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Objective: Caesarean section is increasing in prevalence and with it the proportion of women going into
their next pregnancy with a scar on their uterus. For women considering vaginal birth after caesarean
(VBAC), accurate information about the associated risks is required.
Study design: The cohort comprised 192,057 women who had a vaginal delivery of a singleton, term,
cephalic infant between the 1st April 2013 and the 31st March 2014 in England: 182,064 women who

were having their first baby, and 9993 women who were having a second baby after a previous caesarean
OASI . . : . . . .
Third and fourth degree tear de1¥ve.1y. Their Al'lSk of an ob;tet{'lc anal sphincter injury (OASI) was compgr_ed using a mixed-effects
VBAC logistic regression model, adjusting for maternal age, use of instrument, episiotomy, prolonged labour,
shoulder dystocia, and demographic factors.
Results: The OASI rate was 5.0% in primiparous women, 5.8% in secondiparous women undergoing VBAC
after previous elective caesarean, and 7.6% in secondiparous women undergoing VBAC after previous
emergency caesarean. Women having a VBAC for their second baby following an emergency caesarean
section in their first delivery had a higher rate of OASI than primiparous women (adjusted OR 1.31; 95%
CI: 1.20, 1.43), For women with a previous elective delivery, the rates are similar to those for primiparous
women.
Conclusion: Women having a VBAC after emergency caesarean have a higher rate of OASI than
primiparous women. This is important in the counselling of women considering VBAC.

© 2019 Elsevier B.V. All rights reserved.

Keywords:

Introduction

Caesarean section rates are rising worldwide; reasons include
increase in need due to maternal and fetal comorbidity and
increase in use as other methods of managing difficult birth, such
as use of instruments, declines [1]. In the United Kingdom the rate
of caesarean section has risen from 12% in 1990 to 26% in 2015
[2,3]. Having delivered by caesarean, a woman enters her next
pregnancy with a scar on her uterus from the previous surgery. This
has an impact on pregnancy and birth, including increased risk of
placental disorders, stillbirth, postpartum haemorrhage, and
uterine rupture [4].

In a pregnancy after a previous caesarean, current guidance
[4,5], recommends that a choice is offered between a planned
repeat elective caesarean (ERCS) and a planned vaginal birth after

* Corresponding author at: Lindsey Stewart Centre, Royal College of Obstetricians
and Gynaecologists, 27 Sussex Place, London, NW1 4RG, England, United Kingdom.
E-mail address: Jennifer.jardine@lshtm.ac.uk (J.E. Jardine).

https://doi.org/10.1016/j.ejogrb.2019.02.004
0301-2115/© 2019 Elsevier B.V. All rights reserved.

caesarean (VBAC). The rate of successful VBAC once attempted is
estimated at 63%-75% [6-8].

Obstetric anal sphincter injury (OASI), or a third or fourth
degree perineal tear, is a major complication of vaginal birth,
occurring in 3.5% of all vaginal births in the UK [9,10]. It is more
common in primiparous women, women of Asian ethnic origin,
and women having an instrumental birth [11]. The rate of reported
OASI has increased in recent years, tripling from 1.8% in
primiparous women giving birth at term to a baby in the cephalic
position in 2000 to 5.9% in the same population in 2012 [11]. Even
with timely repair, the risk of complications is high: 20-40% of
women will have symptoms of incontinence or urgency at 12
months after delivery [10].

Recently, a number of studies have suggested that there is an
increased risk of OASI associated with VBAC [12-15] as compared
with vaginal birth in primiparous women.

There is a need for information about the risk of OASI in VBAC in
order to appropriately counsel women considering a trial of labour
after previous caesarean section. This study aims to evaluate
whether there is an association between VBAC and risk of OASI.
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Materials and methods

This is a retrospective cohort study of women aged 15-45 who
delivered a singleton infant in the cephalic position at term
gestation (between 37 weeks and zero days gestation and 42
weeks and six days gestation) vaginally as either their first or
second birth, in English NHS trusts between the 15 April 2013 and
31%* March 2014.The impact of previous caesarean delivery on OASI
was examined by comparing two groups of women having their
first vaginal delivery: primiparous women, and secondiparous
women with previous caesarean delivery.

Data source

Women were included if the birth was recorded in Hospital
Episode Statistics (HES) and occurred in an NHS trust with an
obstetric unit. HES is an administrative dataset which includes
information on all day case and inpatient admissions in the NHS in
England. Data are uploaded from a range of different systems
within NHS trusts, cleaned and validated centrally. The principal
purpose of this dataset is for the coding and payment of NHS
providers. Following the removal of identifying information, the
dataset is made available for health services evaluation and
research [16].

For each admission, length of stay, date of admission and
discharge, demographic characteristics and appropriate disease
and procedure codes are recorded, using the International
Classification of Diseases (WHO ICD-10 [17]) and NHS OPCS
Classification of Interventions and Procedures (OPCS-4 [18]). For
admissions resulting in the birth of a baby, information about the
birth is recorded in HES as a separate ‘maternity tail’ and ‘baby

Table 1
Available Information and Source.

tail’. Episodes were identified as birth episodes in HES if there
were details of delivery method in either the maternity tail or the
procedure codes [19]. Birth datasets were available from 15 April
2000; data for each birth year were sequentially merged with HES
ID as the unique identifier. A count variable was generated for
previous births within the dataset, and a further indicator
variable if this was by caesarean section. These variables were
then used to supplement the available information about parity
and to establish whether the woman had a previous caesarean
section [20].

The overall period of history was thirteen years. The median
interval between first and second birth in the UK is 36 months
[21].

Definition of cohort

The exposure of interest was whether the woman had
previously had a caesarean delivery.

Women were defined as primiparous if they had a delivery of a
live, singleton baby at term between the 1% April 2013 and 31°¢
March 2014, and had no deliveries recorded in HES between the
financial years of 2000-2013.

Women were defined as VBAC for the purposes of this study if
they had two and only two deliveries recorded in HES between 1%
April 2000 and 315t March 2014; both deliveries were of live,
singleton babies at term; their first delivery was a caesarean
delivery; and their second delivery occurred between the 1°¢ April
2013 and 31°* March 2014 [6].

Women were regarded as having had an OASI if they had both
an ICD-10 code for diagnosis of the tear and an OPCS code for its
repair (Table 1) [11].

Variable Detail Source

Codes

Maternal factors
Presence of diabetes Whether or not the mother ICD-10 codes
had diabetes

Whether the mother had

pre-eclampsia

Presence of pre-eclampsia ICD-10 codes

Whether the mother had
hypertension

Presence of hypertension

Presence of obesity
was obese

Information about delivery
Indication for previous or
current caesarean

Mode of delivery
where not available

Episiotomy Whether an episiotomy OPCS code R27.1
Prolonged labour was given ICD-10 code
Shoulder dystocia ICD-10 code

Presence of OASI
code for repair

ICD-10 codes for mother

Whether or not the woman ICD-10 code for mother

ICD-10 codes for mother

OPCS codes, and HES maternity tail

ICD-10 code for injury with OPCS

024: diabetes in pregnancy

011: pre-eclampsia superimposed on chronic hypertension

014: pre-eclampsia

015: eclampsia

010: pre-existing hypertension complicating pregnancy, childbirth
and puerperium

E66: obesity

Fetal distress codes: 068, 069.0, 069.1, 069.2
Obstructed labour codes: 062, 063, 064.0, 064.2, 064.4, 065, 066.2,
066.3, 066.4, 066.5, 066.8, 066.9

Failed induction of labour: 061

Placenta disorder:043

Fetal malpresentation including breech: other 064 codes
R17: elective caesarean; this was recoded if evidence of labour to
emergency caesarean [6]

R18: emergency caesarean

R19: breech extraction

R20: other breech delivery

R21: forceps delivery

R22 vacuum delivery

R23 spontaneous cephalic delivery

R24 normal delivery

R27.1 episiotomy

063 long labour

066.0 obstructed labour as result of shoulder dystocia
Tear: 070.2 (third)

070.3 (fourth)

Repair: R32.2 (third)

R32.5 (fourth)
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Choice of confounders was guided by previous work in this
area [6,11]. The maternity record contained information about
maternal age, ethnicity, and the socio-economic status of the
mother’s area of residence at the time of birth using the index of
multiple deprivation, which combines economic and social
information [22]. It also contained information about birth-
weight and mode of birth, including whether a caesarean was
emergency or elective. Both gestational age and the ICD-10 code
060 (preterm labour and delivery) were used to exclude preterm
births. Information about delivery method was derived from
OPCS codes where available (Table 1) and from the maternity
tail where this was not available [6]. All variables used as
confounders have been validated for quality and used in
previously published work [2].

This study is a complete case analysis. Birth records without a
valid birthweight, maternal age or delivery method were removed
from the analysis.

Statistical analysis

Baseline data were assessed by grouping: primiparous women;
and secondiparous women with a previous caesarean delivery. The
distribution of categorical variables was assessed using chi-squared
tests. Initial cross tabulations were performed for each predictor
variable and the binary outcome (presence of an OASI), with chi-
squared tests performed for categorical variables and simple logistic
regression analyses for comparing sequential associations.

The multivariable models included maternal age (categorised in
five year intervals from 15 to 45 years), birthweight (<2500g,
2500 g-4000 g and over 4000 g [11]), mode of delivery, episiotomy
and maternal ethnicity as demographic variables. There were no
concerns about number of outcomes per parameter.

A mixed effects model was constructed by adding a variable
for which trust the woman had given birth in. The level of both
obstetric anal sphincter injury and VBAC is known to vary

excluded)

(n=639,101)

All women having a birth recorded in
HES: 1st April 2013 and 31st March 2014
(if two births in same year, second birth

Exclusions:

Multiple births = 9800

Births before term = 36613
Stillbirths = 2809

Occurring in small trusts, or
trust not coded = 1432
Non-cephalic presentation =

28481

Maternal age outside range
or missing = 709

Births after 42 weeks = 1144

(n=478,529)

Exclusions:

Women age 15-45 having singleton births
of live children in the cephalic position

between 37 and 42 weeks of gestation

Births missing information
about mode of delivery =
14586

Births missing information
about birthweight = 73,933
*some of these categories

Parity >=2 = 78,382

overlap so the total is higher
than the number excluded

(n=400,147)

n=166,032)

Exclusions:

Primiparous and secondiparous women

(primiparous, n=234,115; secondiparous

Caesarean delivery
52,051 primiparous (22.23%)

35,194 secondiparous (21.20%)

Primiparous and secondiparous women

who had a vaginal delivery

(n=312,902)

Primiparous women

(n=182,064)

[

Secondiparous women with

previous vaginal delivery

(n=120,845)

Fig. 1. Selection of Cohort.

Secondiparous women with

previous caesarean section

(n=9,993)
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between trusts in England for reasons which are independent of
case mix [2,6]. This was therefore modelled using a random
effect.

Ethics

This project uses routine data collected for the purposes of
health services evaluation in the UK and no local approval is
required. This project was considered by the LSHTM MSc Ethics
Committee and approved (application reference 13,715).

Results
Selection of cohort

There were 552,462 women who gave birth to a singleton baby in
the cephalic position at term (37-42 weeks gestation) in England
between the 1st April 2013 and the 21st March 2014. 88,625 records
were excluded as they did not have complete information about
mode of birth, maternal age, or birthweight (Fig. 1).

Characteristics of cohort

The cohort for study was composed of 192,057 women who had
a vaginal delivery of a singleton, term cephalic infant between the
1% April 2013 and the 31%* March 2014 in England: 182,064 women
were having their first baby, and 9993 women were having a
second baby after a previous caesarean delivery. The baseline

characteristics of the two groups are given in Table 2. Women who
were in the secondiparous group were more likely to be older and
of non-white ethnic origin, and more likely to experience a
shoulder dystocia. The groups had similar rates of episiotomy
during instrumental delivery, but women having a VBAC were
more likely to have an episiotomy during a spontaneous vaginal
delivery. The indications for the initial caesarean section are
available in Table 3.

Rates of obstetric anal sphincter injury

The number of women who had an obstetric anal sphincter
injury was 9103 (5.0%) of primiparous women, 98 (5.8%) of
secondiparous women undergoing VBAC after previous elective
caesarean, and 618 (7.6%) in secondiparous women undergoing
VBAC after previous emergency caesarean.

The observed increased chance of OASI was restricted to
women with previous emergency caesarean delivery (adjOR 1.31;
95% Cl 1.20 to 1.43; p < 0.001) (Table 4). There was no difference in
rates between those who had a previous elective caesarean
delivery and primiparous women adjOR 1.06; 95% CI 0.89 to 1.29;
p>0.5). The adjusted rate of OASI in women with an emergency
caesarean is 6.40% (calculated from OR and baseline rate)
compared to 5.0% in primiparous women. Further stratification
by indication of emergency caesarean showed no restriction of
effect (Table 5).

Incidence of OASI was higher in women of Asian ethnic
origin (adjOR 2.18, 95% CI 2.03-2.34) in shoulder dystocia

Table 2
Summary characteristics of cohort who delivered vaginally.
Primiparous women Secondiparous women, previous caesarean p-value®
Women in group 182,064 9993
Mode of delivery <0.001
Spontaneous vaginal 128,930 (70.8%) 6177 (61.8%)
Instrumental 53,134 (29.2%) 3816 (38.2%)
ventouse 22,875 (12.6%) 1726 (17.3%)
forceps 30,259 (16.6%) 2090 (20.9%)
Episiotomy
With spontaneous vaginal 18,319 (14.2%) 1148 (18.6%) <0.001
With instrumental
ventouse 17,695 (77.4%) 1302 (75.4%) 0.07
forceps 27,098 (89.6%) 1874 (89.7%) 0.87
Factors in labour
Prolonged labour 27, 234 (15.0%) 1516 (15.2%) 0.56
Shoulder dystocia 2233 (1.2%) 161 (1.6%) 0.001
Birthweight <0.001
<2500g 5,285 (2.9%) 275 (2.8%)
2500-3999¢ 161,101 (88.5%) 8723 (87.3%)
>4000g 15,678 (8.6%) 995 (10.0%)
Age <0.001
15-20 15,650 (8.6%) 110 (1.1%)
20-25 42,176 (23.2%) 1280 (12.8%)
25-30 53,925 (29.6%) 2633 (26.4%)
30-35 47,734 (26.2%) 3598 (36.0%)
35-40 18,509 (10.2%) 2014 (20.2%)
40-45 4,070 (2.2%) 358 (3.6%)
Ethnic origin <0.001
White 22,600 (74.7%) 1497 (71.6%)
Afro-Caribbean 661 (2.2%) 96 (4.6%)
Asian 2,986 (9.9%) 334 (16.0%)
Other 1,808 (6.0%) 91 (4.4%)
Unknown 2,204 (7.3%) 72 (3.4%)

2 42 test of association between groups.
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Table 3
Indications for previous caesarean.
First delivery Number of Second delivery: elective Second delivery: emergency Second delivery: vaginal p-value®
women caesarean caesarean delivery
Women in group 36,512 18,163 8,356 9993
Elective caesarean 6,800 3,898 (57.3%) 1218 (17.9%) 1684 (24.8%) <0.001
Placental disorder 340 173 (50.9%) 65 (19.1%) 102 (30.0%)
Failed induction of labour 943 606 (64.3%) 226 (24.0%) 111 (11.8%)
Fetal presentation 3,120 1,315 (42.2%) 584 (18.7%) 1221 (39.1%)
Other reasons 2,397 1,804 (75.3%) 343 (12.3%) 250 (10.4%)
Emergency caesarean 28,503 13,523 (47.4%) 6879 (24.1%) 8102 (28.4%) <0.001
Fetal distress 11,166 5,185 (46.4%) 2913 (26.1%) 3068 (27.5%)
Prolonged/obstructed labour 6,836 3,318 (48.5%) 1489 (21.8%) 2029 (29.7%)
Fetal distress and prolonged/obstructed 5,545 2,686 (48.4%) 1313 (23.7%) 1546 (27.9%)
labour
Other reasons 4,956 2334 (471%) 1164 (23.5%) 1459 (29.4%)

2 2 test of association between groups.

Table 4

Adjusted rates of obstetric anal sphincter injury, in cohort who delivered vaginally and had no previous vaginal delivery; stratified analyses by type of previous caesarean

(elective or emergency).

Unadjusted ate of tear per 100 births (%) Crude odds ratio Adjusted odds ratio 95% Cl p-value?

Primiparous women 5.0% - - - -
Previous elective caesarean 5.8% 118 1.06 (0.89, 1.29) 0.67
Previous emergency caesarean 7.6% 1.56 131 (1.20, 1.43) <0.001
Mode of delivery

Spontaneous vaginal 4.2% Ref Ref - -
Instrumental

ventouse 4.0% 0.96 1.78 (1.63, 1.95) <0.001

forceps 9.6% 2.44 5.20 (4.81,5.62) <0.001
Factors in labour

Episiotomy 4.8% 0.92 0.30 (0.28, 0.32) <0.001

Prolonged labour 71% 1.55 1.04 (0.97,1.11) 0.246

Shoulder dystocia 11.0% 2.34 177 (1.52, 2.06) <0.001
Birthweight

<2500g 2.2% 0.44 0.41 (0.34, 0.50) <0.001

2500-3999 g 4.8% Ref Ref - -

>4000g 8.8% 192 1.80 (1.69, 1.92) <0.001
Age

15-20 2.6% 0.68 0.74 (0.66, 0.82) <0.001

20-25 3.8% Ref Ref - -

25-30 5.9% 1.60 1.46 (1.37,1.56) <0.001

30-35 6.0% 1.63 1.51 (1.41, 1.62) <0.001

35-40 5.2% 138 1.26 (114, 1.38) <0.001

40-45 3.9% 1.02 110 (0.91, 1.34) 0.31
Ethnic origin

White 4.7% Ref Ref - -

Afro-Caribbean 4.2% 0.90 117 (1.02,1.33) 0.02

Asian 8.7% 194 2.18 (2.03,2.34) <0.001

Other 4.8% 1.04 112 (1.02, 1.23) 0.02

Unknown 5.2% 112 115 (1.05, 1.27) 0.004
Deprivation - by quintile

Least deprived 5.9% - Ref - -

2nd 5.4% 0.92 0.94 (0.87,1.02) 0.14

3rd 51% 0.86 0.91 (0.84, 0.98) 0.01

4th 4.8% 0.81 0.99 (0.82, 0.95) 0.002

Most deprived 51% 0.76 0.86 (0.79, 0.93) <0.001

(adjOR 1.77,95% CI 1.52-2.06) and with birthweights of 4 kg or
above (adjOR 1.80, 95% CI 1.69-1.92). Episiotomy (adjOR 0.30,
95% CI 0.28-0.32) and birthweight of less than 2.5 kg (adjOR
0.41, 9%% 91 0.34-0.50) appeared to be protective. This is
consistent with previously published work [11].

The finding that OASI rate is higher in secondiparous women
undergoing VBAC than primiparous women was robust to

sensitivity analyses: (1) examining methods of defining parity
using the value of parity recorded in HES [20] (adjOR 1.27, 95% CI
1.28-1.38); and (2) examining alternative methods of identifying
tears, if they had either a record of a tear using the ICD-10 code or
the repair using the OPCS code (adjOR 1.37, 95% CI 1.24-1.52); and
(3) restriction to cases complete for all covariates (adjOR 1.34, 95%
CI 1.23-1.45).
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Table 5

Indications for previous caesarean delivery, among women who went on to have a vaginal delivery in their second birth, stratified by whether they experienced an OASI.
First delivery Second delivery: vaginal delivery (no OASI) Second delivery: vaginal delivery with OASI p-value®
Women in group 9,275 (92.8%) 718 (7.2%)
Elective caesarean 1,586 (94.2%) 98 (5.8%) 0.74
Placental disorder 148 (94.3%) 9 (5.7%)
Fetal presentation 2,092 (92.2%) 178 (7.8%)
Failed induction of labour 104 (93.7%) 7 (6.3%)
Other reasons 5,348 (92.4%) 438 (7.6%)
Emergency caesarean 7,484 (92.4%) 618 (7.6%) 0.18

Fetal distress
Prolonged/obstructed labour
Fetal distress and prolonged/obstructed labour 1,434 (92.8%)
Other reasons 1,362 (93.5%)
Caesarean section, undefined 205

2,833 (92.3%)
1,855 (91.4%)

235 (7.7%)
174 (8.6%)
112 (7.2%)
97 (6.7%)

#b

2 42 test of association between groups.
b # suppression of numbers under 5.

Comment

We found that women having a VBAC for their second baby are
1.3 times more likely to experience OASI compared to women
having their first baby vaginally, adjusted for delivery method,
birthweight, ethnicity and other potential confounding factors.
Indication for the previous emergency caesarean did not seem to
have impact on this effect.

Possible reasons for this finding can be considered as power,
passage and passenger.

Power may differ between groups: women having a VBAC may
be required to progress more rapidly in labour than primiparous
women, and subject to more interventions [23]. However, this
effect is not seen in those with a previous elective caesarean,
suggesting that this is less likely.

Women who undergo an emergency caesarean section may
have some unmeasured underlying characteristic which
affects the passage of the infant and is more likely to result
in an emergency caesarean, or an OASI if delivering vaginally,
such as underlying cephalo-pelvic disproportion. A prior study
found an effect associated with maternal height.!> However
there is a paucity of evidence and this requires additional
investigation.

Larger fetal size or fetal malpresentation is associated with both
OASI and an emergency caesarean section. While this study adjusts
for birthweight, data was not available for fetal head circumference
or for fetal presentation at birth.

Our findings are consistent with previously published studies.
An Irish study in a single centre, which looked at a cohort from
2001 to 2011, found an odds ratio for an OASI in a VBAC of 1.4 [13].
Similarly, a Finnish cohort study found an odds ratio of 1.42 for
OASI in VBAC compared to primiparous women [12]. A study in the
USA also showed an increased risk in VBAC (relative risk quoted as
1.4) [24]. No study, however, stratified based on whether the initial
caesarean section was elective or emergency.

Strengths and limitations

To the best of our knowledge, this is the largest study to date to
address the question of whether there is an increased risk of OASI
in women undergoing VBAC.

The study uses data collected in the routine delivery of
healthcare and used for payment of providers. The healthcare
system in the UK is universally free at the point of need to
individuals, and over 99% of babies in England are born in NHS care
[25]. Avery small number of women having a VBAC deliver at home
or in trusts without obstetric units and thus would not be captured
by this dataset [26]. Approximately 2% of births occur at home [9].

Home births are not well recorded in HES [27] but home births are
not recommended for women attempting VBAC [28].

This study uses data which have been checked for quality and
published on a named trust basis [2], from routine care at delivery
in England. The coding for the key variables of mode of delivery,
birthweight, tears and episiotomy is considered to be reliable
[2,11,19]. This data has previously been used to inform guidelines
and policy [29].

The most significant limitation of this analysis is in its
unmeasured confounding. The groups of women are different in
the baseline characteristics that can be measured and adjusted for
in the dataset, such as age. Furthermore, HES does not contain
information about BMI, and the code ‘obesity’ is used much less
often than expected. Obesity is associated with a reduction in rates
of obstetric anal sphincter injury [30]. Moreover, obesity is
associated with a reduction in success rate of VBAC [31]. Therefore,
it is possible that women with a high BMI are disproportionately
represented in the primiparous group, and that this is a partial
positive confounder. Labour anaesthesia is also unreliably coded in
HES [2]; this, however, is likely to be a negative confounder, as
epidural anaesthesia is both recommended early in VBACs [4] and
is associated with a reduction in OASI [32,33].

This is a complete-case analysis; it assumes that missingness
occurs at random. It is challenging to test this assumption
completely; particularly as, while the cases included are complete
for the variables where missingness is identifiable (such as
birthweight), for some variables, such as episiotomy, it is assumed
that if the diagnosis or procedure did not occur. However, even if
the assumption is not completely met, provided the logistic model
is correctly specified, a complete record analysis can generate
asymptotically unbiased results under a wide range of missingness
and selection patterns [34].

Conclusions

The odds ratio of an obstetric anal sphincter injury in women
having a VBAC for their second baby is 1.3 compared to women
having their first baby vaginally, adjusted for delivery method,
birthweight, ethnicity and other potential confounding factors.
This represents an absolute increase of risk from 5.0% in
primiparous women to 6.4% (adjusted) in secondiparous women
with previous emergency caesarean.

Our results are of use to clinicians counselling women
considering VBAC in England and in countries with similar VBAC
rates. Current guidance does not include any recommendation to
counsel women receiving VBAC about their risk of OASI [4]. This
advice should be re-evaluated in order to ensure women receive
accurate information. However, choices about VBAC must continue
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to be balanced against the risks of elective repeat caesarean
section, which include increased scarring and prolonged recovery.

Funding

No funding was received for this project.

Acknowledgements

The authors thank the Clinical Effectiveness Unit at the Royal
College of Surgeons for enabling access to the data. We also thank
Karla Diaz-Ordaz for helpful discussion about missing data in this
context.

References

[1] World Health Organization. WHO statement on caesarean section rates. [cited
2018 October 1] Available from:. WHO; 2015. http://apps.who.int/iris/
bitstream/10665/161442/1/WHO_RHR_15.02_eng.pdf.

[2] Carroll F, Knight HE, Gurol-Urganci I, van der Meulen JH. Patterns of maternity
care in English NHS Trusts 2013/14 rcog.org.uk. 2019.

[3] Department of Health. NHS maternity statistics, England: 1998-99 to 2000-
01. [Internet]. [cited 2018 Jul 2]. Available from:. 2007. http://webarchive.
nationalarchives.gov.uk/+/www.dh.gov.uk/en/Publicationsandstatistics/Sta-
tistics/StatisticalWorkAreas/Statisticalhealthcare/DH_4086519.

[4] Gupta]K, Smith G, Chodankar RR. RCOG green-top guideline No 45: birth after
previous caesarean birth. [Internet]. rcog.org.uk. [cited 2016 Oct 1]. Available
from:. 2015. https://www.rcog.org.uk/en/guidelines-research-services/guide-
lines/gtg45/.

[5] American College of Obstetricians and Gynecologists. ACOG practice bulletin
no. 115: vaginal birth after previous cesarean delivery. Obstet Gynecol
2010;116:450-63.

[6] Knight HE, Gurol-Urganci I, van der Meulen JH, Mahmood TA, Richmond DH,
Dougall A, et al. Vaginal birth after caesarean section: a cohort study
investigating factors associated with its uptake and success. BJOG 2014;121
(January (2)):183-92.

[7] Guise J-M, Berlin M, McDonagh M, Osterweil P, Chan B, Helfand M. Safety of
vaginal birth after cesarean: a systematic review. Obstet Gynecol 2004;103
(March (3)):420-9.

[8] Mozurkewich EL, Hutton EK. Elective repeat cesarean delivery versus trial of
labor: a meta-analysis of the literature from 1989 to 1999. Am ] Obstet Gynecol
2000;183(November (5)):1187-97.

[9] NMPA Project Team. NMPA clinical report 2017: based on births from 1st April
2015 to 31st March 2016. RCOG; 2017 2017 Nov.

[10] Fernando RJ, Sultan AH, Radley S, Jones PW, Johanson RB. Management of
obstetric anal sphincter injury: a systematic review & national practice survey.
BMC Health Serv Res 2002;2(May (1))9 BioMed Central.

[11] Gurol-Urganci I, Cromwell DA, Edozien LC, Mahmood TA, Adams EJ, Richmond
DH, et al. Third- and fourth-degree perineal tears among primiparous women
in England between 2000 and 2012: time trends and risk factors. BJOG
2013;120(November (12)):1516-25.

[12] Rédisdnen S, Vehvildinen-Julkunen K, Cartwright R, Gissler M, Heinonen S. A
prior cesarean section and incidence of obstetric anal sphincter injury. Int
Urogynecol ] 2013;24(August (8)):1331-9.

[13] Hehir MP, Fitzpatrick M, Cassidy M, Murphy M, O’Herlihy C. Are women having
a vaginal birth after a previous caesarean delivery at increased risk of anal
sphincter injury? BJOG 2014;121(November (12)):1515-20.

[14] Lowder JL, Burrows LJ, Krohn MA, Weber AM. Risk factors for primary and
subsequent anal sphincter lacerations: a comparison of cohorts by parity and
prior mode of delivery. Am ] Obstet Gynecol 2007;196(April (4))344 e1-344.e5.

[15] Elvander C, Ahlberg M, Thies-Lagergren L, Cnattingius S, Stephansson O. Birth
position and obstetric anal sphincter injury: a population-based study of
113,000 spontaneous births. BMC Pregnancy Childbirth 2015;15(December
(1))252 BioMed Central.

[16] Team HDQ. The HES processing cycle and data quality content.digital.nhs.uk.
2016.

[17] WHO. International statistical classification of diseases and related health
problems 10th revision. [Internet]. apps.who.int. [cited 2018 Jul 1]. Available
from:. 10 ed. 2018. http://apps.who.int/classifications/icd10/browse/2016/en.

[18] Digital N. NHS classifications: OPCD-4. [Internet]. data.gov.uk. [cited 2018 Aug
28]. Available from:. 2018. https://data.gov.uk/dataset/nhs-classifications-
opcs-4.

[19] Knight HE, Gurol-Urganci I, Mahmood TA, Templeton A, Richmond D, van der
Meulen JH, et al. Evaluating maternity care using national administrative
health datasets: how are statistics affected by the quality of data on method of
delivery? BMC Health Serv Res 2013;13(May (1))200 3rd ed. BioMed Central.

[20] Cromwell DA, Knight HE, Gurol-Urganci I. Parity derived for pregnant women
using historical administrative hospital data: accuracy varied among patient
groups. J Clin Epidemiol 2014;67(May (5)):578-85.

[21] Births by parents’ characteristics in England and Wales - office for national
statistics. 2017. . [Internet]. ons.gov.uk. [cited 2017 Aug 23]. Available from:
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsand-
marriages/livebirths/bulletins/birthsbyparentscharacteristicsinenglandand-
wales/2015.

[22] Neighbourhood Renewal Unit. The english indices of deprivation 2004
(revised). London: Office for the Deputy Prime Minister; 2004.

[23] Mankuta DD, Leshno MM, Menasche MM, Brezis MM. Vaginal birth after
cesarean section: trial of labor or repeat cesarean section? A decision analysis.
Am ] Obstet Gynecol 2003;189(September (3)):714-9.

[24] Richter HE, Brumfield CG, Cliver SP, Burgio KL, Neely CL, Varner RE. Risk factors
associated with anal sphincter tear: a comparison of primiparous patients,
vaginal births after cesarean deliveries, and patients with previous vaginal
delivery. Am ] Obstet Gynecol 2002;187(November (5)):1194-8.

[25] National Audit Office. Maternity services in England. Nov. Available from:.
2013. https://www.nao.org.uk/wp-content/uploads/2013/11/10259-001-Ma-
ternity-Services-Book-1.pdf.

[26] Rowe R, Li Y, Knight M, Brocklehurst P, Hollowell J. Maternal and perinatal
outcomes in women planning vaginal birth after caesarean (VBAC) at home in
England: secondary analysis of the Birthplace national prospective cohort
study. BJOG 2016;123(June (7)):1123-32.

[27] Knight HE, Gurol-Urganci I, Mahmood TA, Templeton A, Richmond D, van der
Meulen JH, et al. Evaluating maternity care using national administrative
health datasets: how are statistics affected by the quality of data on method of
delivery? BMC Health Serv Res 2013;13(May (1))200 3rd ed. BioMed Central.

[28] National Institute for Care Excellence. Clinical guideline 190: intrapartum care
for healthy women and babies. [cited October 2018]. Available from:. 2017.
https://www.nice.org.uk/guidance/cg190.

[29] Royal College of Obstetricians and Gynaecologists. Green-top guideline No. 29:
third- and fourth-degree perineal tears, management. 2019.

[30] Blomberg M. Maternal body mass index and risk of obstetric anal sphincter
injury. Biomed Res Int 2014;2014:395803.

[31] Stotland NE. Obesity and pregnancy. BMJ] 2008;337:a2450.

[32] Eskandar O, Shet D. Risk factors for 3rd and 4th degree perineal tear. ] Obstet
Gynaecol 2009;29(July (2)):119-22.

[33] MacDougall M, Waugh ], Morland D. Epidural analgesia may be protective
against third and fourth degree perineal trauma. Arch Dis Child - Fetal
Neonatal Ed 2011;96(June (Suppl 1)) Fa75-5.

[34] Bartlett JW, Harel O, Carpenter JR. Asymptotically unbiased estimation of
exposure odds ratios in complete records logistic regression. Am ] Epidemiol
2015;182(October (8)):730-6.

Downloaded for Anonymous User (n/a) at Royal College of Obstetricians and Gynaecologists from ClinicalKey.com by Elsevier on
January 20, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


http://apps.who.int/iris/bitstream/10665/161442/1/WHO_RHR_15.02_eng.pdf
http://apps.who.int/iris/bitstream/10665/161442/1/WHO_RHR_15.02_eng.pdf
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0010
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0010
http://webarchive.nationalarchives.gov.uk/+/www.dh.gov.uk/en/Publicationsandstatistics/Statistics/StatisticalWorkAreas/Statisticalhealthcare/DH_4086519
http://webarchive.nationalarchives.gov.uk/+/www.dh.gov.uk/en/Publicationsandstatistics/Statistics/StatisticalWorkAreas/Statisticalhealthcare/DH_4086519
http://webarchive.nationalarchives.gov.uk/+/www.dh.gov.uk/en/Publicationsandstatistics/Statistics/StatisticalWorkAreas/Statisticalhealthcare/DH_4086519
https://www.rcog.org.uk/en/guidelines-research-services/guidelines/gtg45/
https://www.rcog.org.uk/en/guidelines-research-services/guidelines/gtg45/
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0080
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0080
http://apps.who.int/classifications/icd10/browse/2016/en
https://data.gov.uk/dataset/nhs-classifications-opcs-4
https://data.gov.uk/dataset/nhs-classifications-opcs-4
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0100
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0100
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0100
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/bulletins/birthsbyparentscharacteristicsinenglandandwales/2015
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/bulletins/birthsbyparentscharacteristicsinenglandandwales/2015
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/bulletins/birthsbyparentscharacteristicsinenglandandwales/2015
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0110
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0110
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0115
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0115
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0115
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0120
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0120
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0120
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0120
https://www.nao.org.uk/wp-content/uploads/2013/11/10259-001-Maternity-Services-Book-1.pdf
https://www.nao.org.uk/wp-content/uploads/2013/11/10259-001-Maternity-Services-Book-1.pdf
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0130
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0130
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0130
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0130
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0135
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0135
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0135
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0135
https://www.nice.org.uk/guidance/cg190
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0145
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0145
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0150
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0150
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0155
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0160
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0160
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0165
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0165
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0165
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0170
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0170
http://refhub.elsevier.com/S0301-2115(19)30071-5/sbref0170

	Risk of obstetric anal sphincter injury in women having a vaginal birth after a previous caesarean section: A population-b...
	Introduction
	Materials and methods
	Data source
	Definition of cohort
	Statistical analysis
	Ethics

	Results
	Selection of cohort
	Characteristics of cohort
	Rates of obstetric anal sphincter injury

	Comment
	Strengths and limitations

	Conclusions
	Funding
	Acknowledgements

	References


