTIFIC REPORTS | (2020) 10:380 | https://doi.org/10.1038/s41598-019-57037-y


https://doi.org/10.1038/s41598-019-57037-y

www.nature.com/scientificreports/

Hospital variability by delivery mode. The crude and adjusted rates of all three examined DM (PCS,
PPCS, VBAC-1) varied extensively by hospital. The crude rate of PCS ranged from 12.6% (centre G) up to 28.1%
(centre B) and the crude rates for PPCS varied from 4.7% (centre G) up to 13.1% (centre B). The adjusted risk
of PCS and PPCS were higher in all centres as compared to the reference (centre H), with the only exception of
hospital G for PPCS.

The crude rates of VBAC-1 ranged from 12.9% (centre D) up to 46.5% (centre H). At multivariable analysis all
hospitals but G were less likely to deliver by VBAC-1 than the reference (centre H), particularly centres B, D, E, F
and J. Variation in the VBAC rate is reported in Italian hospitals (ranging from 0% to 25%)* and in other coun-
tries, and may be the result of a number of external influences such as economic interests, organizational aspects,
medico-legal issues and obstetrician/patient preferences'®**7>~77. The adjusted rates of PCS were highest in hos-
pital B and E, characterised also by the lowest adjusted rates of VBAC-1. It can be reasonably argued that fear of
medico-legal issues may have been among the main contributors for these figures in latter 2 maternity units®”’577.

However, differences by DM seem to be influenced above all by practice pattern'®. An Australian study in
New South Wales reported a 82% rate of PRCS among 61,894 women with history of one previous CS, with
this rate being predominantly attributable to practice pattern (31%) rather than women’s characteristics (17%)”8.
These differences likely reflect in turn variable adherence to standardized obstetric protocols”. In a survey on 225
California’s hospitals, 167 of them (74%) allowed VBAC but little adherence to ACOG guidelines was found. The
highest compliance with ACOG recommendations regarded procedure and staff resources, whereas guidelines
on assessment of patient clinical conditions and eligibility criteria for TOLAC were disregarded”. Assessment of
patient’s eligibility for TOLAC, fear of medico-legal issues and logistic barriers (distance from centres offering
TOLAC) are obstacles to VBAC®.

Prospects. The results of the present study clearly call for a standardization of obstetric practices across
FVG maternity centres, with the view of further reducing the number of unnecessary CS. Considering 39.5%
(=7,736/19,565) PCS in FVG during 2005-2015 were PPCS, it can be reasonably argued that a number of these
planned obstetric procedures may have been uneeded. A series of health policies could be introduced in FVG to
target unnecessary CS, further reducing the PCS rate and enhancing the VBAC rate, nearing pictures achieved
by the Nordic countries*.

PCS and RCS for term singleton pregnancies with cephalic presentation should all be scrutinize
Decision-making on PCS should be carefully evaluated (also by second opinion) particularly for breech pres-
entation and those grey areas potentially affected by subjective clinical evaluation, such as higher maternal age,
non-reassuring fetal status, obstructed labour, multiple births and isolated oligohydramnios!*.

There is evidence that successful actions to enhance the VBAC rate include hospital-level interventions (edu-
cation of staff/patients by opinion leaders, adoption of second opinions for all CS, staffing hospitals with laborists)
and provider-level interventions (midwife-led prenatal care, involvement of primary care physicians in childbirth,
night float systems for on call staff). By contrast, system-level interventions (education/training of staff and clini-
cal audits), patient-level interventions (prenatal counselling to parturients) and provider guidelines/information
achieved mixed outcomes®.

A survey on 44 doctors from countries with VBAC rate > 45% outlined that their confidence with VBAC,
working in a united obstetric team positively interacting with each other and with women on defined targets
(discussed with the parturients) and following structured strategies contributed to enhanced the VBAC rate®.
This was confirmed by another survey on 71 doctors from countries with VBAC rates < 36%, stressing the impor-
tance of a shared informed decision between women and obstetricians, supported by inter-personal trustfulness,
adequate clinical skill/confidence of the obstetric team and clinical decisions sustained by scientific evidence®*.
In another qualitative study based upon focus groups on 22 and 51 women from countries with high® and low®¢
VBAC rates, women expressed desire for correct information on VBAC from doctors and to share with them
the decision-making on DM. In the latter study interviewees considered VBAC as the first choice in absence of
complications and for labour they expected to be assisted by a confident and serene obstetric team, encouraging
and supporting TOLAC®*>#¢, RCTs conducted in Italy, Germany and Ireland on 2,002 women from 15 different
maternity centres, evaluating interventions entailing the use of opinion leaders (one midwife and one obstetrician
per maternity centre), education and support to women as well as health care personnel and discussions between
operators and women to reach a shared decision on DM showed an enhancement of the VBAC rate from 8%
t0 22%"%7.

To reach a shared decision on DM women should be informed that those delivering vaginally are generally
more satisfied with their own experience as compared to those undergoing CS, even if a planned CS was per-
formed on maternal request®-?. These negative feelings in the new mothers may persist up to 10 years following
a CS and may cause mood post-partum disorder, interfering also with their parental attitude®’.

Reaching a shared decision on DM also requires obstetricians as well as women to be informed that a planned
TOLAC on term singleton pregnancies with cephalic presentation reportedly has a VBAC success rate of
70-87%°2-°*. Moreover, obstetricians and parturients should also be advised that a history of one previous VD,
particularly prior VBAC, is independently and strongly associated with a TOLAC success rate of 85-90%, and
with a reduced risk of uterine rupture among women undergoing TOLAC®. In addition to using the Robson
classification system for comparing the CS rates, it is therefore also important to extrapolate an eventual history
of VD and/or VBAC when assessing the success rate of TOLAC*' 74,

Since PRCS is significantly associated with various obstetric complications (especially hysterectomy and pla-
centa previa/placenta accreta), women desiring multiple pregnancies (>3) for the future should be fully advised
on the advantages of VBAC?>1%°.

Women requesting a TOLAC after 2 previous CS should be counselled of a VBAC successful rate of 71.1%
(similar to a history’s of one previous CS), a low risk of uterine rupture (1.36%) and a maternal morbidity

d25,81
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comparable to RCSs*#101-19%4 There is also evidence that the risk of uterine rupture with TOLAC after > 2 previ-
ous CS does not differ from a history’s of one single previous CS'®. Although it is reccommended to avoid TOLAC
in women with a uterine scar and a history of 3 or more CS*?, in a USA study of the Consortium of Safe Labour
during 2002-2008, 28.8% women with uterine scar out of 228,668 deliveries underwent TOLAC, with a 57.1%
VBAC successful rate?.

However, a shared decision on DM also implies full information to the woman not only on the benefits of
VBAC, but also on the potential serious health risks of a failed TOLAC, which include UCS, intrinsically associ-
ated with higher risk of mortality/morbidity for both the woman and the child***2. Women undergoing TOLAC
need to be closely monitored post-partum for the risk of uterine rupture, bleeding, and endometritis'*. The risk
of hysterectomy (0.56% vs. 0.19%,) and transfusion (1.99% vs. 1.21%) following TOLAC slightly increases with
a history of two previous CS as compared with one®*. Women should also be counselled that maternal mortality
associated with a planned CS in some circumstances may be lower than with a VD®!. Moreover, women should be
informed that a PPCS can offer protection to the pelvic floor after delivery, reducing the risk of incontinence and
organ prolapse, which require surgical interventions in 11.1% women during their lifetime!””. Finally, a planned
CS at 39 weeks gestation in some conditions may lower a number of untoward infant outcomes!*!%.

Conclusions

The PCS rate in FVG during 2005-2015 was 19.6%, well below the corresponding national picture of 29%
reported for 2010 and slightly under the most recent PCS rate reported for 2017 for the entire Italy (22.2%). By
contrast, the VBAC-1 rate was 28.4% (25.4% overall VBAC rate, considering VD on women with at least 1 previ-
ous CS), roughly three times the most recent corresponding national pictures (9% in 2017+ and 11.4% in 2010%?)
and rather near the 30% VBAC rate recommended by Europeristat*2. The difference between OCS rate in FVG
during 2005-2015 (24.2%) as compared to recent reports from the entire Italy (38.1%) are therefore mainly due
to RCS. This confirms the critical role of VBAC in the control of unnecessary CS.

Albeit we observed a marginal decrease in the crude rates of PCS and PPCS over the years in the entire FVG
region, accompanied by a progressive enhancement of the VBAC-1 rates over time, endeavours should be made
to further reduce the number of uneeded PCS and PPCS and increase the VBAC uptake (especially VBAC-2, on
women with 2 previous CS), bringing the OCS rate under 20%, near cut-ofts recommended by WHO and figures
achieved by the Nordic countries*>!1!11, We found remarkable variability of DM across FVG hospitals, which
likely reflects variable practice pattern sustained by lack of shared obstetric protocols and/or scarce adherence to
clinical guidelines. Standardized obstetric protocols should be introduced and enforced at the hospital level to
contain the number of redundant PCS, promoting TOLAC where appropriate. PCS and RCS for term singleton
pregancies with cefalic presentation should all be audited (also by second opinion)*. Decision-making on PCS
should be carefully evaluated for breech presentation and those grey areas potentially affected by subjective clin-
ical evaluation, such as higher maternal age, non-reassuring fetal status, obstructed labour, multiple births and
isolated oligohydramnios.

All eligible women delivering in FVG hospitals should be offered the option of a TOLAC as a standard policy,
especially in centers equipped with an anesthesiology unit dedicated to the labour ward, a blood bank and an
interventional radiology unit®. These supports allow clinicians to appropriately manage the dramatic, although
rare, emergencies associated with a failed TOLAC.

A number of interventions may be adopted to facilitate this process of change: education of staft/patients by
opinion leaders; introduction of a second opinion for all CS; prenatal counselling for women and partners$?-8>112,
Although, clinical audits, financial penalties and rewards to maternity centres could also be considered.

Data collected by CEDAP questionnaire in future should be improved to distinguish planned CS and CS
performed for failed induction. In order to better control the CS risk, in future the CEDAP questionnaire should
also collect information on whether an external version for breech presentation was offered, pursued and the
relative outcome (VD, PCS or even UCS). Moreover, the CEDAP questionnare should also collect information
on maternal requests for CS (including on eventual tocophobia and/or previous abdominal surgery), TOLAC
offered, TOLAC attempted and subsequent outomce (successful VBAC or UCS).

Position statement. This work reports the scientific interpretation of health data of FVG made by the
authors, it should not be considered an official position of the regional government of FVG.

Data availability

This study analyzed third party data, extracted from the Regional Repository of Friuli Venezia Giulia (FVG), a
database anonymously storing potentially sensitive information. Access to this database is therefore subject to
permission from the Regional Health Authority of FVG. Contact: Epidemiology & Health Information Service;
Central Health Directorate; Health & Social Integration; Social & Family Policies; Via Pozzuolo 330, 33100,
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Received: 12 March 2019; Accepted: 22 December 2019;
Published: 15 January 2020

References
1. Appropriate technology for birth. Lancet. 2(8452), 436-7 (1985).
2. Mascarello, K. C., Horta, B. L. & Silveira, M. F. Maternal complications and cesarean section without indication: systematic review
and meta-analysis. Rev. Saude Publica. 51, 105 (2017).
3. Betran, A. P. et al. The Increasing Trend in Caesarean Section Rates: Global, Regional and National Estimates: 1990-2014. PLoS
ONE 11(2), e0148343 (2016).

SCIENTIFIC REPORTS | (2020) 10:380 | https://doi.org/10.1038/s41598-019-57037-y


https://doi.org/10.1038/s41598-019-57037-y

www.nature.com/scientificreports/

o

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.
20.

21.
22.
23.

24.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

. Gregory, K. D, Jackson, S., Korst, L. & Fridman, M. Cesarean versus vaginal delivery: whose risks? Whosebenefits? Am. J. Perinatol.

29(1), 7-18 (2012).

. Timor-Tritsch, I. E. & Monteagudo, A. Unforeseen consequences of the increasing rate of cesarean deliveries:early placenta accreta

and cesarean scar pregnancy. A review. Am. J. Obstet. Gynecol. 207(1), 14-29 (2012).

. Marshall, N. E., Fu, R. & Guise, J. M. Impact of multiple cesarean deliveries on maternal morbidity: a systematicreview. Am. J.

Obstet. Gynecol. 205(3), 262 e1-8 (2011).

. Brown, H. L. Informing the patient and the community about the implications of primary cesarean. SeminPerinatol. 36, 403-6

(2012).

. Silver, R. M. et al. Maternal morbidity associated with multiple repeat cesarean deliveries. Obstet. Gynecol. 107, 1226-32 (2006).
. Clark, E. A. & Silver, R. M. Long-term maternal morbidity associated with repeat cesarean delivery. Am. J. Obstet. Gynecol. 205,

$2-10 (2011).

Franchi, M. et al. Unintentional transvesical caesarean section: incidence, risk factors, surgical technique and post-operative
management. Eur. J. Obstet. Gynecol. Reprod. Biol. 236, 26-31 (2019).

Lagana, A. S. et al. Uterine Scar Healing After Cesarean Section: Managing an Old Surgery in an Evidence-Based Environment. J.
Invest. Surg. 9, 1-3 (2018).

Sandall, . et al Short-term and long-term effects of caesarean section on the health of women and children. Lancet. 13, 392(10155),
1349-1357 (2018).

Cegolon, L. et al. Length of Stay Following Cesarean Sections: A Population Based Study in the Friuli Venezia Giulia Region
(North-Eastern Italy), 2005-2015. PLoS One. 14(2), €021075 (2019).

Cegolon, L. et al A Systematic Evaluation of Hospital Performance of Childbirth Delivery Modes and Associated Factors in the
Friuli Venezia-Giulia Region (North-Eastern Italy), 2005-2015. Scientific Reports. (under review) (2019).

Declercq, E. et al. Maternal Outcomes Associated With Planned Primary Cesarean Births Compared With Planned Vaginal Births.
Obstet. & Gynecol. 669(109), 669-677 (2007).

Kenny, C. et al. A cost-comparison of midwife-led compared with consultant-led maternity care in Ireland (the MidU study).
Midwifery. 31(11), 1032-8 (2015).

‘World Health Organization (2015). WHO Statement on Caesarean Section Rates.

Molina, G. et al. Relationship Between Cesarean Delivery Rate and Maternal and Neonatal Mortality. JAMA. 314(21), 2263-70
(2015).

Boerma, T. et al. Global epidemiology of use of and disparities in caesarean sections. Lancet. 392, 1341-48 (2018).

Hall, M. J., DeFrances, C. J., Williams, S. N., Golosinskiy, A. G. & Schwartzman, A. National Hospital Discharge Survey: 2007
Summary. Natl Vital. Stat. Report. 29, 1-24 (2010).

Betran, A. P. et al. Rates of cesarean section: analysis of global, regional and national estimates. Paediatr. Perinat. Epidemiol. 21(2),
98-113 (2007).

Hamilton, B. E., Martin, J. A. & Osterman, M. J. Births: Preliminary Data for 2015. Nat! Vital. Stat. Rep. 65, 1-15 (2015).

Gibbons, L. et al. for WHO. The global numbers and costs of additionally needed and unnecessary caesarean sections performed
per year: overuse as a barrier to universal coverage., http://www.who.int/healthsystems/topics/financing/healthreport/30C-
sectioncosts.pdf (accessed in September 2019) (2010).

Zhang, J. et al. for the Consortium on Safe Labor. Contemporary cesarean delivery practice in the United States. Am. J. Obstet.
Gynecol. 203(326), e1-10 (2010).

. Caughey, A. B., Cahill, A. G., Guise, ]. M. & Rouse, D. J. American College of Obstetricians and Gynecologists (College); Society

for Maternal-Fetal Medicine, Safe prevention of the primary cesarean delivery. Am. J. Obstet. Gynecol. 210, 179-93 (2014).

. Cheng, Y. et al. Delivery after prior caesarean: maternal morbidity and mortality. Clin. Perinatol. 38(2), 297-309 (2011).
. Barber, E. L. et al. Indications contributing to the increasing cesarean delivery rate. Obstet. Gynecol. 118,29-38 (2011).
. MacDorman, M., Declercq, E. & Menacker, F. Recent trends and patterns in cesarean and vaginal birth after cesarean (VBAC)

deliveries in the United States. Clin. Perinatol. 38, 179-92 (2011).

. Lee, Y. Y., Roberts, C. L. & Patterson, J. A. Unexplained variation in hospital caesarean section rates. Med. J. Aust. 199(5), 348-54

(2013).

. Hall, M. H. & Bewley, S. Maternal mortality and mode of delivery. Lancet. 354(9180), 776 (1999).
. Esteves-Pereira, A. P. et al. Caesarean delivery and postpartum maternal mortality: a population based case control study in Brazil.

PLoS One. 13(4), 11 (2016).

American College of Obstetricians and Gynecologists (ACOG) Practice Bulletin No. 205: Vaginal Birth After Cesarean Delivery.
Obstet. Gynecol. 133(2), e110-e127 (2019).

Kaiser Permanente (2009). A history of Total Health. Empowered women shape modern maternity care. Available from: www.
kaiserpermanentehistory.org/tag/early-discharge/(last accessed in October 2019).

Brick, A., Layte, R, Farren, M., Mahony, R. & Turner, M. J. Recent trends in vaginal birth after caesarean section. Ir. Med. J. 109(10),
482 (2016).

McMahon, M. J., Luther, E. R., Bowes, W. A. Jr & Olshan, A. F. Comparison of a trial of labor with an elective second cesarean
section. N. Engl. J. Med. 335(10), 689-95 (1996).

Lydon-Rochelle, M., Holt, V. L., Easterling, T. R. & Martin, D. P. Risk of uterine rupture during labor among women with a prior
cesarean delivery. N. Engl. . Med. 345(1), 3-8 (2001).

Persadie, R. J. & McDonagh, R. J. Vaginal birth after caesarean section: clinical and legal perspectives. J. Obstet. Gynaecol. Can.
25(10), 846-52 (2003).

Landon, M. B. et al. Maternal and Perinatal Outcomes Associated with a Trial of Labor after Prior Cesarean Delivery. N. Engl. J.
Med. 351, 2581-2589 (2004).

American College of Obstetricians & Gynecologists. ACOG Practice bulletin no. 115: Vaginal birth after previous cesarean
delivery. Obstet. Gynecol. 116, 450-463 (2010).

Clark, S. L., Garite, T. ]., Hamilton, E. E, Belfort, M. A. & Hankins, G. D. “Doing something” about the cesarean delivery rate. Am.
J. Obstet. Gynecol. 219(3), 267-271 (2018).

Guise, J. M. et al. Vaginal birth after cesarean: new insights on maternal and neonatal outcomes. Obstet. Gynecol. 115(6), 1267-78
(2010).

Euro-Peristat. Project with SCPE and EUROCAT. European perinatal health report. The health and care of pregnant women and
babies in Europe in 2010. May 2013. Online Data Tables. Available from: http://www.europeristat.com/our-indicators/euro-
peristat-perinatal-health-indicators-2010.html (last accessed: 11 November 2019).

AGENAS (2018). National Outcomes Program - PNE 2018 Edition. Available from: https://pne.agenas.it/main/doc/introduzione.
pdf (last accessed on 9" November 2019).

Cegolon, L. et al. Length of Stay Following Vaginal Deliveries: A Population Based Study in the Friuli Venezia Giulia Region
(North-Eastern Italy), 2005-2015. PLoS One. 14(1), €0204919 (2019).

Italian Ministry of Health. Ministerial Decree April 2, 2015, (G.U. June 4, 2015, n. 127). http://www.camera.it/temiap/2016/09/23/
OCD177-2353.pdf. (Last accessed 14 October 2019).

Benjamini, Y. & Hochberg, Y. Controlling the false discovery rate: a practical and powerful approach to multiple testing. J. R. Stat.
Society. 57, 289-300 (1995).

SCIENTIFICREPORTS | (2020) 10:380 | https://doi.org/10.1038/s41598-019-57037-y


https://doi.org/10.1038/s41598-019-57037-y
http://www.who.int/healthsystems/topics/financing/healthreport/30C-sectioncosts.pdf
http://www.who.int/healthsystems/topics/financing/healthreport/30C-sectioncosts.pdf
http://www.kaiserpermanentehistory.org/tag/early-discharge/
http://www.kaiserpermanentehistory.org/tag/early-discharge/
http://www.europeristat.com/our-indicators/euro-peristat-perinatal-health-indicators-2010.html
http://www.europeristat.com/our-indicators/euro-peristat-perinatal-health-indicators-2010.html
https://pne.agenas.it/main/doc/introduzione.pdf
https://pne.agenas.it/main/doc/introduzione.pdf
http://www.camera.it/temiap/2016/09/23/OCD177-2353.pdf
http://www.camera.it/temiap/2016/09/23/OCD177-2353.pdf

www.nature.com/scientificreports/

47.
48.

49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

64.
65.

66.

67.
68.
69.
70.
71.

72.

73.

74.

75.
76.

77.
. Schemann, K., Patterson, J. A., Nippita, T. A., Ford, J. B. & Roberts, C. L. Variation in hospital caesarean section rates for women

79.
80.

81.
82.

83.
84.
85.
86.

87.

88.

Minkoff, H. & Chervenak, E A. Elective Primary Cesarean Delivery. NEJM. 348, 946-949 (2003).

American College of Obstetricians and Gynecologists. Approaches to Limit Intervention During Labor and Birth. Obstet. Gynecol.
133, e164-73 (2019).

Gilliam, M., Rosenberg, D. & Davis, F. The likelihood of placenta previa with greater number of cesarean deliveries and higher
parity. Obstet. Gynecol. 99, 976-80 (2002).

Hemminki, E. & Merildinen, J. Long-term effects of cesarean sec- tions: ectopic pregnancies and placental problems. Am. J.
ObstetGynecol. 174, 1569-74 (1996).

National Insitute for Health and Care Excellence (2011). Caesarean section - Clinical guideline. Available from: https://www.nice.
org.uk/guidance/CG132 (last accessed on October 2019).

Sentilhes, L. et al. Delivery for women with a previous cesarean: guidelines for clinical practice from the French College of
Gynecologists and Obstetricians (CNGOF). Eur. J. Obstet. Gynecol. Reprod. Biol. 170, 25-32 (2013).

Levine, L. D. et al. A validated calculator to estimate risk of cesarean after an induction of labor with an unfavorable cervix. Am. J.
Obstet. Gynecol. 218(2), 254.e1-254.¢7 (2018).

Betran, A. P. et al. Interventions to reduce unnecessary caesarean sections in healthy women and babies. Lancet. 13(392(10155)),
1358-1368 (2018).

The American College of Obstetricians and Gynecologists. Practice Bulletin 13 External Cephalic Version. Practice Bulletin No.
161: External Cephalic Version. Obstet. & Gynecology. 127, e54-e61 (2016).

Stivanello, E., Rucci, P, Lenzi, J. & Fantini, M. P. Determinants of cesarean delivery: a classification tree analysis. BMC Pregnancy
Childbirth. 14,215 (2014).

Sakala, C. Medically unnecessary cesarean section births: introduction to a symposium. Soc. Sci. Med. 37, 1177-1198 (1993).
Boyle, A. et al. Primary Cesarean Delivery in the United States. Obstet. Gynecol. 122(1), 33-40 (2013).

Pinas, A. & Chandraharan, E. Continuous cardiotocography during labour: Analysis, classification and management. Best. Pract.
Res. Clin. Obstet. Gynaecol. 30, 33-47 (2016).

Zhang, J. et al. for the Consortium on Safe Labor. Contemporary patterns of spontaneous labor with normal neonatal outcomes.
Obstet. Gynecol. 116, 1281-7 (2010).

Gimovsky, A. C. & Berghella, V. Randomized controlled trial of prolonged second stage: extending the time limit vs usual
guidelines. Am. J. Obstet. Gynecol. 214(3), 361 (2016).

Shrem, G., Nagawkar, S. S., Hallaka, M. & Walfisch, A. Isolated Oligohydramnios at Term as an Indication for Labor Induction: A
Systematic Review and Meta-Analysis. Fetal Diagn. Ther. 40, 161-173 (2016).

Alfirevic, Z. et al. Which method is best for the induction of labour? A systematic review, network meta-analysis and cost
effectiveness analysis. Health Technol. Assess. 20(65), 1-584 (2016).

Mylonas, I. & Freise, K. Indications and Risks of Elective Cesarean Section. Deuthtches Artzebl Int. 112, 489-95 (2015).
Ciancimino, L. et al. Would it be too late? A retrospective case-control analysis to evaluate maternal-fetal outcomes in advanced
maternal age. Arch. Gynecol. Obstet. 290(6), 1109-14 (2014).

Pallasmaa, N., Ekblad, U., Gissler, M. & Alanen, A. The impact of maternal obesity, age, pre-eclampsia and insulin dependent
diabetes on severe maternal morbidity by mode of delivery-a register-based cohort study. Arch. Gynecol. Obstet. 291(2), 311-8
(2015).

Royal College of Obstetricians & Gynecologists (2014). Umbilical Cord Prolapse. Available from:https://www.rcog.org.uk/
globalassets/documents/guidelines/gtg-50-umbilicalcordprolapse-2014.pdf (last accessed on 11th November 2019).

Hamza, A., Herr, D. & Solomayer, E. F. Polyhydramnios: Causes, Diagnosis and Therapy. Geburtshilfe Frauenheilkd. 73(12),
1241-1246 (2013).

Suleiman, R. & Salim, R. Mode of delivery among women admitted with polyhydramnios. J. Obstet. Gynaecol. 37(4), 454-458
(2017).

Foulon, A. et al. Defining the Most Appropriate Delivery Mode in Women with Inflammatory Bowel Disease: A Systematic Review.
Inflamm. Bowel Dis. 23(5), 712-720 (2017).

Kadam, P. D. & Chuan, H. H. Erratum to: Rectocutaneous fistula with transmigration of the suture: a rare delayed complication of
vault fixation with the sacrospinous ligament. Int. Urogynecol J. 27(3), 505 (2016).

Mohammadi, S. F, Letafat-Nejad, M., Ashrafi, E. & Delshad-Aghdam, H. A survey of ophthalmologists and gynecologists
regarding termination of pregnancy and choice of delivery mode in the presence of eye diseases. J. Curr. Ophthalmol. 29(2),
126-132 (2017).

Lagana, A. S. et al. Global Congress on Hysteroscopy Scientific Committee. Optimal Timing and Recommended Route of Delivery
after Hysteroscopic Management of Isthmocele? A Consensus Statement From the Global Congress on Hysteroscopy Scientific
Comnmittee. . Minim. Invasive Gynecol. 25(4), 558 (2018).

Liu, E. H. C. & Sia, A. T. H. Rates of caesarean section and instrumental vaginal delivery in nulliparous women after low
concentration epidural infusions or opioid analgesia: systematic review. BMJ. 12(328), 1410 (2004).

Bonanno, C., Clausing, M. & Berkowitz, R. VBAC: A medico legal perspective. Clin. Perinatol. 38, 217-25 (2011).

National Institutes of Health Consensus Development Conference, P. National Institutes of Health Consensus Development
conference statement: vaginal birth after cesarean: new insights March 8-10, 2010. Obstet Gynecol. 115, 1279-1295 (2010).

Li, H. T. et al. Geographic Variations and Temporal Trends in Cesarean Delivery Rates in China, 2008-2014. JAMA. 317, 69-76 (2017).

with at least one previous caesarean section: a population based cohort study. BMC Pregnancy Childbirth. 15, 179 (2015).
Shilhady, I. R. et al. Vaginal birth after cesarean: do California hospital policies follow national guidelines? J. Reprod. Med. 52,
349-58 (2007).

Korst, L. M., Gregory, E. D., Fridman, M. & Phelan, J. P. Non clinical factors affecting women's access to trial of labor after cesarean
delivery. Clin. Perinatol. 38,193-216 (2011).

Penn, Z. & Ghaem-Maghami, S. Indications for caesarean section. Best. Pract. Res. Clin. Obstet. Gynaecol. 15, 1-15 (2001).
Wingert, A. et al. Adjunct clinical interventions that influence vaginal birth after cesarean rates: systematic review. BMC Pregnancy
Childbirth. 18, 452 (2018).

Lundgren, I. et al. Clinician-centred interventions to increase vaginal birth after caesarean section (VBAC): a systematic review.
BMC Pregnancy Childbirth 15, 16 (2015).

Lundgren, L. et al. Clinicians’ views of factors of importance for improving the rate of VBAC (vaginal birth after caesarean section):
a study from countries with low VBAC rates. BMC Pregnancy Childbirth 16, 350 (2016).

Nilsson, C., van Limbeek, E., Vehvilainen-Julkunen, K. & Lundgren, I. Vaginal birth after cesarean: views of women from countries
with high VBAC rates. Qual. Health Res. 27(3), 325-340 (2017).

Nilsson, C. et al. Vaginal birth after caesarean: Views of women from countries with low VBAC rates. Women Birth. 30(6), 481-490
(2017).

Clarke, M. et al. Improving the organisation of maternal health service delivery and optimising childbirth by increasing vaginal
birth after caesarean section through enhanced women-centred care (OptiBIRTH trial): study protocol for a randomised
controlled trial (ISRCTN10612254). Trials. 16, 542 (2015).

Shorten, A. & Shorten, B. The importance of mode of birth after previous cesarean: success, satisfaction, and postnatal health. J.
Midwifery Womens Health. 57(2), 126-32 (2012).

SCIENTIFIC REPORTS | (2020) 10:380 | https://doi.org/10.1038/s41598-019-57037-y


https://doi.org/10.1038/s41598-019-57037-y
https://www.nice.org.uk/guidance/CG132
https://www.nice.org.uk/guidance/CG132
https://www.rcog.org.uk/globalassets/documents/guidelines/gtg-50-umbilicalcordprolapse-2014.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/gtg-50-umbilicalcordprolapse-2014.pdf

www.nature.com/scientificreports/

89. Bossano, C. M., Townsend, K. M., Walton, A. C., Blomquist, J. L. & Handa, V. L. The maternal childbirth experience more than a
decade after delivery. Am. J. Obstet. Gynecol. 217(3), 342.e1-342.e8 (2017).

90. Karlstrom, A., Nystedt, A. & Hildingsson, I. A comparative study of the experience of childbirth between women who preferred
and had a caesarean section and women who preferred and had a vaginal birth. Sex. Reprod. Healthc. 2(3), 93-9 (2011).

91. Lobel, M. & De Luca, R. Psychosocial sequelae of cesarean delivery: review and analysis of their causes and implications. Soc. Sci.
Med. 64(11), 2272-84 (2007).

92. National Institutes of Health Consensus Development Conference Panel. National Institutes of Health Consensus Development
conference statement: vaginal birth after cesarean: new insights March 8-10, 2010. Obstet Gynecol. 115(6), 1279-95 (2010).

93. Frass, K. A. & Al Harazi, A. H. Outcome of vaginal birth after caesarean section in women with one previous section and
spontaneous onset of labour. East. Mediterr. Health ]. 17(8), 646-50 (2011).

94. Tahseen, S. & Griffiths, M. Vaginal birth after two caesarean sections (VBAC-2)—a systematic review with meta-analysis of success
rate and adverse outcomes of VBAC-2 versus VBAC-1 and repeat (third) caesarean sections. BJOG. 117(1), 5-19 (2010).

95. Royal College of Obstetricians & Gynecologists (2015). Birth After Previous Caesarean Birth. Available at: https://www.rcog.org.
uk/globalassets/documents/guidelines/gtg_45.pdf (last accessed on 5th November 2019).

96. Eshkoli, T., Weintraub, A. Y., Sergienko, R. & Sheiner, E. Placenta accreta: risk factors, perinatal outcomes, and consequences for
subsequent births. Am. J. Obstet. Gynecol. 208, 219.e1-7 (2013).

97. Cook, J. R, Jarvis, S., Knight, M. & Dhanjal, M. K. Multiple repeat caesarean section in the UK: incidence and consequences to
mother and child. A national, prospective, cohort study. BJOG. 120, 85-91 (2013).

98. Fitzpatrick, K. E. et al. Incidence and risk factors for placenta accreta/increta/percreta in the UK: a national case-control study.
PL0S One 7, €52893 (2012).

99. Kamara, M., Henderson, J. J., Doherty, D. A., Dickinson, J. E. & Pennell, C. E. The risk of placenta accreta following primary
elective caesarean delivery: a case-control study. BJOG. 120, 879-86 (2013).

100. Grobman, W. A. et al. National Institute of Child Health and Human Development (NICHD) Maternal-Fetal Medicine Units
(MFMU) Network. Pregnancy outcomes for women with placenta previa in relation to the number of prior cesarean deliveries.
Obstet. Gynecol. 110, 1249-55 (2007).

101. Macones, G. A. et al. Obstetric outcomes in women with two prior cesarean deliveries: is vaginal birth after cesarean delivery a
viable option? Am J Obstet Gynecol. 192, 1223-8; discussion 1228-9. (2005).

102. Miller, D. A., Diaz, F. G. & Paul, R. H. Vaginal birth after cesarean: a 10-year experience. Obstet. Gynecol. 84, 255-8 (1994).

103. Caughey, A. B. et al. Rate of uterine rupture during a trial of labor in women with one or two prior cesarean deliveries. Am. J.
Obstet. Gynecol. 181, 872-6 (1999).

104. Spaans, W. A., van der Vliet, L. M., Roell-Schorer, E. A., Bleker, O. P. & van Roosmalen, J. Trial of labour after two or three previous
caesarean sections. Eur. J. Obstet. Gynecol. Reprod. Biol. 110, 16-9 (2003).

105. Landon, M. B. et al. Risk of uterine rupture with a trial of labor in women with multiple and single prior cesarean delivery. Obstet.
Gynecol. 108, 12-20 (2006).

106. Agency for Healthcare Research and Quality (2010). Vaginal Birth After Cesarean: NewlInsights”. Available from: https://archive.
ahrq.gov/research/findings/evidence-based-reports/er191-abstract.html (accessed in November 2019).

107. Olsen, A. L., Smith, V. ], Bergstrom, J. O., Colling, J. C. & Clark, A. L. Epidemiology of surgically managed pelvic organ prolapse
and urinary incontinence. Obstet. Gynecol. 89, 501-6 (1997).

108. Feldman, G. B. & Freiman, J. A. Prophylactic cesarean section at term? N. Engl. J. Med. 312, 1264-7 (1985).

109. Saunders, N. & Paterson, C. Effect of gestational age on obstetric performance: when is “term” over? Lancet. 338, 1190-2 (1991).

110. Caughey, A. B. Evidence-Based Labor and Delivery Management Can We Safely Reduce the Cesarean Rate? Obstet. Gynecol. Clin.
North. Am. 44, 523-533 (2017).

111. Pyykonen, A. et al. Cesarean section trends in the Nordic Countries - a comparative analysis with the Robson classification. Acta
Obstet. Gynecol. Scand. 96, 607-616 (2017).

112. Nilsson, C. et al. Women-centred interventions to increase vaginal birth after caesarean section (VBAC): a systematic review.
Midwifery. 31(7), 657-63 (2015).

Author contributions

L.C. conceived the idea, design the study, analyzed/interpreted the data, wrote the original draft; G.M. contributed
to interpret the data and wrote the original draft; W.C.H., G.D.P.,, G.M. provided technical clinical supervision,
contributed to interpret the data and to write the manuscript, A.C. contributed to review the literature, to interpret
the data and to write the manuscript, L.R. and EB. supervised the data acquisition, contributed to interpret the
data and to write the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-57037-y.

Correspondence and requests for materials should be addressed to L.C.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
BY

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS | (2020) 10:380 | https://doi.org/10.1038/s41598-019-57037-y


https://doi.org/10.1038/s41598-019-57037-y
https://www.rcog.org.uk/globalassets/documents/guidelines/gtg_45.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/gtg_45.pdf
https://archive.ahrq.gov/research/findings/evidence-based-reports/er191-abstract.html
https://archive.ahrq.gov/research/findings/evidence-based-reports/er191-abstract.html
https://doi.org/10.1038/s41598-019-57037-y
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Understanding Factors Leading to Primary Cesarean Section and Vaginal Birth After Cesarean Delivery in the Friuli-Venezia G ...
	Methods

	Ethics Statement. 
	The database. 
	Endpoints. 
	Conceptual framework. 
	Statistical analysis. 

	Results

	Descriptive results. 
	Outcome results. 

	Discussion

	Key findings. 
	Strengths and limitations. 
	PCS and PPCS. 
	TOLAC and VBAC. 
	Hospital variability by delivery mode. 
	Prospects. 

	Conclusions 

	Position statement. 

	﻿Figure 1 Flowchart displaying the criteria applied to the initial database to obtain the final number of records available for the analysis.
	﻿Figure 2 (Conceptualized by LC and GDP).
	﻿Figure 3 Crude rates of Overall Cesarean Sections (OCS), Primary Cesarean Section (PCS), Planned Primary Cesarean Sections (PPCS), Vaginal Birth After 1 Cesarean (VBAC-1) and Urgent/Emergency Cesarean Sections (UCS) out of OCS (UCS/OCS) in Friuli Venezia
	Table 1 Total number of hospital births, rates of Overall Cesarean Sections (OCS), Primary Cesarean Sections (PCS), Planned Primary Cesarean Sections (PPCS) and Vaginal Births After 1 previous Cesarean Section (VBAC-1), by maternity centre and calendar ye
	Table 2 Total number of hospital births, rates of Overall Cesarean Sections (OCS), Primary Cesarean Sections (PCS), Planned Primary Cesarean Sections (PPCS) and Vaginal Births After 1 previous Cesarean Section (VBAC-1), by maternal health factors.
	Table 3 Total number of hospital births, rates of Overall Cesarean Sections (OCS), Primary Cesarean Sections (PCS), Planned Primary Cesarean Sections (PPCS) and Vaginal Births After 1 previous Cesarean Section (VBAC-1), by clinical factors of the newborn.
	Table 4 Total number of hospital births, rates of Overall Cesarean Sections (OCS), Primary Cesarean Sections (PCS), Planned Primary Cesarean Sections (PPCS) and Vaginal Births After 1 previous Cesarean Section (VBAC-1), by socio-demographic and obstetric 
	Table 5 Total number of hospital births, rates of Overall Cesarean Sections (OCS), Primary Cesarean Sections (PCS), Planned Primary Cesarean Sections (PPCS) and Vaginal Births After 1 previous Cesarean Section (VBAC-1), by obstetric factors.




