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General introduction

PART ONE: PREGNANCY AND DELIVERY AFTER CAESAREAN SECTION

History
Surgical termination of pregnancy or delivery by operative opening of the uterus has been 
practiced for centuries. Initially it was a post-mortem procedure, with Roman priests 
performing this procedure as burial ritual, as it was forbidden to bury a pregnant woman 
before the child was extracted from the womb. Numa Pompilius, a Roman king (716-673 
BC), issued a law called The Lex Caesarea that refers to the post-mortem delivery of a 
child through incision in the abdomen. Our modern caesarean section procedure may 
have derived its name from this first legal reference.

The following centuries the caesarean section remained mainly a religious event, rather 
than a medical practice, with only incidental survival of the infant. This changed in the 
Renaissance, where the concept of caesarean section emerged as a medical procedure 
to save either mother or child, although until the 18th century, caesarean section almost 
always resulted in death of the mother. The main indication for caesarean delivery was 
complete arrest of labour, usually after intrauterine foetal death had occurred.

In the 19th century, with improvement of surgical techniques and the introduction 
of anaesthetics, antiseptic measures and superior material to close off the womb, 
mortality rates improved and safety of both mother and child became the objective of 
caesarean section. (1) Since the 20th century, caesarean section is considered to be a safe 
procedure. This diminished the threshold for the obstetrician to perform CS, resulting 
in an exponential growth of the number of CS. Today the caesarean delivery rates have 
increased to an average of 21% in developed countries and 17% in the Netherlands. (2)

State of the art
The World Health organization (WHO) stated that “a population-level caesarean section 
rate above 10–15 per cent is hardly justified from the medical perspective”, and exceeding 
this rate implicates an overuse of caesarean section without improvement of neonatal 
outcome. (3,4) 

“Who cares?” stated private obstetricians in Brazil in response to the figures of WHO. 
Well, we should. Although immediate maternal mortality of caesarean sections in well-
resourced countries is very low, it is still considerably higher than after vaginal delivery. 
Maternal adverse outcomes such as adhesion formation, surgical injury, postoperative 
infection, haemorrhage and transfusion, hysterectomy, and maternal death progressively 
increase as the number of previous caesarean deliveries increase. The long-term obstetric 
perspective after caesarean sections is poorer than after vaginal delivery, with an increased 
risk of defective placental implantation into the uterine scar in a subsequent pregnancy 
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and chance of rupture of the uterine wall during subsequent delivery. (5) Also, the health 
of children born after caesarean section might be at stake, as there are reports of a higher 
risk of obesity and asthma. (6,7)
 
Objectives
The intention of this thesis is to show how intervention by means of caesarean section 
in a first pregnancy stipulates to a great extent the provided care and way of delivery 
in a subsequent delivery. The obstetric caregiver needs to constantly weigh the risk of 
neonatal and maternal morbidity or even mortality, when continuing labour versus 
caesarean section. Caesarean section for breech, multifoetal pregnancy, elective repeat 
caesarean and the introduction of “non-indicated” caesarean section are thought to be 
the main contributors to the rise of caesarean. But of all first caesarean sections, 50 % are 
indicated by non-progression or foetal distress. (8,9)

Failure to progress caesarean section rates are highest among nulliparous women, 
have great variation and are highly affected by provider practices, thus indicating that 
reduction is feasible. Reducing the rate of first caesarean section will consequently result 
in a reduction of the repeat caesarean section rate. (10)

The main indication for overall caesarean section rates is a history of caesarean section. 
One way of preventing repeat caesarean section and lower overall caesarean section rates 
is to encourage vaginal birth after caesarean section.

The safety of trial of labour after caesarean section has been scrutinized worldwide since 
the pandemic problem of increasing caesarean section. There is a growing realization 
that of a scarred uterus increases the risk of adverse events in next pregnancies. Uterine 
rupture is the most feared complication of the scarred uterus, as this generates an acute 
life-threatening situation for mother and child. (11,12) It is the awareness of the risk of 
uterine rupture that initiated the decline in trial of labour after caesarean section, although 
the incidence of uterine rupture is low. (13) The safety of trial of labour is however difficult 
to investigate. Randomized controlled trials would generate the highest level of evidence, 
but are thought to be unfeasible because of the reluctance of women to be randomized for 
mode of delivery and the high number of inclusions to generate enough statistical power. 
(14)

The objective of this thesis is to generate insight in consequences of first birth caesarean 
section, the safety of trial of labour after caesarean section and the success rates of vaginal 
birth after caesarean section in the Netherlands.
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PART TWO: PREVENTION OF POST-SURGICAL ADHESIONS

Adhesion formation is the most common complication following abdominal and 
gynaecological surgery and the leading cause of small bowel obstruction, acquired 
infertility and inadvertent organ injury at reoperation.  Adhesions develop after 
gynaecological surgery in the pelvic cavity in almost all cases and cause significant 
morbidity. (15,16) Prevention of post-surgical adhesion formation is the only way to 
combat adhesion-related morbidity because proper medical treatment does not exist 
and surgical adhesiolysis has the drawback of adhesion reformation. Using a ‘good 
surgical technique’ is a first step in preventing adhesions by minimizing injury to serosal 
surfaces and the parietal peritoneum. But also adhesion barriers or anti-adhesive agents 
are needed because refinements in surgical techniques do not seem to be sufficient in 
reducing adhesion-related morbidity.

Aim of this thesis
The work presented in this thesis focuses on: 
• Uterine rupture after trial of labour and possibilities for sonographic evaluation of the 

caesarean scar in pregnancy to identify women at risk for uterine rupture.
• Risks of maternal and neonatal complications in pregnancies after previous caesarean 

section and comparing trial of labour with elective repeat caesarean section. 
• Strategies for prevention of post-surgical adhesion formation.

Outline of this thesis:
In Chapter 2 we investigated the value of lower uterine segment thickness measurement 
in the prediction of uterine scar defects, either complete rupture or dehiscence at birth, 
during trial of labour in women with a history of a previous caesarean section.

In chapter 3 we investigated the localisation of the uterotomy is dependent of the 
gestational age and also on the amount of dilatation. The thickness of the lower uterine 
segment tends to be thin in a laboured uterus and thick in a non-laboured uterus. The 
risk of uterine rupture in the next pregnancy depends on the healing of the uterine scar. 
Consequently healing of a scar might be dependent on the indication of the caesarean 
section. We tested this hypothesis by comparing the risk of uterine rupture in women with 
a prior caesarean section during labour or a planned caesarean section.

In chapter 4 we investigated how far to go to prevent repeat caesarean section in a trial 
of labour? This study focuses on the safety of performing an operative vaginal delivery in 
women with a history of caesarean section.



12

Chapter 1

In chapter 5 we compared the risks of adverse outcomes in women choosing for trial of 
labour, we performed a comparative analysis on a matched cohort of women having a 
trial of labour compared to women choosing elective repeat caesarean section, using the 
propensity score matching technique. 

Chapter 6 studies the consequences of the first caesarean indicated by non-progression for 
a subsequent pregnancy. We therefore investigated the mode of delivery and associated 
adverse outcomes in a low risk population of women with a history of caesarean section 
indicated by non-progression exclusively. This information is important in the counselling 
of women for their next pregnancy.

Chapter 7 and 8 deal with gynaecological surgery.

Chapter 7 studies surgical techniques that reduce adhesion formation. To do so, we 
performed a systematic review of all randomized clinical trials (RCTs) comparing surgical 
techniques in patients undergoing abdominal or pelvic surgery.

Chapter 8 studies the efficacy of polyethylene glycol (PEG) adhesion barrier after 
gynaecological laparoscopic surgery that evaluated in a randomized controlled pilot study 
and meta-analysis of existing data on PEG.
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ABSTRACT 

Objective
To evaluate the accuracy of antenatal sonographic measurement of lower uterine segment 
(LUS) thickness in the prediction of risk of uterine rupture during a trial of labor (TOL) in 
women with a previous Cesarean section (CS). 

Methods
PubMed and EMBASE were searched to identify articles published on the subject of 
sonographic LUS measurement and occurrence of a uterine defect after delivery. Four 
independent researchers performed identification of papers and data extraction. 
Selected studies were scored on methodological quality, and sensitivity and specificity 
of measurement of LUS thickness in the prediction of a uterine defect were calculated. 
We performed bivariate meta-analysis to estimate summary receiver–operating 
characteristics (sROC) curves.

Results
We included 21 studies with a total of 2776 analyzed patients. The quality of included 
studies was good, although comparison was difficult because of heterogeneity. The 
estimated sROC curves showed that measurement of LUS thickness seems promising in 
the prediction of occurrence of uterine defects (dehiscence and rupture) in the uterine wall. 
The pooled sensitivity and specificity of myometrial LUS thickness for cut-offs between 
0.6 and 2.0 mm was 0.76 (95% CI, 0.60–0.87) and 0.92 (95% CI, 0.82–0.97); cut-offs 
between 2.1 and 4.0 mm reached a sensitivity and specificity of 0.94 (95% CI, 0.81–0.98) 
and 0.64 (95% CI, 0.26–0.90). The pooled sensitivity and specificity of full LUS thickness 
for cut-offs between 2.0 and 3.0 mm was 0.61 (95% CI, 0.42–0.77) and 0.91 (95% CI, 0.80–
0.96); cut- offs between 3.1 and 5.1 mm reached a sensitivity and specificity of 0.96 (95% 
CI, 0.89–0.98) and 0.63 (95% CI, 0.30–0.87). 

Conclusions
This meta-analysis provides support for the use of antenatal LUS measurements in the 
prediction of a uterine defect during TOL. Clinical applicability should be assessed in 
prospective observational studies using a standardized method of measurement 
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INTRODUCTION 
The Cesarean birth rate is rising primarily due to the incidence of elective Cesarean sections 
(CS) which accounts for one third of CSs. Meanwhile there is a steady decrease in the rate 
of vaginal birth after Cesarean (VBAC). Combination of the rising number of women with 
a previous CS and decrease in the VBAC rate suggests an even greater increase in the CS 
rate in the future. (1)

The VBAC rate has been greatly influenced by clinical studies on the safety of a trial of 
labor (TOL) after previous CS. Initially a TOL was accepted as safe in the 1980s and early 
1990s. However, since the publication of articles questioning the safety of VBAC, there 
has been a consistent decrease in the VBAC rate. One of the greatest concerns regarding 
VBAC is the potential for uterine rupture. McMahon et al. in 1996 (2) and Lydon Rochelle et 
al. in 2001 (3) found that uterine rupture in women with a previous CS was more common 
after TOL. Nonetheless, the American College of Obstetricians and Gynecologists (ACOG) 
Committee on Obstetric Practice declared that most women with one previous Cesarean 
delivery with a low-transverse incision are candidates for and should be counseled 
regarding VBAC, and should be offered TOL. (4)

The risk of uterine rupture in laboring women with a previous CS varies between 0.2 
and 1.5% after induction of labor, compared to 0.5% in women with spontaneous labor 
after a previous CS. (2,3 ) On the other hand, there is an increased risk of placenta previa 
and accreta with every subsequent repeat CS, resulting in higher rates of peripartum 
hysterectomy. (5) Uterine rupture requires immediate surgical intervention and its 
occurrence can result in severe morbidity and mortality for infant and mother. (6,7) 
Accurate prediction of uterine rupture would therefore be extremely valuable, as it would 
allow women at low risk to proceed with a TOL, whereas women at high risk for uterine 
rupture could undergo a planned CS.

Several studies have proposed that thinning in the lower uterine segment (LUS) measured 
by ultrasonography is a predictor of uterine rupture. In 2010 Jastrow et al. conducted a 
meta-analysis of 12 articles on LUS thickness and risk of uterine scar defect and showed 
a strong association between the degree of LUS thinning and the risk of uterine defects. 
(8) However, an ideal LUS thickness cut-off value, usable in clinical practice in women with 
a scarred uterus, could not be defined. Since the publication of this meta-analysis more 
data on this topic have become available, justifying a new systematic review. The aim 
of this study was to identify an optimal LUS thickness cut-off value, defining groups of 
women with a history of previous CS to whom TOL should either not be offered or could 
be offered safely.
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METHODS
We performed an electronic search of PubMed and EMBASE for relevant articles published 
between January 1980 and December 2011, using the following keywords: pregnancy, 
lower uterine segment, Cesarean section, ultrasound and uterine defect (Appendix 1). We 
searched without language restrictions. We accepted the assistance of colleagues who 
are part of the Dutch Consortium for Studies in Women’s Health and Reproductivity, who 
helped translate articles written in their native languages, including Bulgarian, German, 
Italian and Turkish. We checked the reference lists of primary articles to identify cited 
articles not captured by electronic searches. 

We included studies that reported on pregnant women with at least one previous CS and 
on the sonographic appearance of the LUS during pregnancy in relation to uterine defects 
observed during or immediately after delivery. Only studies that allowed construction of 
two- by-two tables comparing LUS thickness measurement and the occurrence of uterine 
scar defects, defined as either uterine scar dehiscence or uterine scar rupture, were 
included. Uterine scar dehiscence was defined as loss of continuity of the myometrial layer 
without complete rupture of the LUS, also called a uterine ‘window’. Rupture was defined 
as complete separation of the uterine scar resulting in communication between the 
uterine and peritoneal cavities. Full LUS thickness was defined as the distance between 
the bladder wall and the amniotic cavity; this was measured by placing one caliper at the 
interface between urine and bladder wall and the other at the interface between amniotic 
fluid and decidual endometrium. Myometrial thickness was defined  as the minimum 
thickness overlying the amniotic cavity at the level of the uterine scar, and in this case only 
the myometrium was measured.

For each included study, data on study characteristics and test accuracy were independently 
extracted by four reviewers (B.W.M., E.P., I.C.W., N.K.) using a predesigned data extraction 
form. Disagreements regarding data extraction were resolved by discussion.

Studies were scored on methodological and clinical characteristics. For methodological 
quality assessment, we applied the Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS) tool (9) which uses predefined criteria based on elements of study design, 
conduct and analysis that relate strongly to bias, variability and quality of reporting of 
test accuracy. The QUADAS tool, which was developed by a panel of nine experts in the 
field of diagnostic accuracy, consists of 14 validated questions and does not incorporate a 
quality score.

The clinical study characteristics extracted included sonographic LUS thickness 
measurement during pregnancy (index test), definition of uterine scar defect (dehiscence 
or rupture), full or myometrial LUS measurement, transabdominal (TAS) or transvaginal 
(TVS) sonographic measurement, level of experience of ultrasound examiners, number of 
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ultrasound examiners, number of measurements, gestational age at LUS measurement, a 
priori determined threshold for LUS thickness, blinding, setting, study population, study 
design, data collection, number of participants, adverse neonatal or maternal outcome, 
VBAC success rate and prevalence of a uterine defect, either dehiscence or rupture. 

Statistical analysis 
For each study we extracted data to construct a two-by- two table, cross-classifying 
LUS thickness measured by ultrasound and the presence of LUS defect after delivery. A 
second reviewer verified all calculations with recalculation. To visualize data we plotted 
combinations of sensitivity and specificity for each study in the receiver – operating 
characteristics (ROC) space. A bivariate meta-regression model was used to calculate 
pooled estimates of sensitivity and specificity and to calculate the corresponding 
summary ROC (sROC) curve. This method has been described extensively elsewhere. (10 
– 12) Briefly, rather than using a single outcome measure per study, such as the diagnostic 
odds ratio, the bivariate model preserves the two-dimensional nature of diagnostic data 
expressed as sensitivity and specificity in a single model. The model thereby incorporates 
the correlation that may exist between sensitivity and specificity within studies due to 
possible implicit differences in cut-off values (positivity threshold) among studies.

The bivariate model uses a random effects approach for both sensitivity and specificity, 
allowing for heterogeneity beyond chance due to clinical or methodological differences 
among studies. In addition, the model acknowledges the difference in precision by which 
sensitivity and specificity have been measured in each study. This means that studies with 
a larger number of patients with a uterine defect receive more weight in the calculation 
of the pooled estimate of sensitivity, while studies with more patients without a uterine 
defect are more influential in the pooling of specificity.

Different studies reported accuracy based on different cut-off values, and some studies 
also reported accuracy for more than one cut-off. With the available data, separate sROC-
curves were calculated for full and myometrial LUS measurements. The bivariate model 
was fitted using data for all reported cut-offs in each case, thus reflecting the change in 
accuracy associated with a shift in threshold. In addition, sROC curves were estimated 
based on the reported accuracy for a limited range of cut-offs (2.0 – 3.0 mm and 3.1 – 
5.1 mm for full thickness and 0.6 – 2.0 mm and 2.1 – 4.0 mm for myometrial thickness), 
reflecting pooled estimates of sensitivity and specificity for each threshold range. 
Bivariate models were fitted using Proc NLMixed (SAS 9.3 for Windows; SAS Institute Inc, 
Cary, NC, USA). 
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Table 1. Characteristics of studies assessing the association between lower uterine segment (LUS) measurement 
and occurrence of uterine defect during trial of labor in women with a previous Cesarean section (CS)

Study Country Study 
duration 
(years)

Study 
design

Blinding Participants 
with 
analyzable 
data (n)

Sono-
graphic 
approach

LUS
measure-
ment

Reported 
outcome

Valclavinkova 
(1984)33

Sweden 03 Prosp. NR 68 NR Myometrium Thinning

Michaels 
(1988)16

USA 30 Prosp. None 58 TAS Full Thinning

Fukuda 
(1988)22

Japan 47 NR NR 84 TAS Myometrium Thinning

Fukuda
(1991)15

Japan 54 NR NR 216 TAS/TVS Myometrium Thinning

Popov
(1994)27

Bulgaria 29 Retro. None 26 TAS NR NR

Hebisch 
(1994)23

Germany NR Prosp. Single 10 TAS/TVS Myometrium Thinning

Tanik
(1996)32

Turkey 04 NR NR 50 TAS Full Thinning

Rozenberg 
(1996)14

France 57 Prosp. NR 642 TAS Full Dehiscence/
Rupture

Qureshi 
(1997)28

Japan 19 Prosp. NR 43 TVS Myometrium Dehiscence/
Rupture

Montanari 
(1999)25

Italy 28 Prosp. None 61 TVS Myometrium Dehiscence

Rozenberg 
(1999)29

France 19 Prosp. None 198 TAS Full Dehiscence

Gotoh
(2000)13

Japan 39 Prosp. Single 348 TVS Myometrium Incomplete 
rupture

Suzuki
(2000)31

Japan 30 NR NR 83 TAS Myometrium Dehiscence

Asakura 
(2000)17

Japan 41 NR Single 186 TVS Myometrium Dehiscence

Sen
(2004)30

India 11 Prosp. Double 71 TAS/TVS Full Dehiscence

Cheung 
(2004)19

Canada 07 Prosp. None 53 TAS Myometrium Dehiscence

Cheung 
(2005)20

Canada 19 NR None 102 TVS/TAS Myometrium Dehiscence

Bujold
(2009)18

Canada 25 Prosp. None 236 TAS/TVS Full/
Myometrium

Dehiscence/
Rupture

Mohammed 
(2010)26

Egypt 07 Prosp. None 100 TAS/TVS Myometrium Dehiscence

Dane
(2010)21

Turkey 07 Prosp. Single 35 TVS Myometrium Dehiscence/
Rupture

Kushtagi 
(2011)24

India NR Prosp. None 106 TAS Full Dehiscence

Only the first author of each study is given. All studies included women with at least one previous CS, except that 
by Popov which included cases with only one previous CS. NR, not reported; Prosp., prospective cohort; Retro., 
retrospective cohort; TAS, transabdominal sonography; TVS, transvaginal sonography.
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RESULTS 
Figure 1 summarizes results of the literature search. The initial search identified 147 
citations, of which 113 were excluded after screening of titles and abstracts. In the 34 
studies that were selected for further reading, 10 were excluded because of inappropriate 
reporting of outcome  and three were excluded because of inaccessibility (i.e. published 
in languages that none of our colleagues could translate). Finally we included 21 studies 
(13−33) reporting on 2776 women with analyzable data concerning LUS measurements 
and uterine defects.

Table 1 shows characteristics of the included studies, all of which were cohort studies. 
There were 14 prospective studies and one retrospective study, and six studies did not 
report whether they were prospective or retrospective. Sample sizes ranged from 10 to 
642 women (median 71; interquartile range, 149.5). Only five studies were blinded, i.e. 
sonographic findings were not conveyed to the treating obstetrician and decisions for 
repeat CS were performed because of obstetric indications only. 

Only nine studies reported fetal outcome, 
of which eight studies found no adverse 
outcome, and in one study two infants 
died. Eleven studies that reported on 
maternal outcome showed no maternal 
complications. The remaining 10 articles 
did not report adverse maternal outcome, 
apart from CS.

Gestational age at LUS measurement 
ranged from 34 to 39 weeks. Nine 
studies reported the number of 
ultrasound examiners, and only 
two studies described the level 
of experience of the ultrasound 
examiner. Myometrial thickness 
was measured in 13 studies; full LUS 
thickness was measured in six studies; 
and in one study both myometrial and 
full LUS thickness were measured. 
One study did not specify the method 
of measurement. TAS was used in 
nine studies, TVS in five and both 
techniques were used in six studies.

Figure 1.	 Flow	 chart	 showing	 literature	 identification	
and selection



24

Chapter 2

Figure 2. Summary of results of the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool for 
articles included in the present analysis ( yes,        no,         unclear)

Figure 3.	 Estimated	summary	receiver	-operating	characteristics	curves	(—)	and	pooled	sensitivity	and	specificity	
(•) of: (a) myometrial lower uterine segment (LUS) thickness measurement and (b) full LUS thickness measurement, 
for the prediction of uterine defects during a trial of labor in women with a previous Cesarean section. Rectangles 
show	the	observed	accuracy	for	each	cut-off	point	reported	in	each	study.
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The cut-off values used to define an insufficient LUS ranged from 0.5 to 3.0 mm in studies 
measuring myometrial LUS thickness and from 1.5 to 5.1 mm in those using full LUS 
thickness. Twelve articles defined their cut-off value a priori. With respect to definition 
of the outcome, six studies reported on thinning and dehiscence of the LUS, nine on 
dehiscence, four on the combination of dehiscence and rupture and one on incomplete 
rupture. One study did not provide a clear definition of LUS defect.

Figure 2 summarizes results of quality assessment of the studies. The majority of studies 
gave clear descriptions of selection criteria, methods of measurements and reference 
standards. The spectrum of patients and the clinical data used in most studies were 
representative of common practice. The weakness of most studies was the absence of 
reporting on uninterpretable test results and of blinding, making it difficult to assess bias. 

Data analysis 
The VBAC rate ((number of VBAC/number of all women with a previous CS) × 100)) varied 
from 19 to 68% in the included studies. The VBAC success rate ((number of VBACs/number 
of women undergoing a TOL) × 100)) varied from 20 to 78%.

Figure 3 shows sROC curves for the capacity of myometrial and full LUS thickness 
measurement in the prediction of uterine defects at different cut-off values. The sROC 
curve reflects the change in accuracy associated with a shift in threshold. 

Figure 4 shows sROC curves for the capacity of full LUS thickness measurement in the 
prediction of uterine defect for cut-off ranges of 2.0 – 3.0 mm and 3.1 – 5.1 mm. Full LUS 
thickness measurement using cut-offs between 2.0 and 3.0 mm reached a specificity of 
0.91 (95% CI, 0.80 – 0.96) at a sensitivity of 0.61 (95% CI, 0.42 – 0.77). Full LUS thickness 
measurement using cut-offs between 3.1 and 5.1 mm reached a specificity of 0.63 (95% CI, 
0.30–0.87) at a sensitivity of 0.96 (95% CI, 0.89–0.98). 

The accuracy of TVS and TAS could not be compared statistically because of the limited 
number of studies. We therefore cannot conclude whether TVS has a better capacity for 
predicting uterine defects than does TAS. Ideally, sufficient data would be available for 
stratification of the use of TAS and TVS and each cut-off, so that pooled estimates could 
be obtained for each combination.

DISCUSSION
In this Review we describe the value of LUS thickness measurement in the prediction of 
uterine defects, either complete rupture or dehiscence at birth, during TOL in women 
who had undergone a previous CS. The most important finding is the strong negative 
correlation between LUS thickness and risk of uterine defect. Shapes of the estimated 
sROC curves for myometrial and full LUS thickness were very similar, indicating no 
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significant difference in any of the three parameters: accuracy, shape and position. Thus, 
in our analysis of pooled data, these two methods were found to be equivalent. 

We found that a full LUS thickness cut-off of 3.1–5.1 mm and a myometrium thickness 
cut-off of 2.1 – 4.0 mm provided a strong negative predictive value for the occurrence 
of a defect during TOL. Full LUS thickness cut-off of 2.0 - 3.0 mm and a myometrium 
thickness cut-off between 0.6 and 2.0 mm provided a strong positive predictive value for 
the occurrence of a defect.

The strength of this review is our thorough search without language restrictions. We were 
able to include 21 articles that described LUS thickness in relation to the occurrence of 
a uterine defect during delivery. In 2010, Jastrow et al. conducted a meta-analysis of 12 
articles on LUS thickness and risk of uterine scar defect but could not define an ideal LUS 
thickness cut-off value usable in clinical practice (8). Although we found an additional nine 
articles, unfortunately this did not enable us to determine an ideal cut-off value. We would 
have liked to establish the accuracy of LUS thickness at the same cut-offs for all studies; 
however, we had to analyze pooled data because of different cut-offs in the different 
studies. This variation in LUS thickness cut-off values reflects the considerable amount 
of heterogeneity among studies and is one of the limitations of our study. Articles were 
retrieved if they allowed construction of two-by-two tables comparing LUS thickness 

Figure 4. Plots of estimated summary receiver -operating characteristics (sROC) curves and pooled sensitivity 
and	specificity	(sens/spec)	for	the	capacity	of:	(a)	myometrial	lower	uterine	segment	(LUS)	thickness	measurement	
for	cut-off	ranges	0.6-2.0	mm	(					,	observed	accuracy;						,	pooled	sens/spec;	—,	sROC	curve)	and	2.1-4.0	mm	(     , 
observed	accuracy;						,	pooled	sens/spec;	--,	sROC	curve)	and	(b)	full	LUS	thickness	measurement	for	cut-off	ranges	
2.0-3.0	mm	(					,	observed	accuracy;						,	pooled	sens/spec;	—,	sROC	curve)	and	3.1-5.1	mm	(					,	observed	accuracy;		
zzz,	pooled	sens/spec;	--,	sROC	curve),	in	the	prediction	of	uterine	defects	during	a	trial	of	labor	in	women	with	a	
previous Cesarean section, .....,	95%	confidence	regions	for	estimated	pooled	sens/spec.
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and occurrence of uterine defect. Fewer than half of the studies defined an a priori cut-
off value at the start of their study. Some investigators opted for the optimal cut-off, 
considering their own data, resulting in overly optimistic estimates of prognostic accuracy. 
By analyzing data using a bivariate meta-regression model we tried to incorporate the 
correlation between sensitivity and specificity due to implicit differences in cut-off value 
(positivity threshold) among studies.

Another concern in this area of research is the large number of relatively small studies 
that we identified. Small studies are inclined to overestimate the predictive capacity 
of LUS thickness in the prediction of a uterine defect, whereas larger studies generally 
tend to report less extreme results. (34) We tried to minimize any overestimation of 
predictive capacity by using the bivariate meta-regression model to calculate weighted 
pooled estimates of sensitivity and specificity according to differences in sample size and 
precision of studies. However, we could not correct for the fact that more than 75% of 
studies were not blinded, indicating that the doctors performing delivery were aware of 
the measured LUS thickness and decisions regarding repeat CS could have been based on 
these findings, alongside obstetric indications.

A further limiting factor was the variable definition of uterine defect among studies, 
ranging from thinning to complete rupture. Uterine dehiscence is known to be 
asymptomatic and the absence of clinical significance of ‘silent’ scar dehiscence has been 
mentioned by Peaceman and Sciarra (35) and by Petrikovsky. (36) Dehiscence was the 
most frequently observed primary outcome in the majority of studies. Although thinning, 
dehiscence and possibly rupture are likely to represent different expressions of a similar 
process, the real challenge in clinical practice lies in the accurate prediction of uterine 
rupture. Since this event is rare, only five of the included studies actually reported on LUS 
thickness as a predictor of uterine rupture. Another important limitation is the fact that 
the measurement of LUS thickness has not yet been standardized. There is no consensus 
among studies regarding which layer(s) of the LUS should be measured or by which route. 
Both TAS and TVS, as well as combinations of these, have been used. Sen et al. showed 
the correlation between TAS and TVS in measuring LUS thickness to be excellent 30. 
However, a more recent study showed interobserver agreement to be better when TVS 
was used. (37)

Identifying women at risk for uterine rupture remains an important challenge in obstetric 
care. Before the measurement of LUS thickness can be implemented in clinical practice, 
analytical and clinical validity and utility must be addressed. At present, we are only at 
the beginning of this process. An ideal screening test to predict uterine rupture would 
require high levels of both sensitivity and specificity (≥90%). If such a test were to become 
available, it is very likely that this would influence medical decision-making, i.e. through 
the accurate selection of women with a scarred uterus unlikely to have uterine rupture and 
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therefore suitable for a TOL, as opposed to women with a scarred uterus likely to have 
a uterine rupture and therefore suitable for repeat CS. Ultimately, it is the influence of 
implementation of a test on patient outcomes that matters.

We found a median VBAC success rate of 54%. This rate corresponds with the present 
literature, in which the reported rate of successful TOL varies from 43% to 80%, increasing 
to almost 90% after a previous vaginal birth, including VBAC. (38–40) Unfortunately, no 
studies have compared LUS thickness between women with and without previous vaginal 
births who have had a previous CS, and the appropriate cut-off value to be used in women 
with previous vaginal birth or VBAC needs to be determined. Moreover, other factors 
such as a short interval between deliveries, more than one previous CS, prior classical 
hysterotomy, treatment with uterotonic agents, postpartum fever and maternal age may 
influence the accuracy of this tool and should be further investigated. Consequently, there 
is a strong need for large cohort studies in which the result of LUS measurements is not 
disclosed to attending physicians until after the delivery. 
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ABSTRACT

Objective
To compare the difference in risks of neonatal and maternal complications, including 
uterine rupture, in a second birth following a planned caesarean section versus emergency 
caesarean section in the first birth. 

Design
Prospective cohort study. Setting Population-based cohort in the Netherlands. 

Population
Linked data set of outcomes for term caesarean section in a first birth followed by a 
consecutive delivery. 

Methods
We conducted a prospective cohort analysis using data from the Dutch Perinatal Registry. 
We included primiparous women who gave birth to term singleton infants through 
planned or emergency caesarean from January 2000 through December 2007, and who 
had a second singleton delivery during the same period (n = 41 109). Odds ratios and 
adjusted odds ratios were calculated. 

Main outcome measures
Maternal and neonatal complications, specifically uterine rupture, in second births 
associated with planned and emergency caesareans in the first birth. 

Results
Women with a history of a planned caesarean section in the first birth (n = 11 445) had 
a 0.24% risk for uterine rupture, compared with a 0.16% risk for women with a history 
of emergency caesarean section (n = 29 664; aOR 1.4, 95% CI 0.8–2.4). In multivariate 
logistic regression, women with planned caesareans in a first birth had a significantly 
increased risk of stillbirth (aOR 1.5, 95% CI 1.0–2.2) and postpartum haemorrhage (aOR 
1.1, 95% CI 1.0–1.2) in second births, compared with women with emergency caesareans 
in the first birth. 

Conclusions
We found a moderately increased risk of postpartum haemorrhage and a small to 
moderately increased risk of uterine rupture and stillbirth as a long-term effect of prior 
planned caesarean delivery on second births.
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INTRODUCTION
A planned caesarean section has become a fairly normal way of delivering a baby 
in the developed world. Because of the growing tendency to avoid risks of neonatal 
complications in cases of multiple gestation or breech presentation, and the growing 
numbers of caesarean section on maternal request, more pregnant women are choosing 
this ‘safer way of delivering’. (1) Obviously, having a scarred uterus can increase the risks 
of complications in a consecutive pregnancy. Although obstetricians know about the 
increased risk in the following pregnancies, and women are counseled about these risks, 
the number of planned caesarean sections keeps rising.

At present, it is not known what the risks are of a planned caesarean section in comparison 
with an emergency caesarean section in a consecutive pregnancy. Previous research has 
shown that women with a history of caesarean section have a higher risk of haemorrhage, 
placenta praevia, uterine rupture, stillbirth, and repeat caesarean section in the following 
pregnancies. (2) These risks, however, have not been investigated separately for previous 
planned caesarean section and emergency caesarean section. If such differences exist, 
this should be incorporated in the counselling of women regarding the next pregnancy 
and family planning.

In this study, we addressed second birth outcomes for women that have had a planned 
caesarean section or an emergency caesarean section at the first birth. The maternal 
outcomes investigated were: maternal mortality; uterine rupture; postpartum 
haemorrhage, defined as blood loss of more than 1000 ml; blood transfusion; and a 
composite of these outcomes. The neonatal outcomes investigated were: antenatal 
mortality; neonatal mortality; birth trauma; pre-term birth before 37 weeks of gestation; 
low Apgar score; and a composite of these outcomes. 

METHODS
We studied women who delivered their first and second infants between 1 January 2000 
and 31 December 2007 in the Netherlands. These data were extracted from the Dutch 
Perinatal Registry (PRN). The PRN database consists of population-based data containing 
information on pregnancies, deliveries, and neonatal (re)admissions until 28 days after 
birth. The PRN database is obtained by a validated linkage of three different registries: the 
midwifery registry (LVR1); the obstetrics registry (LVR2); and the neonatology registry 
(LNR) of hospital admissions of newborns. (3,4) The coverage of the PRN registry is 
about 96% of all deliveries in the Netherlands. The caregiver voluntarily records all data 
contained in PRN during prenatal care, delivery, and the neonatal period. The data are 
sent annually to the national registry office, where a number of consistency checks are 
conducted. (5) 



36

Chapter 3

The records included in the PRN registry are entered at the child level. There is no unique 
maternal identifier avail- able in the registry to follow-up on outcomes of subsequent 
pregnancies of the same mother. Therefore, a longitudinal probabilistic linkage procedure, 
in which we linked records of children of the same mother, was per- formed in order to 
create a mother identifier. For a more elaborate description of the methods used for this 
longitudinal linkage, we refer to the article of Schaaf et al. (6)

We excluded women who had a preterm caesarean section delivery (before 37 weeks of 
gestation) in the first pregnancy and women who had a multiple gestation in their first 
and/or second pregnancy. For this article we addressed second birth outcomes for women 
that have had a planned caesarean section or an emergency caesarean section at the first 
birth. In the PRN registry, planned caesarean section is defined as an elective caesarean 
section on the basis of obstetrical or medical indication, or at maternal request, generally 
executed prior to labour. Emergency caesarean section is defined as caesarean section 
performed during labour by necessity because of fetal distress or non-progressive labour.

We compared baseline characteristics by calculating the appropriate measure for either 
parametric or non-parametric continuous variables, and testing them using the Student’s t-test 
or Mann–Whitney U-test. Discrete variables were tested using the chi-square test (Table 1).

Our main outcomes were maternal and neonatal complications at second births 
associated with planned caesarean section and emergency caesarean section at the first 
birth. Neonatal complications consisted of neonatal mortality, stillbirth, preterm birth, 
low Apgar score, and birth trauma. Maternal complications consisted of uterine rupture, 
placental abruption, postpartum haemorrhage, and blood transfusion.

Table 1. Baseline	characteristics	of	first	pregnancy

First delivery by 
planned caesarean 
section n = 11 445

First delivery by 
emergency caesarean 
section n = 29 664

P

Maternal age* 30 (27–31) years 29 (27–32) years <0.0001

White 10 559 (92%) 26 359 (89%) <0.0001

Low socioeconomic status 2247 (20%) 6682 (23%) <0.0001

Gestational age delivery* 38 (37–39) weeks 40 (39–41) weeks <0.0001

Macrosomia (>4500 g) 183 (2%) 1494 (5%) <0.0001

Neonatal weight* 3280 (2970–3605) G 3600 (3230–3960) g <0.0001

Small for gestational age (<5th percentile) 656 (6%) 1782 (6%)  0.289

Hypertensive disorders 1592 (14%) 4955 (17%) <0.0001

Interdelivery interval* 28 (22–37) months 29 (22–38) months <0.0001

* Median and interquartile range
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Neonatal mortality was defined as death within 28 days of birth. Stillbirth was defined as 
death of the fetus before or during delivery. Low Apgar scores were defined as 10-minute 
Apgar scores below or equal to seven (AS ≤ 7). Birth trauma included all traumata that 
were reported as being caused by delivery, such as fractures, brachial plexus damage, and 
subdural or cerebral haematomas. Preterm birth was defined as birth before 37 weeks of 
gestation.

Maternal mortality was defined as the death of a woman while pregnant or within 42 days 
of termination of pregnancy from any cause related to or aggravated by the pregnancy, or 
its management, but not from accidental or incidental causes. Uterine rupture was defined 
as the complete separation of the uterine scar resulting in communication between the 
uterine and peritoneal cavities. Postpartum haemorrhage was defined as blood loss of 
more than 1000 ml during and after delivery. 

We calculated crude odds ratios (ORs) and adjusted odds ratios (aORs) using univariate and 
multivariate logistic regression in SAS 9.2 (SAS Institute Inc, Cary, NC, USA). We corrected 
for gestational age at delivery, macrosomia (birth weight > 4500 g), spontaneous start of 
labour, mode of delivery, maternal age, ethnicity, hypertensive disorders, and low social 
economic status. We calculated the odds ratio of having a uterine rupture after a trial of 
labour.

To show the robustness of our findings, we additionally performed a sensitivity analysis 
comparing emergency caesarean section with planned caesarean section for breech 
presentation (planned caesarean section breech), as those are planned caesarean sections 
by maternal choice, and thus represent a 
relatively low-risk population.
 
RESULTS
Figure 1 shows the flow diagram of our 
data extraction from the PRN. After the 
exclusion of pre-term delivery (before 
37 weeks of gestation) and multiple-
gestation pregnancies in the first and/
or second pregnancy, we divided the 
remaining women between those with 
a planned caesarean section (n = 11 
445) and those that had an emergency 
caesarean section (n = 29 664).

The baseline characteristics for the 
planned caesarean section cohort and 

Table 1. Baseline characteristics of first pregnancy

First delivery by planned

caesarean section n = 11 445

First delivery by emergency

caesarean section n = 29 664

P

Maternal age* 30 (27–31) years 29 (27–32) years <0.0001

White 10 559 (92%) 26 359 (89%) <0.0001

Low socio-economic status 2247 (20%) 6682 (23%) <0.0001

Gestational age delivery* 38 (37–39) weeks 40 (39–41) weeks <0.0001

Macrosomia (>4500 g) 183 (2%) 1494 (5%) <0.0001

Neonatal weight* 3280 (2970–3605) g 3600 (3230–3960) g <0.0001

Small for gestational age

(<5th percentile)

656 (6%) 1782 (6%) 0.289

Hypertensive disorders 1592 (14%) 4955 (17%) <0.0001

Interdelivery interval* 28 (22–37) months 29 (22–38) months <0.0001

*Median and interquartile range.

272 551 primipara
 with second pregnancy

47 272 first birth CS

46 266 singleton
 pregnancies

41 109 term singleton CS

225 279 primipara with
first vaginal birth

1006 multiple gestation
first and/or second pregnancies

5157 preterm CS

11 445 term
singleton planned CS

29 664 term
singleton emergency CS

Figure 1. Flow diagram of data extraction.

Figure 1. Flow diagram of data extraction
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Table 2. Uterine	rupture	in	second	delivery,	stratified	by	trial	of	labour	or	planned	caesarean	section

First delivery by planned caesarean section First delivery by emergency caesarean section

28 (0.24%) 46 (0.16%)

Trial of labour Planned caesarean Trial of labour Planned caesarean

26 (0.30%) 2 (0.07%) 43 (0.20%) 3 (0.04%)

Table 3. Odds	of	adverse	neonatal	outcomes	at	second	birth	among	women	whose	first	birth	was	planned	
caesarean section, compared with emergency caesarean section

First delivery by 
planned CS
(n = 11 445)

First delivery by 
emergency CS
(n = 29 664)

OR 95% 
CI

P aOR* 95% 
CI

P

n % n %

Birth trauma 32 0.3 63 0.2 1.1 0.7–1.7 0.6 1.1 0.7–1.7 0.7

Apgar score ≤ 7 311 2.7 880 3.0 0.9 0.8–1.0 0.2 0.9 0.8–1.0 0.1

Stillbirth 55 0.5 96 0.3 1.5 1.1–2.1 0.02 1.5 1.0–2.2 0.03

Neonatal death 39 0.3 78 0.3 1.3 0.9–1.9 0.2 1.4 1.0–1.3 0.01

Preterm birth 493 4.3 1140 3.8 1.1 1.0–1.3 0.03 1.1** 0.4–2.6 0.9

Composite 
neonatal outcome 

754 6.6 1892 6.4  1.0 1.0–1.1 0.4 1.0 0.9–1.1  0.6

*Adjusted odds ratio, adjusted for gestational age at delivery, macrosomia (birthweight > 4500 g), spontaneous start of 
labour, mode of delivery, and low socio-economic status
**Adjusted odds ratio, adjusted for macrosomia (birthweight > 4500 g), spontaneous start of labour, mode of delivery, 
and low socio-economic status

Table 4. Odds	of	adverse	neonatal	outcomes	at	second	birth	among	women	whose	first	birth	was	planned	
caesarean section, compared with emergency caesarean section

First delivery by 
planned CS
(n = 11 445)

First delivery by 
emergency CS
(n = 29 664)

OR 95% 
CI

P aOR* 95% 
CI

P

n % n %

Uterine rupture 28 0.2 46 0.2 1.6 1.0–2.5 0.06 1.5 0.9–2.4 0.1

Placental 
abruption 

8 0.07 12 0.04 1.7 0.7–4.2 0.2 1.9 0.8–4.7 0.2

Haemorrage > 
1000 ml 

660 5.8 1492 5.0 1.2 1.1–1.3 0.003 1.1 1.0–1.2 0.02

Blood 
transfusion 

42 0.4 96 0.3 1.1 0.8–1.6 0.5 1.2 0.8–1.7 0.4

Composite 
outcome 

692 6.0 1543 5.2 1.2 1.1–1.3 0.0007 1.1 1.0–1.3 0.006

*Adjusted odds ratio, adjusted for gestational age at delivery, macrosomia (birthweight > 4500 g), spontaneous start of 
labour, mode of delivery, and low socio-economic status
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the emergency caesarean section cohort are summarized in Table 1. The characteristics of 
the two groups differed significantly. The median maternal age in the planned caesarean 
section group was higher than in the emergency caesarean section group, whereas 
gestational age at delivery was lower in the planned caesarean section group. Women 
that have a planned caesarean section are more often white and tend to have a higher 
socioeconomic status. In the planned caesarean section group the large majority of 
caesareans were performed for malpresentation (75% for breech presentation and 3% for 
transverse position), whereas the other 22% were per- formed for various indications not 
specified in the database, including placenta praevia and maternal request.

Among our study cohort uterine rupture complicated 1.8 per 1000 deliveries at second 
births. Table 2 shows the risk of uterine rupture in the two groups. The rate of trial of 
labour differed significantly between the two groups. In the group with planned caesarean 
section for first birth, 75% of women had a trial of labour; in the group with emergency 
caesarean section for first birth, 71% of women had a trial of labour (OR 1.2, 95% CI 1.2–
1.3, P < 0.0001). Figure 2 shows the mode of delivery in the subsequent pregnancy. In the 
planned caesarean section group 83% of women having a trial of labour had a successful 
vaginal birth after caesarean delivery (VBAC). In the emergency caesarean section group 
66% of women having a trial of labour had a successful VBAC (OR 2.5, 95% CI 2.3–2.6, P 
< 0.0001). 

In the planned caesarean section group 26 out of 8593 women (0.3%) undergoing a trial of 
labour experienced a uterine rupture, compared with 43 out of 29 664 (0.2%) women that 
had an emergency caesarean section for the first birth (OR 1.6, 95% CI 1.0–2.5, P = 0.06). 
Table 3 shows the odds of adverse neonatal outcomes at second birth among women 
whose first birth was planned caesarean section, compared with emergency caesarean 
section. The incidence of stillbirth in a pregnancy following a prior caesarean delivery 

Table 2. Uterine rupture in second delivery, stratified by trial of

labour or planned caesarean section

Uterine

rupture

First delivery by

planned caesarean

section

First delivery by

emergency caesarean

section

28 (0.24%) 46 (0.16%)

Uterine

rupture

Trial of

labour

Planned

caesarean

Trial of

labour

Planned

caesarean

26 (0.30%) 2 (0.07%) 43 (0.20%) 3 (0.04%)

1st birth emergency CS
N = 29 664 

2nd birth planned CS 
N = 8504 (29%) 

2nd birth trial of labour
N = 21 160 (71%) 

2nd birth emergency SC
N = 7101 (34%) 

Vaginal birth after
caesarean

N = 14 059 (66%) 

1st birth planned CS
N = 11 445 

2nd birth planned CS
N = 2852 (25%) 

2nd birth trial of labour
N = 8593 (75%) 

2nd birth eSC
N = 1458 (17%) 

Vaginal birth after
caesarean 

N = 7135 (83%) 

Figure 2. Flow diagram for mode of delivery in a subsequent pregnancy for the planned caesarean section and emergency caesarean section

cohorts.Figure 2. Flow diagram for mode of delivery in a subsequent pregnancy for the planned caesarean section and 
emergency caesarean section cohorts
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was 3.7 per 1000. Stillbirth occurred for 4.8 per 1000 deliveries in the planned caesarean 
section group and 3.2 per 1000 deliveries in the emergency caesarean section group (aOR 
1.5, 95% CI 1.0–2.1, P = 0.03). Prematurity occurred in 43 per 1000 deliveries in the planned 
caesarean section group and in 38 per 1000 deliveries in the emergency caesarean section 
group (OR 1.1, 95% CI 1.0–1.3, P = 0.03). This difference was driven by the high prematurity 
rate among women with a planned caesarean section in the second pregnancy (planned 
caesarean section/trial of labour 3.6%, planned caesarean section/planned caesarean 
section 6.4%, emergency caesarean section/trial of labour 3.9%, emergency caesarean 
section/planned caesarean section 3.8%; Table S1). After correction for mode of delivery 
there was no significant difference between the two groups (aOR 1.1, 95% CI 0.4–2.6, 
P = 0.9). Low Apgar score, neonatal mortality, and the composite of adverse neonatal 
outcome did not differ between both groups (Table 3).

Table 4 shows the odds of adverse maternal outcomes at second birth among women 
whose first delivery was a planned caesarean section, compared with emergency 
caesarean section. Postpartum haemorrhage was reported in 58 per 1000 deliveries in 
the planned caesarean section group and 50 per 1000 deliveries in the emergency caesar- 
ean section group. Postpartum haemorrhage occurred more often after a trial of labour 
in the second pregnancy, compared with planned caesarean section in second pregnancy 
(planned caesarean section/trial of labour 3.6%, planned caesarean section/planned 
caesarean section 3.7%, emergency caesarean section/trial of labour 5.5%, emergency 
caesarean section/planned caesarean section 3.8%; Table S2). After correction for mode 
of delivery there was still a significantly increased risk for women with a previous planned 
caesarean section (aOR 1.1, 95% CI 1.0–1.2, P = 0.02). There was no significant difference 
in the number of blood transfusions between the groups (OR 1.2, 95% CI 0.8–1.7, P = 0.4). 
Maternal mortality did not occur. The composite adverse maternal outcome was 6.0% in 
the planned caesarean section group, compared with 5.2% in the emergency caesarean 
section group (aOR 1.1, 95% CI 1.0–1.3, P = 0.006).

We performed a sensitivity analysis to verify the robustness of our findings when applied 
to a low-risk population of women with a planned caesarean section by choice. Breech 
presentation is the most frequent indication for caesarean section on request in the 
Netherlands. We performed subgroup analysis to compare this group with the emergency 
caesarean section at first birth group. The analysis shows that caesarean section by 
maternal choice for the first birth still yields a higher risk for haemorrhage and composite 
maternal outcome. The sensitivity analysis is represented in Tables S3 and S4. 
In the sensitivity analysis there is still a trend towards an increased risk of stillbirth in the 
consecutive pregnancy after a planned caesarean section, although this did not reach 
statistical significance, probably because of a lack of power (aOR 1.3, 95% CI 0.8–1.9). 
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DISCUSSION 

Main findings 
We studied the course and outcome of consecutive pregnancies in women with a history 
of planned caesarean section and emergency caesarean section in first births. We found 
a moderately increased risk of postpartum haemorrhage and a small to moderately 
increased risk of uterine rupture and stillbirth as a long-term effect of prior planned 
caesarean delivery on second births.

Interpretation 
The baseline characteristics of the women having either planned caesarean section 
or emergency caesarean section reflect common practice in the Netherlands. It is 
not surprising that hypertensive disorders are over-represented in the emergency 
caesarean section group, as induction of labour is the first choice of treatment when 
women suffer from hypertensive disorders. The lower overall birth weight in the planned 
caesarean section group can be explained by the lower gestational age at delivery. In the 
Netherlands we do not yet routinely estimate fetal weight by ultrasound, and we do not 
perform planned caesarean section on expected macrosomia. This is reflected in the fact 
that macrosomia is over-represented in the emergency caesarean section group, where 
eventually emergency caesarean section is performed for non-progressive labour or fetal 
distress.

Women with a planned caesarean section for the first birth had a significantly increased 
risk of stillbirth (aOR 1.5, 95% CI 1.0–2.1). After sensitivity analysis comparing the low-risk 
planned caesarean section breech group with the emergency caesarean section group, 
we found the same effect but because of a lack of power this did not reach statistical 
significance.

The increase of stillbirth after a prior caesarean section has been reported in the literature 
before. In our study the incidence of stillbirth in a pregnancy following a prior caesarean 
delivery was 3.7 per 1000. Stillbirth occurred in 4.8 per 1000 deliveries in the planned caesarean 
section group and in 3.2 per 1000 deliveries in the emergency caesarean section group. Smith 
et al. (7) reported an absolute risk of stillbirth of 1.1 per 1000 women who had had a prior 
caesarean section, and 0.5 per 1000 in those without a history of caesarean section. Gray et al. 
(8) reported an absolute risk of stillbirth of 4.6 per 1000 women who had had a prior caesarean 
section, and 3.5 per 1000 women in those without prior caesarean section. Salihu et al. (9) 
found a disparity in the risks for stillbirth after caesarean section in black and white women. 
The stillbirth rate was 9.3 per 1000 black women and 6.8 per 1000 white women. Our results 
are in line with these prior studies. We can add our result, that women with a prior indication for 
planned caesarean section have a higher risk of stillbirth in a consecutive pregnancy, compared 
with women with a prior emergency caesarean section, to these findings.
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We found that postpartum blood loss was significantly higher in the planned caesarean 
section group, although it did not result in a higher frequency of blood transfusions. We 
found that the reported postpartum haemorrhage is higher in women having a trial of 
labour than having a planned repeat caesarean section. Our results are consistent with 
the results of Holm et al.,(10) who described that after a previous caesarean section the 
risk of blood transfusion was significantly lower in the planned caesarean section group, 
compared with an intended vaginal delivery.

Women with a history of a planned caesarean section for the first birth had an increased 
risk for uterine rupture, compared with women with a history of emergency caesarean 
section, which was on the margin of statistical significance (OR 1.6, 95% CI 1.0–2.5). 

In 2008 Algert et al. (11) reported that labour before a prior caesarean delivery can 
decrease the risk of uterine rupture: according to their data having a planned caesarean 
section was associated with a higher risk of uterine rupture in a subsequent trial of labour. 
Jastrow et al. showed that having labour before a prior caesarean section results in a 
thicker lower uterine segment in a subsequent pregnancy. It seems plausible that the 
absence of labour influences the localisation of the uterine scar and healing of the lower 
uterine segment. (12) In our study the risk of uterine rupture shows a trend towards higher 
risk in the planned caesarean section group. Although we investigated a large number 
of deliveries after caesarean section in the first birth, the reported number of uterine 
ruptures is low.

Strength 
To our knowledge we are the first to investigate the hypothesis that the absence of labour 
before performing a caesarean section can influence the maternal and neonatal outcomes 
in a consecutive pregnancy. The strength of our study is that we were able to investigate 
our hypothesis in a large cohort of women. Because of the high rate of trial of labour after 
prior caesarean section in the Netherlands, we were also able to investigate the risks of 
uterine rupture stratified for trial of labour. Sensitivity analysis confirmed the robustness 
of our findings on maternal outcomes.

Limitations 
One of the limitations of our study is the inability to adjust for unknown confounding 
factors. The maternal characteristics of the women that had a planned caesarean section 
for the first birth are different from the characteristics of women who have an emergency 
caesarean section. We could only adjust for the variables that are reported in our perinatal 
registry, whereas more detailed data such as the method of closure or experience of the 
surgeon were not available in our database.
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A second limitation is the testing for multiple neonatal and maternal outcomes. Testing 
for multiple outcomes increases the chance of type-I errors. We decided not to use the 
Bonferroni adjustment, as type-I errors cannot decrease without inflating type-II errors. 
(13)

In our hypothesis we mention the absence of labour as a risk factor. We know that some 
women go into labour before their planned caesarean section. These women might be 
misclassified. If women are indeed misclassified they will most likely be classified as 
planned caesarean section, although they have gone into labour spontaneously, and we 
cannot correct for these misclassifications. However, in our opinion and considering our 
current findings it is highly plausible that correction for these women would only make the 
association that we found stronger and not weaker.

Sensitivity analysis confirmed our findings on maternal adverse outcomes. However, it 
also suggests that the increased risks of neonatal adverse outcomes are applicable mostly 
for a subgroup of women: women having planned caesarean section for indications other 
than malpresentation. This is a subgroup that has a higher risk profile in the first, but 
also in the second, pregnancy compared with the planned caesarean section for breech 
presentation population and the emergency caesarean section population.

CONCLUSION 
We want to emphasise once again that there is an important task for obstetricians to 
reduce the number of caesarean sections in first births. Although the same applies for 
emergency caesarean section in first births, reducing the number of emergency caesarean 
sections will be more difficult because of the obstetric indications involved. Considering 
the revision of the UK National Institute for Clinical Excellence (NICE) guidelines for 2011, 
stating that women without a medical reason who do not want a vaginal birth should 
be offered a caesarean section, we feel that the risks in a following pregnancy for both 
mother and unborn child should be a more prominent topic in the counselling of women 
when requesting a planned caesarean section.

Practical recommendations 
Our study demonstrates that going into labour before a caesarean section seems to 
lower the risk of adverse maternal outcomes such as uterine rupture and postpartum 
haemorrhage in a consecutive pregnancy. Our findings support the hypothesis that a 
caesarean section with a thick uterus leads to more problems in subsequent deliveries 
than a caesarean section with a thin laboured uterus. To improve maternal and neonatal 
outcome in a subsequent pregnancy, it is of the utmost importance to encourage women to 
have a vaginal delivery or at least a trial of labour with contractions in their first pregnancy. 
Daytime planning of caesarean sections may sometimes benefit mother and child in 
cases of high obstetric risk; however, although planned delivery absolutely has logistical 
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advantages, it will mainly benefit the obstetrician and operating team, but subsequently 
will have an undesirable impact on consecutive pregnancies.

Research recommendation 
Because our database provides information that is wide but not deep, there are still a lot of 
questions that remain unanswered. It would be very informative to investigate the effects 
of timing of the caesarean section in more detail. For example, are there differences 
between emergency caesarean section performed in the first or second stage of labour 
and risks in a consecutive pregnancy? Or what influence does uterine closure technique 
have upon the risks?

The adverse effects of a prior caesarean section are becoming more evident now that 
they are being properly investigated. The mechanisms behind the adverse effects and the 
changes in doctor and patient behaviour that are necessary to decrease the number of 
caesarean sections for first births remain to be discovered. 
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Table S1. Neonatal	outcomes	second	pregnancy	stratified	by	trial	of	labour	or	planned	CS	

First delivery by planned CS First delivery by emergency CS

Trial of labour 
n=8 593

Planned CS
n=2 852

Trial of labour
n=21 160

Planned CS
n=8 504

n % n % n % n %

Birth trauma 25 0.30% 7 0.30% 56 0.30% 7 0.08%

Apgar≤7 277 3.20% 34 1.20% 761 3.60% 119 1.40%

Stillbirth 53 0.60% 2 0.07% 90 0.40% 6 0.07%

Neonatal death 35 0.40% 4 0.10% 69 0.30% 9 0.10%

Preterm birth 312 3.60% 181 6.40% 814 3.90% 326 3.80%

Composite neonatal 
outcome

550 6.40% 204 7.20% 1476 7.00% 416 4.90%

Table S2. Maternal	outcomes	second	pregnancy	stratified	by	trial	of	labour	or	planned	CS	

First delivery by planned CS First delivery by emergency CS

Trial of labour 
n=8 593

Planned CS
n=2 852

Trial of labour
n=21 160

Planned CS
n=8 504

n % n % n % n %

Uterine rupture 26 0.30% 2 0.07% 43 0.20% 3 0.04%

Placental abruption 6 0.07% 2 0.07% 10 0.05% 2 0.02%

haemorrage >1000ml 556 6.50% 104 3.70% 1172 5.50% 320 3.80%

Blood transfusion 25 0.30% 17 0.60% 71 0.30% 25 0.30%

Composite maternal 
outcome

585 6.80% 107 3.80% 1218 5.80% 325 3.80%
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Table S3. Sensitivity	analysis:	Odds	of	adverse	maternal	outcomes	at	second	birth	among	women	whose	first	
delivery was planned CS due to breech position compared to emergency CS

1st birth pCS-
breech
(n= 8 906)

1st birth eCS
(n=29 664)

N % N % OR 95% 
CI

P adj 
OR*

95% 
CI

P

Uterine rupture 22 0.24 46 0.16 1.6 1.0-2.7 0.07 1.4 0.8-2.4 0.2

Placental abruption 7 0.08 12 0.04 1.9 0.8-5.0 0.2 2.2 0.8-5.6 0.1

haemorrage >1000ml 525 5.9 1 492 5 1.2 1.1-1.3 0.001 1.1 1.0-1.2 0.03

Blood transfusion 29 0.32 96 0.32 1.1 0.7-1.5 1 1 0.7-1.6 0.9

Composite maternal 
outcome

551 6.2 1 543 5.2 1.2 1.1-1.3 0.0003 1.1 1.0-1.3 0.01

Table S4. Sensitivity	analysis:	Odds	of	adverse	neonatal	outcomes	at	second	birth	among	women	whose	first	
delivery was planned CS due to breech position compared to emergency CS

1st birth pCS-
breech
(n= 8 906)

1st birth eCS
(n=29 664)

N % N % OR 95% 
CI

P adj 
OR*

95% 
CI

P

Birth trauma 20 0.22 63 0.21 1.1 0.6-1.8 0.8 1 0.6-1.6 0.9

Apgar≤7 240 2.7 880 3 0.9 0.8-1.1 0.2 0.9 0.7-1.0 0.06

Stillbirth 37 0.42 96 0.32 1.3 0.9-1.9 0.2 1.3 0.8-1.9 0.3

Neonatal death 32 0.36 78 0.26 1.4 0.9-2.1 0.1 1.4 0.9-2.3 0.1

Preterm birth# 369 4.1 1 140 3.8 1.1 1.0-1.2 0.2 1.1 0.4-3.7 0.9

composite neonatal 
outcome

571 6.4 1 892 6.4 1 0.9-1.1 0.9 1 0.9-1.1 0.9

OR= odds ratio CI =Confidence interval *OR adjusted for gestational age at delivery, macrosomia (birth weight >4500 
grams), spontaneous start of labour, mode of delivery and low social economic status
OR*= odds ratio CI =Confidence interval *OR adjusted for macrosomia (birth weight >4500 grams), spontaneous start of 
labour, mode of delivery and low social economic status
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ABSTRACT

Objective
To compare neonatal and maternal outcomes of attempted operative vaginal delivery 
with emergency repeat cesarean in trial of labor after cesarean.

Study design
Prospective 8-year cohort analysis using the Netherlands Perinatal Registry, including 
women with one prior cesarean giving birth through operative vaginal delivery or 
emergency repeat cesarean (n = 12860). A multivariate analysis was performed. Odds 
ratios (OR) and adjusted odds ratios (aOR) were calculated. 

Results
Attempted operative vaginal delivery increases the risk on neonatal birth trauma (aOR 15.0 
(95% CI 5.94 to 38.0)) and postpartum hemorrhage (aOR 2.59 (95% CI 2.17 to 3.09)), and 
lowers the risk of wet lung syndrome (aOR 0.53 (0.35 to 0.80)) and neonatal convulsions 
(aOR 0.47 (95%CI 0.24 to 0.91)).

Conclusion
We found a highly increased risk of neonatal birth trauma and a moderately increased risk 
of postpartum hemorrhage but slightly lower risks of wet lung syndrome and neonatal 
convulsions after attempted operative vaginal delivery compared with emergency repeat 
cesarean.
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INTRODUCTION
When a woman is attempting vaginal birth after a cesarean (VBAC) and the second stage 
of labor is not progressing, there are two options. Obstetricians can decide, together with 
the woman and her partner, to perform an emergency cesarean or, if feasible, to perform 
a vacuum or forceps extraction and thus trying to achieve vaginal birth. However, there is 
a lack of evidence concerning the outcomes of repeat cesarean versus operative vaginal 
delivery during attempted VBAC. Data on outcomes could help obstetricians inform 
women in advance about the outcomes of different modes of delivery; that is, successful 
VBAC, cesarean in first or second stage or operative vaginal delivery.

We addressed the following research questions: is a history of cesarean a contraindication 
for operative vaginal delivery? What are the neonatal and maternal outcomes of 
attempting operative vaginal delivery compared with emergency repeat cesarean in these 
women? This study is a first attempt to compare the intervention of operative vaginal 
delivery with emergency repeat cesarean to obtain a general impression on the neonatal 
and maternal outcomes in these two modes of delivery after cesarean.

MATERIALS AND METHODS
We studied women who delivered for the second time between 1 January 2000 and 
31 December 2007 in the Netherlands after one previous cesarean. The data were 
extracted from the Netherlands Perinatal Registry. This registry contains information 
on pregnancies, deliveries and neonatal (re)admissions until 28 days after birth. The 
database consists of three different registries: the midwifery registry, the obstetrics 
registry and the neonatology registry. These registries are linked by a validated linkage 
procedure.1,2 All data in the Netherlands Perinatal Registry are voluntarily registered by 
the caregiver during prenatal care, delivery and the neonatal period. The data are sent 
annually to a national registry office, where a number of consistency checks are carried 
out. The Netherlands Perinatal Registry covers approximately 95% of all deliveries in the 
Netherlands.3 As the records included in the registry are entered at child level, there is no 
unique maternal identifier available to follow-up on outcomes of sub- sequent pregnancies 
of the same mother. To create a maternal identifier, a longitudinal probabilistic linkage 
procedure in which records of children of the same mother were linked was performed, 
which at the moment of our analyses was completed up until 31 December 2007. A more 
detailed description of this procedure can be read in the article of Schaaf et al.4 

Inclusion and exclusion criteria
We included women with a history of cesarean who delivered by emergency repeat 
cesarean or by operative vaginal delivery in their second pregnancy. Definition of 
emergency cesarean was a cesarean which was not elective or planned and which could 
be on maternal or fetal indication. Definition of operative vaginal delivery was delivery 
by vacuum or forceps extraction. Because the Netherlands Perinatal Registry does not 



52

Chapter 4

contain data on timing of intervention, women in the first and second stage of labor were 
included in the emergency cesarean group. Also, the Registry did not allow differentiation 
between operative vaginal delivery by vacuum or forceps extraction. We excluded 
women with a gestational age less than 37 or more than 42 weeks at the start of delivery 
in their current pregnancy, a multifetal pregnancy, a non-cephalic (breech, transverse) 
presentation or women with antepartum fetal demise. 

Study groups
We compared women who delivered by emergency repeat cesarean in first or second stage 
of delivery with women in whose case operative vaginal delivery was attempted. Women 
who delivered by emergency repeat cesarean after a failed attempted operative vaginal 
delivery were placed in the attempted operative vaginal delivery group. We did so to get 
results on the intention of the mode of delivery. As an additional analysis, we compared 
adverse outcomes in women who delivered by successful operative vaginal delivery with 
women who delivered by emergency cesarean after failed operative vaginal delivery. 

Outcomes
Our main outcomes were neonatal and maternal complications of either attempted 
operative vaginal delivery or emergency repeat cesarean. Neonatal complications 
consisted of either a 5-min Apgar score less than 7, wet lung syndrome, birth trauma, 
convulsions, meconium aspiration, death during labor and death within 28 days. Birth 
trauma was a compound variable defined as brachial plexus injury, clavicular fracture, 
humeral fracture, cephalic hematoma, intracerebral bleeding, facial nerve palsy or femoral 
fracture. Maternal complications consisted of either postpartum hemorrhage, need for 
blood transfusion, uterine rupture or mortality. Postpartum hemorrhage was defined as 
blood loss of more than 1000 ml. Maternal mortality was within 42 days after birth from 
any cause related to or aggravated by the pregnancy or its management, but not from 
accidental or incidental causes. 

Statistical analysis
Results were analyzed using Statistical Analysis Software 9.2 (SAS Institute Inc., Cary, NC, 
USA). To compare baseline characteristics (Table 1), we calculated statistical significance 
for differences in discrete measures using the chi-square test and for continuous measures 
using the t-test and Wilcoxon two-sample test. To compare outcomes, odds ratios (ORs) 
and their 95% confidence intervals (95% CI) were computed. We calculated adjusted ORs 
(aORs) using multivariate logistic regressions to correct for confounding of nonreassuring 
fetal status, the mode of first cesarean (planned), induction of labor, macrosomia, short 
interdelivery interval, ethnicity and socio-economic status. A P-value below 0.05 was 
considered to be statistically significant. 
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RESULTS
Figure 1 shows the flow diagram of data extraction of our study population from the 
Netherlands Perinatal Registry. Our cohort (n = 12 860) consisted of 5246 women in the 
attempted operative vaginal delivery group and 7614 women in the emergency repeat 
cesarean group. Operative vaginal delivery was successful in 95.8% (n=5027). Of all 
attempted operative vaginal deliveries, 4.2% (n=219) were unsuccessful and resulted in 
an emergency cesarean. These cases were included in the attempted operative vaginal 
delivery group and excluded from the emergency repeat cesarean group.

Table 1 summarizes baseline characteristics for the attempted operative vaginal 
delivery group and the emergency repeat cesarean group. Most characteristics differed 
significantly between the two groups. An interdelivery interval shorter than 1 year 
occurred more often in the emergency repeat cesarean group (0.47 versus 0.21%, P-value 
0.02). Induction of labor was more common in women with attempted operative vaginal 
delivery (48.2 versus 46.1%, P-value 0.02). Macrosomia occurred almost two times more 
often in the emergency repeat cesarean group (7.50 versus 3.70%, P-value o0.0001).

Table 2 shows neonatal and maternal 
outcomes of attempted operative vaginal 
delivery compared with emergency 
repeat cesarean. Concerning neonatal 
outcomes, the risk of birth trauma was 
higher in attempted operative vaginal 
delivery compared with emergency 
repeat cesarean (aOR 15.0, 95% CI 5.94 
to 38.0). The risk of wet lung syndrome 
was lower after attempted operative 
vaginal delivery (aOR 0.53, 95% CI 0.35 
to 0.80), as was the risk on neonatal 
convulsions (aOR 0.47, 95% CI 0.24 to 
0.91). Concerning maternal outcomes, 
postpartum hemorrhage was more 
common in women with attempted 
operative vaginal delivery (aOR 2.59, 
95% CI 2.17 to 3.09). Uterine rupture 
was reported less often in women with 
attempted operative vaginal delivery 
(aOR 0.06, 95% CI 0.02 to 0.21). 

Table 1. Baseline characteristics

aOVD (n= 5246) ERC (n= 7614) P-value

Maternal characteristics
32.2 32.0 0.02

4836 (92.2) 6642 (87.2) o0.0001
935 (17.8) 1680 (22.1) o0.0001

Mean maternal age (years)
Ethnicity – Caucasian (n (%))
Low socio-economic status (n (%))
First birth planned cesarean (n (%)) 1381 (26.3) 1238 (16.3) o0.0001

Delivery characteristics
11 (0.21) 36 (0.47) 0.02
40+2 40+3 0.07

2527 (48.2) 3513 (46.1) 0.02
194 (3.70) 571 (7.50) o0.0001

Delivery interval o1 year (n (%))
Median term (weeks)
Induction of labor (n (%))
Macrosomia (44500 g) (n (%))
Nonreassuring fetal status(n (%)) 2665 (50.8) 2879 (37.8) o0.0001

Abbreviations: aOVD, attempted operative vaginal delivery; ERC, emergency repeat cesarean.

Figure 1. Flow diagram of data extraction. aOVD, attempted
operative vaginal delivery; ERC, emergency repeat cesarean.

Figure 1. Flow diagram of data extraction. aOVD, 
attempted	 operative	 vaginal	 delivery;	 ERC,	
emergency repeat cesarean.
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Table 1. Baseline characteristics

aOVD (n = 5246) ERC (n = 7614) P-value

Maternal characteristics

Mean maternal age (years) 32.2 32.0 0.02

Ethnicity – Caucasian (n (%)) 4836 (92.2) 6642 (87.2) <0.0001

Low socio-economic status (n (%)) 935 (17.8) 1680 (22.1) <0.0001

First birth planned cesarean (n (%)) 1381 (26.3) 1238 (16.3) <0.0001

Delivery characteristics

Delivery interval <1 year (n (%)) 11 (0.21) 36 (0.47) 0.02

Median term (weeks) 40+2 40+3 0.07

Induction of labor (n (%)) 2527 (48.2)  3513 (46.1) 0.02

Macrosomia (>4500 g) (n (%)) 194 (3.70) 571 (7.50) <0.0001

Nonreassuring fetal status(n (%)) 2665 (50.8) 2879 (37.8) <0.0001

Abbreviations: aOVD, attempted operative vaginal delivery; ERC, emergency repeat cesarean.

Table 2. Neonatal and maternal outcomes

aOVD n = 5246
n (%)

ERC n = 7614
n (%)

OR (95% CI) Adjusted OR 
(95% CI)a

Neonatal outcomes

5-min Apgar o7 101 (1.93) 135 (1.77) 1.09 (0.84–1.41) 0.89 (0.68–1.16)

Wet lung syndrome 33 (0.63) 82 (1.08) 0.58 (0.39–0.87) 0.53 (0.35–0.80)

Birth trauma 50 (0.95) 5 (0.07) 14.6 (5.84–36.8) 15.0 (5.94–38.0)

Convulsions 13 (0.25) 28 (0.37) 0.67 (0.35–1.30) 0.47 (0.24–0.91)

Meconium aspiration 6 (0.11) 14 (0.18) 0.62 (0.24–1.62) 0.56 (0.21–1.47)

Death during labor 3 (0.06) 3 (0.04) 1.45 (0.29–7.20) 0.95 (0.19–4.77)

Death within 28 days 14 (0.27) 22 (0.29) 0.92 (0.47–1.81) 0.62 (0.31–1.22)

Maternal outcomes

HPP 364 (6.94) 219 (2.88) 2.52 (2.12–3.00) 2.59 (2.17–3.09)

Blood transfusion 22 (0.42) 26 (0.34) 1.23 (0.70–2.18) 1.39 (0.77–2.50)

Uterine rupture 3 (0.06)b 54 (0.71) 0.08 (0.03–0.26) 0.06 (0.02–0.21)

Maternal death 0 (0) 0 (0) N/A N/A

Abbreviations: aOVD, attempted operative vaginal delivery; CI, confidence interval; ERC, emergency repeat cesarean; 
HPP, hemorrhage postpartum, defined as >1000 ml blood loss; N/A, not applicable; OR, odds ratio. aAdjusted for 
nonreassuring fetal status, first birth planned cesarean, induction of labor, macrosomia, short delivery interval, ethnicity 
and socio-economic status. bTwo of three cases of uterine rupture in the aOVD group occurred in patients with a failed 
operative vaginal delivery who received an emergency caesarean.
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Table 3 shows adverse outcomes in successful (n = 5 027) versus failed (n = 219) operative 
vaginal delivery. Uterine rupture seemed more common in the failed operative vaginal 
delivery group (OR 46.3, 95% CI 4.18 to 512.8), but numbers were too small to calculate 
an aOR. 

DISCUSSION 
The results of our study show a highly increased risk of neonatal birth trauma after 
attempted operative vaginal delivery compared with emergency cesarean, but slightly 
lower risks of wet lung syndrome and neonatal convulsions. We find similar rates of low 
Apgar-score, meconium aspiration, death during labor and death within 28 days after 
birth. When considering maternal outcomes, postpartum hemorrhage occurs more often 
after attempted operative vaginal delivery, whereas uterine rupture is more often seen in 
women delivering by cesarean. Rates of blood transfusions were similar. Maternal death 
did not occur. The adverse outcomes in the attempted operative vaginal delivery group 
were not more common when operative vaginal delivery failed than when it succeeded.

Baseline characteristics of our two study groups differed significantly. A non-Caucasian 
ethnicity and low socioeconomic status were more common in the emergency repeat 
cesarean group. This suggests that the decision-making process might also be influenced 
by factors other than the actual course of delivery. The exploration of these factors is 
beyond the scope of this article, but it would be interesting to evaluate this prospectively. 
To the best of our knowledge, only one study on operative vaginal delivery versus cesarean 

Table 3. Adverse outcomes in successful and failed OVD

Successful OVD
n = 5027, n (%)

Failed OVD
n = 219, n (%)

OR (95% CI) Adjusted OR 
(95% CI)a

Neonatal outcomes

Wet lung syndrome 29 (0.58) 4 (1.83) 3.21 (1.12–9.20) 1.16 (0.58–2.32)

Birth trauma 47 (0.93) 3 (1.37) 1.47 (0.45–4.77) 0.74 (0.42–1.31)

Convulsions 11 (0.22) 2 (0.91) 4.20 (0.93–19.1) 3.34 (0.91–12.2)

Maternal outcomes

HPP 355 (7.06) 9 (4.11) 0.56 (0.29–1.11) 0.82 (0.66–1.02)

Uterine rupture  1 (0.02) 2 (0.91) 46.3 (4.18–512.8) N/A

Abbreviations: CI, confidence interval; HPP, hemorrhage postpartum, defined as 41000 ml blood loss; N/A, not 
applicable; OR, odds ratio; OVD, operative vaginal delivery. aAdjusted for nonreassuring fetal status, macrosomia, 
ethnicity.
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in women attempting VBAC has been published up until now, that is by Kessous et al.5 
in 2012. The researchers conducted a retrospective study including 319 patients with a 
previous cesarean and non-progression of labor in current delivery, comparing effects of 
vacuum extraction with repeat cesarean. They found no significant differences in maternal 
complications such as perineal lacerations, uterine rupture and postpartum hemorrhage. 
Concerning neonatal outcomes, the researchers found a 1-min Apgar score below 7 to 
be more common in the cesarean group, but differences were not significant in 5-min 
Apgar scores. Kessous et al. concluded that vacuum extraction does not seem to be an 
unsafe procedure when managing second stage labor disorders in patients with a previous 
cesarean. The researchers did not report any data on neonatal birth trauma. In our cohort 
the absolute chance of neonatal birth trauma after attempted operative vaginal delivery 
is approximately 1%, with a significant aOR of 15.0 in comparison to emergency repeat 
cesarean at any stage during labor. In contrast to Kessous et al.,5 we found higher rates of 
postpartum hemorrhage and uterine ruptures after attempted operative vaginal delivery. 
Possible explanations are that women with an operative vaginal delivery have more risk of 
trauma to the genital tract leading to more postpartum hemorrhage. Women receiving a 
cesarean have a lower chance of partially retained placenta causing hemorrhage, because 
the uterus can be inspected during cesarean. Explana- tion of the higher uterine rupture 
rate is the fact that during cesarean, uterine dehiscence could have been scored as uterine 
rupture leading to an overestimation of uterine ruptures. Another explanation is that an 
obstetrician performs a cesarean rather than an operative vaginal delivery when a uterine 
rupture is suspected. 

Studies on operative vaginal delivery versus cesarean in women with no history of cesarean 
are more numerous. In 2003, a cohort of 393 women in the United Kingdom was analyzed. 
They either underwent an operative vaginal delivery in theater (n = 184) or a cesarean 
(n = 102) at full dilatation (leaving out women with a cesarean after failed attempted 
operative vaginal delivery).6 Results showed that neonatal trauma (defined as bruising, 
scalp and facial lacerations, cephalic hematoma, cerebral hemorrhage and brachial plexus 
injury) was more common in women with operative vaginal delivery (OR 13.90, 95% CI 
3.28 to 58.8). This is consistent with our findings and suggests that an operative vaginal 
delivery in women attempting VBAC should be considered as a difficult operative vaginal 
delivery. In 2010, a prospective analysis of Contag et al.7 of 5341 laboring nulliparous 
women showed that operative delivery does not result in increased adverse neonatal 
outcomes. Outcomes reported in their study were Apgar score, pH, base excess, brachial 
plexus injury, seizures and stay on neonatal intensive care unit. Although this study was 
underpowered for detection of differences in brachial plexus injury or seizures, the authors 
conclude that the primary delivery method does not appear to affect the incidence of 
neonatal asphyxia in nulliparous women. In 2012, Walsh and colleagues8 conducted a 
cohort study of 64 555 term neonates reaching the second stage of labor. They used the 
same ‘intention-to-deliver’ method as was used in this study. A total of 10 933 neonates 
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were born by attempted operative vaginal delivery and 509 by cesarean. The researchers 
compared rates of peripartum neonatal mortality and neonatal encephalopathy, and 
found no significant differences between the two groups. In contrast to Contag et al.7 and 
Walsh et al.,8 we found a slightly higher rate of convulsions in the emergency cesarean 
group, possibly indicating more neonatal encephalopathy after cesarean. 

VBAC-rates differ widely across the industrialized world, varying from 9% in the USA to 
55% in the Netherlands in 2004.9 In our cohort, 77% of women with a history of cesarean 
underwent trial of labor. This high percentage as compared with other countries makes 
the Dutch cohort suitable to investigate a research question as ours. We believe one can 
generalize the results to other countries with comparable methods and techniques of 
performing a cesarean or operative vaginal delivery, as well as patient characteristics. 

Strengths and limitations
The data were collected from a database with a confined set of items. We encountered 
three disadvantages. Firstly, we were not able to score all items we would ideally like to 
include in our analysis, such as umbilical artery pH and admission to neonatal intensive 
care unit. This is a significant weakness. Also, the skill level of the operator performing 
the cesarean or the operative vaginal delivery was not scored. We do not know whether 
the skill level may have determined the choice for one or the other procedure. On the 
other hand, given the relatively high number of vacuum extractions, we may assume that 
obstetricians have ample experience with both cesarean and vacuum deliveries. 

Secondly, as already mentioned above, overestimation as well as underestimation of 
events is plausible because of the possibility that items are not scored at all or have been 
scored wrongly. For example, blood transfusion occurring 3 days post delivery can have 
been discarded leading to underestimation of blood trans- fusion rates. Thirdly, and most 
importantly, we were not able to divide our cesarean group in first-stage and second-
stage labor disorders, as timing and reason of intervention were not mandatory items in 
the database. We can hypothesize that the inclusion of first-stage emergency cesarean 
has decreased the effects on maternal outcomes, because cesareans in the second stage 
of labor are more prone to maternal complications.10,11 The presence of first-stage 
cesareans in our analyses might have led to an increased association of birth trauma in 
attempted operative vaginal delivery. During a second-stage cesarean, the develop- ment 
of a caput can be more complicated because of advanced descent in the pelvis, leading to a 
higher risk of birth trauma; the same problem we encountered with dividing the operative 
vaginal delivery group into vacuum-assisted deliveries and forceps-assisted deliveries. 
Because we were not able to analyze them separately, we were not able to report on 
vacuum-specific adverse outcomes or forceps-specific adverse outcomes.
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The strength of our study is the fact that we were able to investigate a large subgroup 
of women that is difficult to include in a randomized controlled trial. Besides the ethical 
challenges of counselling and including women for such a trial, powering will be an 
enormous task. Looking closely at available data, as we did in the current study, might be 
the only way to investigate research questions as ours. Our data report on the absolute 
risks per treatment option. Our results can be helpful for counselling women about the 
chances on adverse events when her VBAC results in a cesarean or an attempted operative 
vaginal delivery. 

CONCLUSION
In the current European and American legislation, a delivering woman should give her 
permission for any obstetric intervention after being properly counselled by the caregiver. 
Counselling should include mentioning the risks for the mother and her newborn. The 
practical recommendation of our results implies that women should be counselled about 
the 1% risk of neonatal birth trauma and almost 7% risk of postpartum hemorrhage after 
attempted operative vaginal delivery. We realize that including these risks in counselling 
might increase the rate of repeat cesarean. We believe these risks should be placed into 
perspective by taking the decreased risks on wet lung syndrome and convulsions after 
attempted operative vaginal delivery into account. We suggest that attempting operative 
vaginal delivery in trial of labor after cesarean should be considered as a difficult operative 
vaginal delivery.

To counsel women and their partners more accurately in their choice for a VBAC, more 
knowledge about the long-term effects of a previous cesarean on a subsequent pregnancy 
and attempt for (operative) vaginal delivery is needed. 
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ABSTRACT

Objective
To determine neonatal and short term maternal outcomes according to intentional mode 
of delivery following a caesarean delivery (CD) 

Study design
Women pregnant after CD between January 2000 and December 2007 were categorized 
according to whether they had an elective CD (ERCD) or a Trial of Labour (TOL). 
Prognostically equal ERCD and TOL groups were created using the propensity score 
matching technique. Conditional logistic regression was performed to asses differences in 
neonatal and maternal outcomes.

Population
Women in their second ongoing pregnancy with a history of CD 

Results
After ERCD the rates of low 5 minutes Apgar score (OR 0.3, 95%CI 0.2-0.5, p<0.001), 
meconium aspiration (OR 0.0, 95%CI 0-0.7, p=0.02) and birth trauma (OR 0.08, 95%CI 
0.002-0.5, p<0.001) were lower compared to TOL. The rate of infant respiratory distress 
syndrome appears higher in the ERCD group (OR 1.7, 95%CI 1.0-2.8 p=0.04). Uterine 
rupture (OR 0.1, 95%CI 0.003-0.8 p=0.02) and hemorrhage (OR 0.6, 95% CI 0.5-0.8 
p<0.001) occurred less in the ERCD group.

Conclusion
Neonatal and short term maternal morbidity appears to be lower after ERCD than after 
TOL. Only infant respiratory distress syndrome was seen more often after ERCD.

Key words
elective repeat caesarean delivery (ERCD);
vaginal birth after caesarean delivery (VBAC);
trial of labor( TOL);
propensity score matching; 
adverse neonatal outcomes
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INTRODUCTION
The increase of caesarean delivery (CD) worldwide has initiated researchers to analyze 
the safety of trial of labor after CD (TOL). An international multi-centered randomized 
controlled trial comparing VBAC with elective repeat CD (ERCD) would be the optimal 
strategy for minimizing the research gap concerning safety of trial of labor after CD 
(TOL). In 2012 Crowther et al performed a small nested randomized trial to compare 
benefits and risks of a planned ERCD with planned TOL. Women were assigned by patient 
preference or randomization Only 22 women (1% of the total cohort 2 323 women) were 
willing to be randomized. The authors concluded that planned ERCD was associated with 
a lower risk of fetal and infant death or serious infant outcome, without increase of major 
maternal complications. Furthermore they concluded that performing a randomized trial 
to compare ERCD with TOL is difficult due to the need of large sample size for adequate 
powering and the reluctance of pregnant women to be randomized for mode of delivery. 
(1) In the absence of randomized trials, analyzing observational data on TOL compared 
to ERCD has become the substitute “gold standard” in this field of interest. We used the 
propensity score matching technique to generate comparable ERCD and TOL groups. 
Thereby minimizing potential bias by balancing covariates. The Netherlands, a small but 
densely populated developed country in Europe, has a relatively low CD rate (15%: 6,7% 
elective CS and 8.3% emergency CS) and a high rate of TOL, approximately 73% with an 
overall success rate of 77%, an ideal setting for conducting a large cohort study on the 
safety of TOL. (2,3) The Netherlands Perinatal Registry (PRN) provided us with a large 
database to examine the safety of TOL.

In this study we want to examine adverse maternal and neonatal outcomes of the matched 
cohort stratified by approach to delivery. We want to provide insight on the safety of TOL 
in the Netherlands and verify the robustness and clinical importance of previous findings 
on the safety of TOL.

METHODS

Study design
We conducted a prospective cohort study of women with a history of first birth CD that 
delivered their first and second infant between January 2000 and December 2007. We 
divided our cohort in two groups, ERCD or TOL, according to intention of delivery in the 
second pregnancy. Subsequently, we created prognostically similar groups by propensity 
score matching and analyzed maternal and neonatal outcomes of these two matched 
groups. Propensity score matching is used to analyze observational data and was first 
described by Rosenbaum and Rubin. Propensity score methodology can estimate the effect 
of a binary exposure on an outcome in the presence of confounding by indication. (4,5)
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Inclusion and exclusion criteria
Our analysis included women with a live, term singleton with cephalic presentation that 
had an ERCD or a spontaneous TOL after a term CD. Term was defined as beyond 36 
weeks 6 days of gestation. An ERCD was defined as a scheduled CD beyond 39 weeks of 
gestation without signs of labor. Pregnancies complicated by congenital abnormalities, 
CD prior to 39 weeks of gestation and women having induction of labor were not included 
in our analysis to ensure that women undergoing ERCD or TOL had no additional 
obstetrical indication for the intended mode of delivery. By excluding these women we 
lowered the chance of misclassification and we ensured our cohort being a low risk cohort. 
Furthermore labor induction has been associated with a lower probability of success and a 
higher probability of uterine rupture. (6)

Data collection
We collected our data from a prospective population-based cohort. Data were collected 
in a database by the Netherlands Perinatal Registry (PRN), containing information on 
pregnancies, deliveries and neonatal (re-)admissions until 28 days after birth. The PRN 
database is a national database that contains linked maternal and neonatal data entered 
by midwives,obstetric care givers and pediatricians. The coverage of the PRN registry is 
about 96% of all deliveries in the Netherlands. The records included in the PRN registry are 
entered at the child’s level. There is no unique maternal identifier available in the registry 
to follow-up on outcomes of subsequent pregnancies of the same mother. Therefore a 
longitudinal probabilistic linkage procedure in which we linked records of children of the 
same mother was performed in order to create a mother identifier. (7) Permission for use 
of registry data was given by the Netherlands Perinatal Registry, (registration number 
12.02). For a more elaborate description of the methods used for this longitudinal linkage, 
we refer to the article of Schaaf et al 2011. (8)

Outcome measures
Adverse neonatal outcomes were low Apgar score (<7 after 5 minutes), birth trauma 
(intracerebral bleeding, cephalic hematoma, brachial plexus lesions or facial nerve 
lesions), meconium aspiration, infant respiratory distress syndrome (IRDS) and perinatal 
death within 28 days after birth and a composite of these adverse outcomes. 

Adverse maternal outcomes were defined as maternal death, hemorrhage more than 1000 
ml, blood transfusion, uterine rupture defined as uterine muscle separation or tear of the 
uterine muscle with involvement of adjacent structures or placental abruption. Composite 
maternal outcome was defined as a composite of the above mentioned adverse outcomes. 
The emergency CD rate in the TOL group was assessed separately.
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Analysis
Propensity score matched pairs analysis was used to create maximally balanced groups. 
This statistical method was introduced by Rosenbaum and Rubin and is extensively 
described in numerous articles and textbooks. (3)(4) The essential method consists of 
a single variable: the propensity score, representing the probability of a woman to be 
treated (in this article to undergo ERCD) on the condition of individual baseline covariates. 
The propensity score variable is thereafter used to match patients in the ERCD group with 
patients in the TOL group that have similar probability of being treated (to undergo ERCD). 
The propensity scores were generated by logistic regression, based on all available and 
relevant baseline covariates that were known from the 1st pregnancy and those that 
existed before delivery in the 2nd pregnancy, these are listed in table 1. Propensity scores 
were based on the ERCD group to ensure as many matches as possible since the number 
of patients in this group was less than that in the TOL group. All covariates were included 
in the logistic regression without a stepwise procedure. Since propensity scores cannot be 
calculated if one of the variables is missing, cases with missing data were excluded. One-
to-one nearest neighbor matching without replacement was conducted. After matching 
on propensity scores, the standardized difference was used to assess the balance of the 
covariates after matching because it is a property of the sample and does not depend on 
the size of the sample. Significance testing is inappropriate since apparent improvement 
may be due to the reduced ample size and reduced statistical power. An arbitrary 10% 
difference was considered indicative for insufficient matching. (9)

For the matched cohort, outcomes were compared with the use of the Mc Nemar’s test, 
and odds ratios and 95% CIs were generated with the use of conditional logistic regression.
Statistical analysis was conducted with SPSS version 21 for Macintosh. Propensity score 
calculation and matching were performed in R for Windows and for Macintosh (R version 
3.1.2 (2014-10-31) Copyright (C) 2014, The R Foundation for Statistical Computing; 
Vienna, Austria) and the R Matching library (http://www.r-project.org/). (10) A 2-tailed 
nominal probability value of < .05 was considered to indicate statistical significance.. 

RESULTS
From the linked cohort based on the PRN registry, 35,342 women with a live, singleton, 
term and vertex gestation that had an ERCD or a spontaneous TOL after a term CD. were 
available. (Figure 1) Of these, 1,221 women with pregnancies complicated by aneuploidy 
or congenital malformations were excluded. An additional 3,751 women had an ERCD 
before 39 weeks of gestation and 10,803 women underwent induction of labor. Finally, 
we included 15,358 women in the TOL group and 4,209 women in the ERCD group. To 
generate the propensity scores for the probability of having an ERCD, the 20 patient 
variables (Table 1) were used. This resulted in 19,545 women (55% of the original cohort) 
available for further analysis because those with missing data for any variable were 
excluded from the logistic regression. Eventually, the ERCD group consisted of 4,203 
women and the TOL group consisted of women 15,342.
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In the unmatched TOL cohort n=11 403 women (74% of 15 342) had a successful VBAC.
Table 1 shows the baseline characteristics and the standardized difference for all 20 
variables. These variables are unequally distributed among the two groups, reflected by 
an absolute standardized difference of 10 or more percent in one third of the baseline 
variables. We assessed the 20 patient variables of the groups and calculated propensity 
scores for the probability of women receiving an ERCD.

TOL or ERCD after
prior term CS, >36+6 weeks
live, singleton, vertex
n = 35 342

chromosomal abnormalities 
congenital malformations
n = 1 221 

TOL n = 26 161 ERCD n = 7 960

ERCD <39 weeks
n = 3 751

Induced labour
n = 10 803

TOL meeting
inclusion criteria 
n = 15 358

ERCD meeting 
inclusion criteria
n = 4 209

exclusion missing data 
n = 22

TOL  unmatched cohort
n = 15 342

ERCD unmatched cohort
n = 4 203

Failed TOL
n =  3 939 (25,7%)

Succesful TOL
n =11 403 (74,3%) 

Figure 1: Flowdiagram

TOL =Trail of labor
ERCD =Elective repeat CD

Figure 1. Flowdiagram
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Table 1. Baseline characteristics of the unmatched cohort

ERCD
n=4203 (%)

TOL 
n=15342 (%)

Standardized difference (%)
Before matching

Caucasian 3661 (87.1) 13671(89.1) 6.0 ª

Low Social economic status 
(SES)

905 (21.5) 3 413 (22.2) -1.7

1st	Pregnancy

In Vitro Fertilisation 46 (1.1) 139 (0.9) 1.4

**Age 29.7 (4.2) 29.3 (3.9) 9.6 ª

Non gestational diabetes 22 (0.5) 20 (0.1) 5.4 ª

Preexisting hypertensive 
disorders

31 (0.7) 63 (0.4) 3.8 ª

Pregnancy induced 
hypertensive disorder

802 (19.1) 2 443 (15.9) 8.0 ª

Spontaneous labor 870 (20.7) 4745 (30.9) 6.5ª

Malpresentation 470 (11.2) 6 122 (39.9) 91.1ª

Elective CS 745 (17.7) 4 178 (27.2) 24.9ª

**Gestational age 40.2 (1.4) 39.5 (1.4) 53.8ª

**Birthweight (gr) 3729 (562.2) 3471 (535.5) 45.9ª

*Apgar 5 min) 10 (9-10) 10(9-10) -10ª

Male gender 2 353 (56) 8 305 (54.1) 3.7

Hemorrhage > 1000ml 153 (3.6) 435 (2.8) 4.3

Transfusion 39 (0.9) 86 (0.6) 3.8

2nd	Pregnancy

Pregnancy interval less than 
15 months

125 (3.0) 497 (3.2) -1.5

In Vitro fertilisation 28 (0.7) 94 (0.6) -18ª

**Age (years) 32.4(4.1) 31.8 (3.9) 12.1ª

**Gestational age (weeks) 39.8(1.0) 39.6(1.1) 13.2ª

* median and IQR
** mean and SD
ª P<0.0001
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Figure 2 plots the distribution of the propensity scores in the 2 groups. Overall, as a 
function of baseline characteristics, the ERCD group (solid line) had a higher probability 
of receiving an ERCD (dashed line), as indicated by a median propensity score of 0.31 (Min 
0.01 IQR 0.22 -0.40, Max. 0.88) compared to a median propensity score of 0.17 (Min 0.0 
IQR 0.07-0.29 Max 0.82; p<0.001) (Mann Whitney U test)

To be able to find matches between patients of the two groups, overlap in propensity 
scores is compulsory. Figure 2 demonstrates the differences in distribution in propensity 
scores between the two groups, but also the overlap, indicating that one on one matching 
without replacement is possible. This matching process resulted in the creation of 4109 
matched pairs of ERCD and TOL patients. Figure 3 displays the distributions of the 2 
matched groups’ propensity scores and reveals a high degree of similarity of shape 
between the 2 groups, in contrast to the distributions illustrated in Figure 2.

The resulting improved covariate balance in the PS-matched cohorts is reflected in 
the small standardized differences of the baseline characteristics, all below 10 percent. 
(Table 2).

In the matched TOL cohort n=1,415 (34.4% of 4109) had an emergency CS. The 65.6% 
of successful TOL in the matched cohort is lower than the 74% successful TOL in the 
unmatched cohort.

We found hemorrhage more than 1000 ml to occur less often in the ERCD group compared 
to the TOL group (3.4% vs 5.3, OR 0.6; 95% CI 0.5-0.7, P<0.0001). Uterine rupture occurred 
in one case (0,02%) of the ERCD group compared to nine cases (0,2%) of the TOL group 
(OR 0.11; 95% CI 0.0-0.8, P=0.02). Composite adverse maternal outcome occurred in 
n=140 (3.4%) of the ERCD group compared to n=225 (5.5%) of the TOL group. Maternal 
blood transfusion and placental abruption were not significantly different between the 
groups. Maternal deaths did not occur in either two groups.

Five minutes Apgar score below 7 occurred less often in the ERCD group compared to 
the TOL group (0.8% vs 2.5, OR 0.3; 95% CI 0.2-0.5, p<0.001). The absolute number of 
reported birth trauma (n=14) and meconium aspiration (n=7) was low, but these adverse 
outcomes occurred significantly less in the ERCD group compared to the TOL group 
(0.02% vs 0.3% OR 0.08; 95% CI 0.0-0.5, P=0.002 and 0.0% vs 0.2% OR 0.0 95% CI 0.0-
0.7, P=0.02 respectively). IRDS occurred in n=45 (1.1%) in the ERCD group compared to 
n=27 (0.7%) in the TOL group (OR 1.7; 95% CI 1.0-2.8, P=0.04). Infection rates (0.2%) were 
not significantly different between the two groups. Composite adverse outcome occurred 
in n=87 (2.1%) of the ERCD group compared to n=141 (3.4%) of the neonates of the TOL 
group (OR 0.6; 95% CI 0.5-0.8, p<0.001).
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Table 2. Baseline characteristics of the matched cohort

ERCD
n=4109 (%)

TOL 
n=4109 (%)

Standardized difference (%)
Before matching

Caucasian 3579 (87.1) 3579 (87.1) -0.4

Low Social economic status 
(SES)

886 (21.6) 901 (21.9) 1.5

1st	Pregnancy

In Vitro Fertilisation 46(1.1) 37(0.9) -1.8

*Age 29.7(4.2) 29.7(4.0) -0.3

Non gestational diabetes 15 (0.4) 18 (0.4) -1.3

Preexisting hypertensive 
disorders

29 (0.7) 29 (0.7) 0

Pregnancy induced 
hypertensive disorder

771 (18.8) 792 (19.3) -1.0

Spontaneous labour 870 (21.2) 916 (22.3) 0.06

Malpresentation 470 (11.4) 490 (11.9) 1.3

Elective CS 674 (16.4) 702 (17.1) -0.3

*Gestational age 40.3 (1.3) 40.3 (1.4) -1.1

**Birthweight (gr) 3713.9 (553.9) 3711.5 (536.9) 0.8

*Apgar 10 (9-10) 10 (9-10) 0.8

Male gender 2295 (55.9) 2276 (55.4) -1.5

Hemorrhage > 1000ml 151 (3.7) 155 (3.8) 0.6

Transfusion 38 (0.9) 37 (0.9) -0.3

2nd	Pregnancy

Pregnancy interval less than 
15 months

123 (3) 114 (2.8) 1.9

In Vitro Fertilisation 28 (0.7) 28 (0.7) 0.3

**Age (years) 32.4 (4.1) 32.4 (4.0) -1.0

**Gestational age (weeks) 39.8 (1.0) 39.8(1.1) -0.8

*median and IQR
** mean and SD
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Table 3. Outcome

ERCD n=4109
n (%)

TOL n=4109
n (%)

P Conditional Odds ratio 
(95% CI)

Maternal

Hemorrhage > 1000ml 138(3.4) 217 (5.3) <0.001 0.6 (0.5-0.7)

Transfusion 15(0.4) 16(0.4) 1.0 0.9 (0.4-2.2)

Uterine rupture 1(0.02) 9 ( 0.2) 0.02 0.1 (0.003-0.8)

Placental abruption 0 (0.0) 1 (0.0) 1.0 1.0 (0.0-39)

Composite * 140 (3.4) 225 (5.5) <0.001 0.6 (0.5-0.8)

Neonatal

5 minuten Apgar below 7 34 (0.8) 101(2.5) <0.001 0.3 (0.2-0.5)

Perinatal death 1(0.02) 5 (0.1) 0.2 0.2 (0.004-1.8)

Birth trauma** 1(0.02) 13 (0.3) 0.002 0.08 (0.002-0.5)

Meconium aspiration 0 (0.0) 7 (0.2) 0.02 0 (0.0-0.7)

Infant respiratory 
distress syndrome

45 (1.1) 27 (0.7) 0.04 1.7 (1.0-2.8)

Infection 7 (0.2) 10 (0.2) 0.6 0.7 (0.2-2.0)

Composite*** 87 (2.1) 141 (3.4)   <0.001 0.6 (0.5-0.8)

* Hemorrhage, transfusion, uterine rupture and placental abruption
** Intracerebral bleeding, cephalic haematoma, brachial plexus leasions and facialis nerve laesions
*** Perinatal death, birth trauma, low apgar, meconium aspiration, wet lung and infection
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DISCUSSION
In this study we investigated the safety of VBAC after spontaneous start of labour 
compared to ERCD after 39 weeks in women with a history of a term CD after balancing 
covariates by propensity score matching. In the unmatched cohort, 74% of the women 
having a TOL succeeds to deliver vaginally. This rate is lower after matching (65.6%) 
because covariate distribution in the TOL cohort has been adjusted in order to match the 
ERCD cohort. For example, after matching, the TOL women have higher first delivery 
gestational age and birthweight, compared to the TOL cohort before matching. After 
matching, the characteristic are almost equal to the ERCD cohort.  The necessity for 
balancing covariates is reflected by this change in outcome(9). 

After balancing covariates by propensity score matching, we found short term maternal 
and neonatal outcomes such as uterine rupture, hemorrhage, low 5 minute apgar score, 
birth trauma and meconium aspiration to occur more often in the group attempting a TOL 
compared to ERCD. IRDS occurred more often in the ERCD group. The overall number of 
adverse maternal and neonatal outcomes were low.

Comparison other studies
Gilbert et al (11) performed a similar study, but also included multiparous women with  
prior vaginal deliveries. They found a VBAC success rate in their matched cohort of 68.1%. 
In our matched cohort the VBAC success rate was 65.6%. They found maternal composite 
morbidity to be 33% lower in the ERCD group (OR 0.67; 95% confidence interval [CI], 0.53– 
0.83); the odds of major maternal morbidity were 65% lower (odds ratio, 0.35; 95% CI, 0.20 
– 0.62). The neonatal composite adverse outcome was lower in the ERCD group by 33% 
(odds ratio, 0.67; 95% CI, 0.55– 0.80). Our results are in complete agreement, although 
our primary outcomes differed.

The rate of uterine rupture in our cohort was low (0.2%), 9 cases were reported in the TOL 
group and 1 in the ERCD group. Gilbert et al had 31 cases (0.8%) of uterine rupture in their 
matched cohort of 3981 women, all these cases occurred in the TOL group.

Holm et al found that the highest transfusion rate (3.23%) was seen for intended vaginal 
delivery after a previous CD. Following a previous CD, the risk of red blood cell transfusion 
was significantly lower in the planned CD group compared with an intended vaginal 
delivery (OR 0.67; 95% CI 0.56–0.79; P < 0.001). Our rates of hemorrhage were 3.4% in 
the ERCD and  5.2% for TOL, we did not find significant difference between the two cohort 
in transfusion rates. (12)

Interpretation 
The results of this analysis are applicable for the comparison of the outcomes of a 
spontaneous TOL and an ERCD after 39 weeks in women without a history of vaginal 
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birth. Some women will require a labor induction, for these women risks might be higher 
than reflected in our data, since induction of labor is associated with higher rates of failed 
TOL and uterine rupture. The contrary is applicable for women with a history of CD and a 
previous vaginal birth. Risk may be lower since the rate of successful TOL are higher after 
previous vaginal birth. (6,13)

Strengths and Limitations
We explored the available data thoroughly, adjusting for possible confounders by using 
propensity score matching to make comparison as appropriate as possible. In comparison 
to Gilbert et al, we only included women with a first birth caesarean, and analyzed the 
subsequent ongoing pregnancy. This way our study reflects the risks of TOL without prior 
vaginal birth, all women in our study were nulliparous for vaginal delivery.

We were only able to asses the short term outcomes, and did not take in account the 
duration of hospitalization, amount of wound infection/endometritis, thrombotic events, 
need for postpartum pain medication and recovery period. It could very well be that the 
long term effects especially maternal outcomes will be in favor of the TOL in the end. We 
only reported on the short term effects, being the risk of the first repeat caesarean. We 
need to further investigate the long term effects of the ERCD and where the nadir lies in 
case women have a wish of more than two children.

Outcomes like uterine rupture, hysterectomy and blood transfusion are probably 
underreported in our database, leading to an underestimation of the effect. The baseline 
characteristics are lacking some of the obvious variables such as maternal BMI and 
smoking because entry of these variables is not obligatory and therefore mainly missing. 
Unreliable data entry, especially concerning the rare outcomes makes it impossible to 
draw conclusions despite the large national database.

CONCLUSION
For women with a first birth CS, ERCD seems to be a safe option for the subsequent 
pregnancy. Attempting a TOL after spontaneous labor incorporates slightly more 
maternal and neonatal risks, but the adverse events are mainly short term effects and 
might not always outweigh the 74% chance of successful TOL. Leaving us with the 
remaining question; when do we think VBAC is safe (enough). What number needed to 
treat do we and our patients accept. In clinical practice the patient preference is becoming 
increasingly important in choosing between ERCD and VBAC. Patient preference studies 
should be conducted to evaluate and optimize our way of counseling. Further longitudinal 
studies should be performed to look at the long term effects on maternal and neonatal 
outcomes of having one or multiple ERCD’s. Finding a way to lower first birth CD rates will 
be the real solution of the VBAC safety issue.
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ABSTRACT

Objective
To estimated the risks of maternal and neonatal complications in a pregnancy after a first 
delivery Caesarean Section (CS) for non-progressive labour in a low risk population and to 
compare these to a first vaginal delivery.

Study design
Prospective national cohort study using the Dutch Perinatal Registry. 

Population
We analyzed data of 169,792 women with a first and second delivery from 2000-2007 the total 
cohort consisted of 15,045 women with a history of first delivery CS due to non-progressive 
labour (CS cohort) and 154,747 women with a first birth vaginal delivery (VD cohort).

Results
In the CS cohort, 31% of the women delivered their second infant by elective CS, 45% 
had a vaginal delivery and 24% had an emergency CS. In the VD cohort, 95% delivered 
again vaginally, 3% had an elective CS and 2% had an emergency CS. We found significant 
more uterine rupture (0.1% vs 0.006% P<0.0001) and blood transfusions (0.29% vs 0.14% 
P=0.02) after prior CS compared to prior VD. Perinatal death rates were lower after prior 
CS than after prior VD (0.13% vs 0.23% p<0.0001)(0.06% vs 0.08% p<0.02).

Conclusion
In women who had a CS due to non-progressive labour, adverse maternal and neonatal 
rates in a subsequent pregnancy are low. The successful VBAC rates in our low risk cohort 
justify counselling for TOL. The protective effect of prior CD for antenatal death in a next 
pregnancy requires further evaluation. The reason for this protective effect is not clear 
and requires further evaluation.
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INTRODUCTION

Historical context of caesarean delivery
Surgical termination of pregnancy or delivery by operative opening of the uterus has been 
practiced for centuries, initially as a post-mortem procedure, with incidental survival of the 
infant. Numa Pompilius, Roman king (716-673 BC) issued a law called The Lex Caesarea 
that refers to the post-mortem delivery of a child through incision in the abdomen. In 
Roman times priests performed this procedure as a burial procedure as it was forbidden 
to bury a pregnant woman before the child was extracted from the womb. Our modern 
caesarean section (CS) procedure may have derived its name from this first legal reference. 
The initial objective of the CS was mainly post-mortem delivery of a dead or live child as a 
religious rather than a medical event. This changed in the Renaissance were the concept 
of CS birth emerged as a medical procedure. Until the 18th century CS resulted almost 
always in death of the mother. The main indication for caesarean delivery was complete 
arrest of labour, usually after intrauterine foetal death had occurred.

In the 19th century with improvement of surgical techniques, introduction of anaesthesia, 
anti-septic measures and superior methods of closing the womb, maternal mortality 
rates decreased, and safety of both mother and child became the objective of caesarean 
section. (1)

In the 20th century caesarean section became an established procedure. In many countries, 
the CS rate was 5% for a long time, and CS where mainly done for non-progressive labour. 
Introduction of continuous foetal monitoring in the early 70s contributed to an increase in 
the CS rate, resulting in non-progressive labour and suspected foetal distress as the most 
common indications for Caesarean section.

The 21st century shows an exponential growth of the number of CS. In contrast to the 
Renaissance, when CS implicated certain death of the patient, CS rates in well-resourced 
settings nowadays rarely results in the death of the woman during or after the procedure. 
CS is considered a safe procedure. This diminished the threshold for the obstetrician to 
perform CS.

The WHO stated that a population-level CS rate above 10–15 per cent is hardly justified 
from the medical perspective, and exceeding this rate implicates an overuse of CS without 
improvement of neonatal outcome. Recently Jiangfeng Ye et al confirmed this WHO 
statement based on the ecological association of caesarean delivery rate and perinatal 
outcomes. (2,3)

Although immediate mortality of CS in well-resourced sections is very low and maternal 
morbidity is low, it is still considerably higher than after vaginal delivery. Maternal 



80

Chapter 6

adverse outcomes such as adhesion formation, surgical injury, postoperative infection, 
haemorrhage and transfusion, hysterectomy, and death progressively increase as the 
number of previous caesarean deliveries increase The long term obstetric perspective 
after CS is less good than after vaginal delivery, with the risk of placenta growing into the 
uterine scar in subsequent pregnancy and rupture of the uterine wall during subsequent 
delivery. (4) Also, the health of children born after CS is at state, as there is report of a 
higher risk of obesity and asthma. (5,6)

The challenge we face in the 21st century is to prevent unnecessary medicalization and long-
term negative effects from CS in future pregnancies. Our focus thereby should be the health 
of the mother and child, and normalization of CS rates in high-income countries should not 
be a goal in itself, but functional to the improvement of outcomes for mothers and babies.
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Nowadays the variation in CS rates in Europe is wide, from 52.2% CS rate in Cyprus to 
14.8% in Iceland in 2010. Especially rates of planned caesarean section for breech 
presentation, multiple births and women with previous caesarean section vary among 
different countries. (7) However, abnormal position of the foetus, such as occurs in breech 
pregnancy, captures not more than 5% of all pregnancies. The main source of variation in 
the CS rate is the nulliparous woman with a child in cephalic presentation that delivers at 
term. The main indication for CS during labour is non-progression of labour. (8,9,10)

Trends in mode of delivery  
The course of a first pregnancy and delivery stipulates to a great extent the provided care 
and way of delivery in a subsequent delivery. In the Netherlands, healthy women with 
an uneventful pregnancy and delivery receive antenatal care by community midwives; 
women with intermediate or high-risk receive antenatal care from gynaecologists.

The continuous existence of home delivery and the well-organized maternity homecare 
is one of the features that make the Dutch obstetric care different from other sections in 
the Western world. Birth is considered as a natural process which results in a tendency 
to limit the amount of medical interventions. However, the obstetric care system in the 
Netherlands is evolving and there is an increasing degree of medicalization of childbirth 
in the Netherlands, illustrated by the decrease in home deliveries (In 1989 the number of 
women delivering at home was 38%, while in 2013 only 18% of women delivered at home 
(11)), increased usage of epidural analgesia (from 8 to 26% in the period 1999-2008 (12)) 
and increased amount of caesarean sections.

In the Netherlands we see the amount of operative vaginal deliveries decreasing in favour 
of the emergency caesarean section. Also a steep rise of planned caesarean following the 
publication of the Term Breech trial published in 2000 can be noticed. (13,14) 

The overall CS rate increased from 10.5% in 1999 to 17% in 2010. (Figure 1) Kwee at al showed 
an overall CS rate increase of CS rate from 8 to 14 % in the period 1993–2002 and an increase 
from 12 to 20% in nulliparous term women with a singleton in vertex presentation. (15)

The indications for emergency caesarean section remained stable over the years 1999-
2010. The main indication for emergency caesarean over the years 1999 to 2010 was non-
progressive labour, accounting for 58% of the overall caesarean deliveries, 21% due to 
non-reassuring foetal status and 11% a combination of non-reassuring foetal status and 
non-progressive labour. (Figure 2)

Barber et al performed a large cohort study investigating which indications contribute 
to the increasing CS rate in the USA. They concluded that between 2003 and 2009, the 
majority of primary e.g. first birth CS are attributable to labour arrest disorders (87.9 per 



82

Chapter 6

Emergency CS 
non progression of labor
n =  11 689

Succesful Vaginal delivery
n =141 539

Term singleton pregnancy 
(37- 42+6 weeks gestation)
n=240 950 

Low risk population
n = 153 228

Exclusion *:
1st pregnancy fetal demise >20 weeks GA   n=       585
Planned CS             n=    9 002
Congenital malformation        n=    4 350
Small for gestation age ( <5th percentile)    n=     9 533 
Malpresentation          n= 12 889
Emergency CS fetal distress or non speci�ed  n=  23 052
Hypertenive and diabetic disorder    n=  29 571

First delivery

* Exclusions do not add up, because more than one criterium can occur in one pregnancy 

Figure 3. Flow of patients based on in- and exclusion criteria

Total cohort
n=153 228

Emergency CS
n= 11 689

Vaginal delivery
n=141 539

31% Planned CS
n= 3 597

2 % Emergency CS 
n= 2 118

27% Emergency CS 
n= 3 208

29 % VBAC 
n= 3 384

1% Planned CS 
n= 1 732 

95% Vaginal delivery 
n= 134 530

First delivery

Second delivery

13% operative VBAC 
n= 1 500

2 %  operative 
Vaginal delivery 
n= 3 159

Figure 4. Mode of delivery in the subsequent pregnancy
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1,000) and 18% of the increase of overall CS rate can be attributed to arrest of labour, 
mainly arrest of dilation. CS performed for arrest of dilation increased 3.9% per year (95% 
CI 1.4 – 6.5).  Furthermore, they reported a decrease of Vaginal Birth after Caesarean 
(VBAC) rate from 43.9% to 7.8% in the USA. (10)

When comparing our national data with other countries, the Netherlands still has a 
low, although increasing, CS rate, a stable low induction rate and a stable moderate 
instrumental vaginal delivery rate. The rates of VBAC in the Netherlands are still high 
(74%) compared with other countries, but possibly the same trends as in the USA will 
become noticeable in the Netherlands in upcoming decennia. (15,16)

Prevention of CS due to Non-progression of labour
The main focus of safe prevention of caesarean section in recent literature has been the 
caesarean without medical indication, so called “Caesarean on request or non-indicated 
caesarean”, and ways to safely increase the rates of VBAC, without increasing the risk 
of adverse outcomes.  The recent article of ACOG/SMFM Obstetric care consensus by 
Caughey et al explores the idea of safe reduction of CS by preventing the CS indicated by 
non-progressive labour in first pregnancy. It has been hypothesized that the historically 
fixed curves of normal labour do not apply to our modern deliveries with increasing 
application of induction of labour, epidural analgesia, increased maternal and neonatal 
weight. (17) Non-progression of labour CD rates are highest among nulliparous women, 
have great variation among hospitals and are highly affected by provider practices. The 
subjectiveness thus indicates that reduction is feasible and preventing the CS in first 
pregnancy will result in reducing the rate of repeat CS. (8)

To gain more insight in the consequences of CS due to non-progression in a second 
pregnancy, we explored the mode, safety and risks of deliveries after a CS due to non-
progression of labour in the Netherlands.

Epidemiologic evaluation of the effects of CD in a low risk population on subsequent 
deliveries
We analysed data of women with their first and second delivery from the Dutch Perinatal 
Registry (PRN) between January 2000 and December 2007. We divided our cohort in two 
groups; Women with a CS due to non-progression of labour (CS cohort) and women with 
a successful vaginal (operative) delivery (VD cohort). (Figure 3)

We assessed the rate of planned an unplanned repeat CS, successful VBAC, operative 
vaginal deliveries in both groups. In the PRN registry, planned CS is defined as an elective 
caesarean section on the basis of obstetrical or medical indication, or at maternal 
request, generally executed prior to labour. Emergency CS is defined as caesarean section 
performed during labour by necessity because of foetal distress or non-progressive labour. 
Further explanation of our methods can be found in Addendum 1.
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Consequences of first birth caesarean section due to non-progression
Figure 3 shows the flow of patients based on in- and exclusion criteria. 153 228 Women 
were available for analysis. We included 11 689 women in the CS group and 141 539 
women in the VD group.

Figure 4 shows the mode of delivery in the subsequent pregnancy. In the CS cohort, 3597 
women (31%) delivered through planned repeat CS, 3384 women (29%) had a unassisted 
VBAC, 1500 (13%) had a successfully assisted VBAC, either vacuum or forceps delivery 

Table 2. Outcomes second pregnancy

CD cohort
N=11 689 (%)

VD cohort 
N=141 539 (%)

OR 95%CI P
 

adj 
OR*

95%CI P

Maternal death 0 (0.0%) 9 (0.006%) 0.6 0.04-11 0.4 - - -

Uterine rupture 13 (0.11) 4(0.003) 39 13-121 P<0.0001 - - -

Blood loss > 1000ml 595 (5.1%) 5808 (4.1) 1.2 1.1-1.4 p<0.0001 1.0 0.9-1.1 0.4

Transfusion 35 (0.3) 194(0.14) 2.2 1.5-3.1 p<0.0001 1.6 1.1-2.3 0.02

5 minute Apgar 
score <7

273 (2.3) 1917(1.35) 1.7 1.5-2.0 p<0.0001 1.1 1.0-1.3 0.1

Birth trauma 17 (0.15) 209(0.15) 1.0 0.6-1.6 p=1.0 0.6 0.4-1.0 0.06

Antenatal death 15 (0.13) 325(0.23) 0.6 0.3-0.9 p=0.03 0.2 0.1-0.3 <0.0001

Neonatal death 7 (0.06) 120(0.08) 0.7 0.3-1.5 p=0.4 0.4 0.2-0.8 0.02

Table 1. Significant	baseline	differences

CS cohort
N=11 689

VD cohort
N=141 539

P

Caucasian 10446 89.4% 125291 88,5% p= 0.006

Low social ecomic status 2648 22,7% 30684 21,7% p=0.01

Mean maternal age
(2nd delivery, in years)

31.8 SD 4.0 30.9 SD 4.2 p<0.001

Spontaneous labour 
(2nd delivery)

4915 42,1% 114123 80,6% P<0.001

Mean gestational age 
(2nd delivery, in weeks)

39.4 SD 3.0 39.6 SD 3.0 P<0.001

Mean neonatal weight
(2nd delivery, in grams) 

3682 SD 506 3634 SD 502 P<0.001
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and 3208 women (27%) had an emergency caesarean section. Of women having a VBAC 
60.4% succeeds, this means 41% of the CS cohort.

In the VD cohort 134 530 (95%) of the women had a second successful vaginal birth. 3159 
(2%) had a successfully assisted vaginal birth, 2 118 (2%) had an emergency CS and 1732 
(1%) had a planned CS. 

The baseline characteristics for the CS cohort and the VD cohort that were significantly 
different are summarized in Table 1.

Table 2 shows the outcomes of adverse maternal and neonatal outcomes at second 
delivery among low risk women whose first delivery was a CS due to non-progression of 
labour, compared with women with a vaginal birth. Therefore, we adjusted the analyses 
for confounding by ethnicity, maternal age, induction of labour, gestational age and 
neonatal weight.

There were 9 maternal deaths (0.01%), all in the VD cohort versus none in the prior CS 
cohort; this difference did not reach statistical significance. The reported occurrence of 
uterine rupture in was very low; 1 in 1000 but occurred more often after prior CS (OR 39 
95%CI 13-121 P<0.0001). Calculation of aOR was not possible due to small numbers. 
After adjustment we found differences in transfusion rates between prior CS and prior VD 
of 0.3 vs. 0.14%( aOR 1.6 95%CI 1.1-2.3 p0.02).  Blood loss more than 1000 ml occurred 
in 5.1% after prior SC, and 4.1% after prior VD, after adjustment there was no significant 
difference.

The incidence of antenatal death in a pregnancy following a caesarean delivery was 1.3 
per 1000 pregnancies; the incidence of antenatal death in the VD cohort was 2.3 per 1000 
pregnancies (aOR 0.2, 95% CI 0.1-0.3, P <0.0001). The incidence of neonatal death before 
28 days was 0.6 per 1000 pregnancies in the CS cohort versus 0.8 in the VD cohort (aOR 
0.4 CI 0.2-0.8, p=0.02).

DISCUSSION
The main indication of first birth caesarean during labour is non-progression. We 
conducted this study in order to canvass the idea of preventing the first caesarean due to 
non-progression and to explore the success rates of TOL and the associated risks of TOL 
in this specific group.

We analysed data of 153 228 women, 11 689 women in the CS cohort and 141 539 women 
in the VD cohort. In the CD cohort 42% had a VBAC, 31% delivered through planned repeat 
CS, 27% had an emergency repeat CS. Women having a Trial of labour after CD (TOL) 
succeed in 60.4%. In the VD cohort 95% of the women had a second successful vaginal 
birth, 1% had a planned CS and 2% had an emergency CS.
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Having a history of CS due to non-progression increases the chance of uterine rupture, 
blood loss and need for transfusion compared to women having a history of vaginal birth. 
When having a TOL there is a higher risk of operative vaginal delivery compared to overall 
operative vaginal delivery rates.  There were 9 maternal deaths, all occurred in the VD 
cohort. Antenatal and neonatal deaths were lower in the CD cohort compared to the VD 
cohort.

The fact that in a low risk population there seems to be a protective effect of a prior CD for 
antenatal death is a remarkable finding. Only two studies looked at the association of intra 
uterine demise and prior caesarean, with conflicting results.

In a population based cohort study Smith et al found that women whose first birth was by 
caesarean section were at significantly increased risk of having an unexplained antepartum 
stillbirth from 34 weeks gestation onwards in their second pregnancy (aOR 2.74 95% CI 
1.74–4.30, p<0.001) In their cohort the absolute risk of stillbirth after 24 weeks’ gestation 
was 3.8 per 1000 women who had had a previous CS and 2.3 per 1000 in those who had 
not.(18) However, Bahtiyar  et al. analysed a large U.S. data set of more than 11 million 
term deliveries and concluded that a prior CS was not associated with an increased risk 
of unexplained term IUFD in a subsequent pregnancy. Their analysis of term women with 
only 1 prior CS resulted in antenatal death of 0.7 per 1000 deliveries for prior CS and 0.8 
per 1000 deliveries for VD (relative risk 0.90; 95% confidence interval 0.76-1.06). Their 
crude term intrauterine foetal demise rate was 1.3 per 1000 births for prior CS and 1.5 per 
1000 births for prior VD. (19) In our study the incidence of antenatal death in the CS cohort 
was equal to Bahtiyar et al (1.3 per 1000 deliveries) The incidence of antenatal death in the 
VD cohort was 53% higher (2.3 per 1000 deliveries) (aOR 0.2, 95% CI 0.1-0.3, P <0.0001) 
leading to a statistical significant protective effect of a prior CS for antenatal death.

The explanation for the protective effect of CD in a low risk population is not immediately 
apparent, although differences in timing of delivery and difference in obstetric 
management could be an explanation, at least in part, for this effect. All low risk women 
with a history of CD in the Netherlands are classified as intermediate or high-risk 
pregnancies in their next pregnancy and will receive antenatal care by gynaecologists. It 
would be most interesting to see if differences in antenatal death can be explained by our 
Dutch obstetric care system. The Cochrane review about midwifery-led care from 2013 
reported no differences in the risk of losing the baby after 24 weeks or overall antenatal or 
neonatal death in women who received midwife-led continuity model of care compared to 
women who received other models of care. No Dutch study was included in this review. All 
trials included licensed midwives, and none included lay or traditional midwives. No trial 
included models of care that offered out of hospital birth. (20) It is an argument to further 
examine our Dutch obstetric care system, however it is not a reason to shy away from 
prevention of first birth caesarean delivery.
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Observational studies of the effects of CD on subsequent pregnancies are numerous, 
but the observed cohorts mainly consist of high risk or mixed case populations. We 
were able to compose a low risk cohort by including only non-progression and excluding 
all CD due to foetal distress or a combination of non-progression and foetal distress, 
excluding all maternal morbidity and foetal congenital or chromosomal abnormalities. To 
our knowledge this is the first study to investigate solely the effects of CD due to non-
progression; the main indication for CD during labour and the most subjective indication 
during labour.

We can conclude from our results that 60% of those women motivated to undertake TOL 
after a CD indicated by non-progression have a successful VBAC.  As a whole this group 
has a lower chance of successful VBAC compared to overall VBAC success rates (74%) 
and the chance of an operative VD delivery is higher (18,5%, n=1500/8092) compared to 
overall operative delivery rates of 10.7% (10-12%) (Figure 1)(15,16). 

Attempted operative vaginal delivery is associated with a highly increased risk of neonatal 
birth trauma (0.95%) compared with emergency caesarean (0.07%) (aOR 15.0, 95% CI 
5.94 to 38.0) (21) In this study we did not find significant differences for birth trauma.

This relatively high successful VBAC rate means the majority of women do not have a 
pelvis unable for childbearing. Rather most of the increase in caesarean for labour arrest 
disorders manifested in arrest of dilation. (10) The diagnosis of arrest of dilation is relatively 
subjective, with large variability in frequency of cervical examinations, determination of 
adequate uterine contractions, and judgment of supposedly normal duration. Especially 
when other clinical issues, such as insufficient pain relief or maternal fever, arise. Patients 
may also play a role in the decision to intervene during slowly progressing labours.

Friedman identified the pattern of progressive cervical dilation in normal labour in 
1967 and Philpottin developed application and adjustment with the aid of a partogram. 
Worldwide implementation of the partogram was encouraged by the WHO in order to 
promote safe motherhood. (22-26) Recently it has been suggested, in order to prevent the 
overuse of caesarean sections in developed countries, to adjust the partogram to modern 
standards.(17)

Maternal characteristics such as increased age, increased maternal weight, racial diversity 
and medical interventions such as induction of labour, epidural analgesia and changes in 
obstetric practices are associated with prolongation of labour. (27-30) In a large cohort 
study by Zang et al 2010, a contemporary population was compared to a cohort from 
the 1960s previously described by Friedman. Remarkably, the duration of first stages of 
labour in nulliparous and in multiparous women were longer and only accelerated after 
6 cm, in comparison to the partogram based on Friemans cohort assuming acceleration 
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after 3 cm. They pleaded that in order to reduce the rate of intra partum, labour should be 
allowed to continue for a longer period before 6 cm of cervical dilation. (31)

Diagnoses of labour arrest before 6 cm in women undergoing induction should be made 
even more cautiously. Harper et al conducted a comparative study of induced versus 
spontaneous labour that indicate that the latent phase of labour is longer in induced labour 
compared with spontaneous labour although the active phase of labour (again greater 
than 6 cm) is similar between the two groups. In the setting of induction of labour, non-
intervention in first 6 cm of dilation, when foetal and maternal condition is reassuring, 
seems to reduce the risk of caesarean delivery. (32) 

The disadvantages of by having more patience in order to prevent CS and a subsequent 
longer first and second stage of labour could be and increase of shoulder dystocia, birth 
trauma, neonatal sepsis, asphyxia, endometritis and blood loss. (33,34) To achieve optimal 
obstetric and perinatal outcome, balancing risks and benefits for both the mother and the 
neonate and individualized counselling is essential.

Limitations
Our results reflect outcomes for the women with non-progression of dilatation (first 
stage) and non-progression in the active phase of labour (second stage). In our database 
we could not differentiate between first and second stage non-progression. This means 
that adverse events and VBAC rates might differ for women with first stage dystocia 
compared to second stage dystocia. We are aware that an unbiased evaluation of the 
risk of adverse neonatal and maternal outcomes and estimation of TOL success rates can 
only be achieved if all women in our cohort would undergo TOL and PCS would only be 
performed for absolute contra indications such as placenta praevia.

CONCLUSION
Preventing the first birth caesarean section should have the fullest attention of the 
obstetrician in order to decrease CS rates or at least maintain a certain CS rate. Our 
country has low CS rates compared to other countries; we are however not exempted 
of the overall CS rate increase. Our 17% CS rate has risen above the WHO medically 
justifiable limit of 10-15%. In the last decades maternal characteristics such as increased 
age, increased maternal weight, racial diversity, medical interventions such as induction 
of labour, epidural analgesia and changes in obstetric practices have caused a longer 
duration of labour.  In clinical practice this would mean; certain restraint in diagnosing 
failed induction, accepting longer duration of first and second stage as long as foetal and 
maternal conditions are not compromised.

The adverse maternal and neonatal events, in a subsequent pregnancy due to non-
progression are low. The protective effect of CD in a low risk population is not immediately 
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apparent, further evaluation of difference in obstetric management is necessary. 
The successful VBAC rates in our low risk cohort are encouraging and justify counselling for 
TOL even with a history of CS due to non-progression as majority of women attempting 
TOL succeed. This way further unnecessary increase of repeat caesarean section can 
be prevented. Long-term effects of CS should be further investigated, the effects of 
differences in obstetric management between low risk women with or without CD should 
be further investigated and qualitative studies about doctor behaviour and patient 
preferences should be carried out. 

We thank the Netherlands Perinatal Registry for giving permission for use of registry data 
(registration number 12.02).
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ADDENDUM 1

Inclusion criteria: 
Data of the first and second pregnancies were collected from a database by the Dutch 
Perinatal Registry (PRN). The PRN database is a national database that contains linked 
maternal and neonatal data entered by midwives, obstetric care givers and pediatricians. 
The coverage of the PRN registry is about 96% of all deliveries in the Netherlands. The 
records included in the PRN registry are entered at the child’s level. There is no unique 
maternal identifier. This database contains linked maternal and neonatal data entered by 
obstetric caregivers and pediatricians. The coverage of the PRN registry is about 96% of 
all deliveries in the Netherlands. The records included in the PRN registry are entered at 
the child’s level. There is no unique maternal identifier available in the registry to follow-
up on outcomes of subsequent pregnancies of the same mother. Therefore a longitudinal 
probabilistic linkage procedure in which we linked records of children of the same mother 
was performed in order to create a mother identifier. (35) Permission for use of registry 
data was given by the Netherlands Perinatal Registry (registration number 12.02). For a 
more elaborate description of the methods used for this longitudinal linkage, we refer to 
the article of Schaaf et al 2011. (36)

Our analysis included women with a first live, singleton and term gestation that had a 
successful vaginal delivery or a CD due to non progression of labor. Our main outcomes 
were maternal and neonatal complications at second births associated with caesarean 
section due to non-progressive labour at the first birth.

Neonatal complications consisted of neonatal mortality, antenatal death, preterm 
birth, low Apgar score, and birth trauma. Maternal complications consisted of maternal 
mortality, uterine rupture, placental abruption, postpartum haemorrhage, blood 
transfusion and instrumental delivery.

We compared baseline characteristics of both groups first pregnancy by calculating the 
appropriate measure for either parametric or non-parametric continuous variables. In this 
way, unequal distribution of known covariates was identified and could be adjusted by 
logistic regression.

We calculated crude odds ratios (ORs) and adjusted odds ratios (aORs) using univariate 
and multivariate logistic regression in SAS 9.2 (SAS Institute Inc, Cary, NC, USA). We 
corrected for gestational age at delivery, birth weight, spontaneous start of labour and 
maternal age.
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Term was defined as beyond 36 weeks and 6 days and before 43 weeks of gestation. 
Women with a pregnancy complicated by hypertensive disorders, diabetic disorders, 
congenital abnormalities or a planned caesarean section, caesarean section due to foetal 
distress or non-specified indication were excluded.

Neonatal mortality was defined as death within 28 days of birth. Stillbirth was defined as 
death of the foetus before or during delivery. Low Apgar scores were defined as 10-minute 
Apgar scores below or equal to seven (AS ≤ 7). Birth trauma included all traumata that 
were reported as being caused by delivery, such as fractures, brachial plexus damage, and 
subdural or cerebral hematoma.

Maternal mortality was defined as the death of a woman while pregnant or within 42 days 
of termination of pregnancy from any cause related to or aggravated by the pregnancy, or 
its management, but not from accidental or incidental causes. Uterine rupture was defined 
as the complete separation of the uterine scar resulting in communication between the 
uterine and peritoneal cavities. Postpartum haemorrhage was defined as blood loss of 
more than 1000 ml during and after delivery. Instrumental delivery was defined as vacuum 
or forceps extraction. 
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ABSTRACT

Introduction
Adhesion formation is the most common complication following peritoneal surgery and 
the leading cause of small bowel obstruction, acquired infertility and inadvertent organ 
injury at re-operation. Using a ‘good surgical technique’ is advocated as a first step in 
preventing adhesions. However, the evidence for different surgical techniques to reduce 
adhesion formation needs confirmation.

Methods
Pubmed, Embase and CENTRAL were searched to identify randomized controlled trials 
that investigated the effect of various aspects of surgical technique on adhesion-related 
outcomes. Clinical outcomes and incidence of adhesions were the primary endpoints. 
Identification of papers and data extraction were performed by two independent 
researchers.

Results
There were 28 papers with 27 studies included for a systematic review. Of these, 17 
studies were eligible for meta-analysis and 11 for qualitative assessment only. None of 
the techniques that were compared significantly reduced the incidence of adhesive 
small bowel obstruction. In a small low-quality trial, the pregnancy rate increased after 
subserous fixation of suture knots. However, the incidence of adhesions was lower after 
laparoscopic compared with open surgery [relative risk (RR) 0.14; 95% confidence interval 
(CI): 0.03–0.61] and when the peritoneum was not closed (RR 0.36; 95% CI: 0.21–0.63).

Conclusions
None of the specific techniques that were compared reduced the two main adhesion-
related clinical outcomes, small bowel obstruction and infertility. The meta-analysis 
provides little evidence for the surgical principle that using less invasive techniques, 
introducing less foreign bodies or causing less ischaemia reduces the extent and severity 
of adhesions.
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INTRODUCTION

Post-operative adhesions form as a result of peritoneal injury in abdominal and pelvic 
surgery, abdominal inflammatory diseases and infection (Lower et al., 2004; Parker et al., 
2005; Duron, 2007; van Goor, 2007). Adhesions may cause a wide variety of morbidities, 
including adhesive small bowel obstruction (ASBO), acquired female infertility, chronic 
abdominal pain and inadvertent organ injury during repeat surgery (Nieuwenhuijzen et 
al., 1998; Van Der Krabben et al., 2000; Swank et al., 2003; Foster et al., 2006; Nakagawa 
et al., 2007; Godinjak and Idrizbegovic, 2008). The risk for adhesion-related complication 
is highest following colorectal surgery and surgery of the ovaries, with a 10-year risk of 
readmission directly related to adhesions as high as 8.8 and 7.5%, respectively (Ellis et al., 
1999; Lower et al., 2000; Parker et al., 2001).

Prevention of post-surgical adhesion formation is the only way to combat adhesion-related 
morbidity because proper medical treatment does not exist and surgical adhesiolysis 
has the drawback of adhesion reformation. The first step in preventing post-operative 
adhesions is applying a so-called ‘good surgical technique’ minimizing injury to serosal 
surfaces and the parietal peritoneum. The significance of minimizing peritoneal injury 
had been emphasized in numerous reports, however, without substantiating on what 
constitutes good surgical technique from a number of anti-adhesion measures and agents.

Aspects of surgical technique often mentioned in literature to be associated with 
(reduction of) adhesion formation are laparoscopy, closure of the parietal peritoneum, 
foreign bodies (e.g. glove powder, sutures and meshes), electrocautery, infection 
(prevention) and peritoneal lavage. Some studies show conflicting results. Recent clinical 
observational studies demonstrated a lower incidence of adhesions following laparoscopy 
in comparison with open surgery (Levrant et al., 1997; Audebert and Gomel, 2000; 
Milingos et al., 2000; Polymeneas et al., 2001). However, laparoscopy did not significantly 
reduce adhesion-related morbidity in a large population-based study (Lower et al., 2004). 
Animal experiments demonstrated an unfavourable effect of CO2 pneumoperitoneum at 
laparoscopy on peritoneal perfusion, reactive oxygen species formation and desiccation 
of the periton- eum, all of which are factors known to induce adhesion formation (Binda 
et al., 2003). Peritoneal closure in order to reduce adhesion formation is much debated, 
especially following a Caesarean section (Kadanali et al., 1996; Tulandi and Al-Jaroudi, 
2003; Lyell et al., 2005). Animal studies have demonstrated that the choice of suture 
material influences adhesion formation by its effect on the inflammatory response and 
that unipolar electrocautery causes more thermal injury to the peritoneum than ultrasonic 
dissection in a rat model of direct peritoneal injury (Bakkum et al., 1995; ten Broek et al., 
2010).



100

Chapter 7

Table 1. Predefined	search	terms	used	in	Pubmed

Patients

1. abdo*[Title/Abstract]

2. intraabdominal[Title/Abstract]

3. peritoneal[Title/Abstract]

4. intraperitoneal[Title/Abstract]

5. laparoscop*[Title/Abstract]

6. laparotom*[Title/Abstract]

7. myomect*[Title/Abstract]

8. gyne*[Title/Abstract]

9. surgi*[Title/Abstract]

10. surge*[Title/Abstract]

11. leostom*[Title/Abstract]

12. colon*[Title/Abstract]

13. color*[Title/Abstract]

14. pelv*[Title/Abstract]

15. cesarean section [Title/Abstract]

16. caesarean section [Title/Abstract]

17. COMBINE 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16

Interventions

18. electrocoag*[Title/Abstract]

19. electrotherm*[Title/Abstract]

20. ultrason*[Title/Abstract]

21. harmonic scalpel[Title/Abstract]

22. ultracision[Title/Abstract]

23. periotneal[Title/Abstract]

24. peritoneum[Title/Abstract]

25. lavage[Title/Abstract]

26. sutur*[Title/Abstract]

27. closure[Title/Abstract]

28. powder[Title/Abstract]

29. foreign*[Title/Abstract]

30. laparoscop[Title/Abstract]

31. laparotom*[Title/Abstract]

32. hydra[Title/Abstract]

33. conditioning[Title/Abstract]

34. antibio*[Title/Abstract]

35. laser[Title/Abstract]

36. COMBINE 18 OR 19 OR 20 OR 21 OR 22 OR 23 OR 24 OR 25 OR 26 OR 27 OR 28 OR 29 OR 30 OR 31 OR 32 OR 33 OR 34 OR 35

Control

–

Outcome

37. adhesi*[Title/Abstract]

38. tissue adhesions[MeSH Terms]

39. COMBINE 37 OR 38

Total

40. COMBINE 17 AND 36 AND 39

Similar keywords were used for searching Embase
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A recent questionnaire among Dutch surgeons indicated that many questions exist 
regarding the influence of surgical technique on adhesion formation and there seems to 
be a need for clear recommendations and guidelines in order to adhere to the best surgical 
technique based on the best available clinical evidence (Schreinemacher et al., 2010).

A few randomized clinical studies have been published investigating certain aspects 
of surgical technique with regard to peritoneal adhesion formation. The endpoints 
of these studies vary from direct observation of the incidence of adhesions during 
second-look surgery to assessment of the fibrinolytic response to peritoneal injury as an 
indirect measure of adhesion formation. Although these studies indicate a pivotal role 
for fibrinolysis in adhesion formation, fibrinolytic activity has never been validated as a 
surrogate outcome for the incidence of adhesions or related morbidity (Ivarsson et al., 
1998).

This study aimed to systematically review all randomized clinical trials (RCTs) comparing 
surgical techniques in patients undergoing abdominal or pelvic surgery with direct 
endpoints of adhesion formation to obtain evidence of good surgical techniques that 
reduce adhesion formation.

METHODS

Search
A comprehensive literature search was carried out in Pubmed, Embase and CENTRAL. 
A list of predefined search terms was combined with the Cochrane Highly Sensitive 
Strategy for Pubmed (Table 1). Similar keywords were used for searching Embase and 
CENTRAL. The EMBASE search was combined with the sensitivity maximizing search 
strategy described by Wong et al. (2006). No language or date restrictions were applied. 
The latest search was carried out on 1 October 2011. A manual search of the bibliographies 
of relevant papers was carried out to identify additional studies for possible inclusion.

Paper selection
Identified articles were screened for the following inclusion criteria in title and abstract: 
patients undergoing intra-peritoneal surgery; comparison of different surgical techniques; 
at least one of the outcome measures as defined below and randomized trials. If in doubt, full 
text of articles was retrieved. Multiple publications of one original RCT were excluded when 
the papers did not add new information for quality assessment of the predefined outcomes.

Outcomes
Primary outcomes were the incidence of ASBO, pregnancy rate and incidence of adhesions 
at second-look surgery (Diamond et al., 2010). ASBO was regarded as a valid outcome only 
if the diagnostic criteria for ASBO were clearly described. Pregnancy rate was regarded as a 
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valid measure of clinical success only in those studies where the included patients underwent 
gynaecologic surgery and had a clear pregnancy desire. Both the total number of clinical 
pregnancies and live births were analysed. Secondary endpoints were the site-specific 
incidence of adhesions and the standardized mean difference (SMD) in adhesion score.

Data and statistical analysis
Identification of papers and extraction of data were performed by two independent 
researchers (R.P.G.B. and N.K.-K.) and discrepancies were resolved through discussion 
under supervision of a third author (H.G.). We described outcomes and risk of bias of all 
articles, using the Cochrane Collaboration’s tool for assessing risk of bias. Studies were 

Figure 1 Quorom flow chart illustrating the selection procedure of relevant articles. RCT, randomized clinical trial.

Figure 1.	 Quorom	flow	chart	illustrating	the	selection	procedure	of	relevant	articles.	RCT,	randomized	clinical	trial
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eligible for meta-analysis if the methods of follow-up were adequate for the outcome 
and necessary statistics could be retrieved. Follow-up was considered ad- equate if the 
length of follow-up was sufficient for the outcome to occur, data were obtained from a 
prospective source and, 20% of patients were lost to follow-up. If statistics for meta-
analysis were not provided or inconsistent in the full text of articles, email contact or, if 
necessary, telephone contact with the primary author was made to obtain the missing 
data. If the author could not provide these data, the main findings were only described and 
the study was excluded from meta-analysis.

Data extraction and meta-analysis were performed following the recommendations of the 
Cochrane Handbook and QUOROM statement. Studies designed to assess an adhesion 
end-point, with low risk of bias on at least three domains, 10% of patients lost to follow-up 
and no import- ant flaws in design were considered high-quality RCTs. When appropriate, 
a separate analysis was made for high-quality and low-quality studies in addition to the 
pooled analysis. The Mantel–Haenszel method was applied for pooling of dichotomous 
data and presented as relative risk (RR) with 95% confidence interval (CI). The inverse 
variance method was used for pooling continuous data and this was presented as SMD and 
95% CI. A fixed-effects model was applied for meta-analysis. In the presence of significant 
heterogeneity, a random effects model was applied. Heterogeneity was tested with x² and 
I² test. An I² value ≥ 50% or a P-value <0.05 was considered significant. Data were analysed 
using Review Manager 5.0 (The Cochrane Collaboration, Copenhagen, Denmark).

A summary of the results from the meta-analysis was presented in a figure showing the 
number of studies, number of participants and relative risk with 95% CIs for all primary 
outcomes per comparison of techniques

RESULTS

Description and quality of included studies
Searches identified 3912 publications. After removal of duplicates, abstracts and titles of 
2854 publications were assessed. There were 59 potentially relevant papers were identified 
from title and abstract, and 31 papers were excluded. One paper was written in Romanian 
language and full text could not be retrieved. The other 30 papers were excluded from 
analysis after reading the full text. There were 25 papers excluded because they did not 
compare different surgical techniques or did not report an adhesion-related outcome. Four 
papers encompassed studies already included and provided no additional information on 
outcomes or methodology. Only one paper described a study protocol (Fig. 1). Finally, 
28 papers describing 27 studies were included. Two papers of Lundorff et al. (1991, 1992) 
reported results on different outcomes of the same trial. The methodological quality of 
most studies was poor, the median number of domains with low risk of bias was 2 (range 
0–5; Table 2). The low-quality resulted from inadequate description of randomization 
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Table 2. Risk of bias assessment summary

Reference Adequate 
sequence 
generation

Allocation 
concealment

Blinding 
(observer)

Adequate 
reporting 
on loss to 
follow-up

Power 
analysis

Free of other 
sources of 
bias

Domains 
with low risk 
of bias (n)

Comment—other source of bias

Alborzi et al. (2003) YES NR NO NO NR NO 1 Adhesion score used is highly subjective

Eshuis et al. (2010)a YES YES NO NO YES YES 4

Fujishita et al. (2004) YES NR NO NO NR NO 1 Not all randomized patients had pregnancy desire; No fertility analysis described

Franchi et al. (1997) YES NR NR YES YES YES 4

Gurgan et al. (1991) NR NR NR NR NR NR 0 Randomization of patients not explicitly reported

Gurgan et al. (1992) YES NR NO YES NR NR 2 No assessment and comparison of adhesion in initial surgery

Kadanali et al. (1996) NR YES YES YES NR NR 3 Length till second look operation not described

Kapustian et al. (2011) YES NR YES NO YES NO 3 Repeat Caesarean section might introduce selection bias

Komoto et al. (2006) NO NO NO NO NR NO 0 Repeat Caesarean section might introduce selection bias

Lundorff (1991 0 1992) YES YES N O NO NR NO 2 Second look not planned for all randomized patients; Not all randomized patients had 
pregnancy desire

Malvasi et al. (2009) NO NO NO YES NR NR 1 Repeat Caesarean section might introduce selection bias

Mercorio et al. (2008) YES YES NO YES NR YES 4

Nabhan (2008) YES YES NO NO YES NO 3 Repeat Caesarean section might introduce selection bias

Ng et al. (2009)a YES YES NO YES YES YES 5

Pellicano et al. (2005) NO NR NO YES NR NO 1 No fertility analysis described

Pellicano et al. (2008) YES NR YES YES NR NO 3 Problems with statistical analysis

Roy et al. (2009) NR NR NR YES NR NO 1 Second look only in patients who failed to conceive, excluded for outcome second look

Sharma et al. (2006) YES NR NR YES NR NO 2 Fertility analysis described is incomplete; Pregnancy rate in abstract does not correspond to 
rate in full text.

Stocchi et al. (2008) NR NR NR YES NR NO 1 No prospective follow-up; might have included some patients before start of randomization

Takahashi et al. (2007) NR NR NO YES NR YES 2 Randomization of patients not explicitly reported

Talwar et al. (1997) NO NO NO NR NR NO 0 Criteria for clinical diagnosis of ASBO not given

Taskin et al. (1999) YES NR NR NR NR NO 1 Inconsistencies in reported outcomes

Taylor et al. (2010) YES YES NR NO YES NO 3 No prospective follow-up

Tulandi (1986) NR NR NR NR NR NR 0 Overall methodology poorly described

Tulandi and Guralnick (1991) NR NR NR NR NR NR 0 Inconsistencies in reported outcomes

Weerawetwat et al. (2004) NR NR YES NO NR NO 1 Repeat Caesarean section might introduce selection bias

Zareian and Zareian (2006) YES YES NR NO NR NO 2 Repeat Caesarean section might introduce selection bias
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Table 3. Characteristics of trials included in meta-analysis

Study Period Patients Interventions n Outcomes Lost to follow-up per outcome Follow-up in months

Laparoscopy versus laparotomy

Eshuis (2010) 1999–2003 Ileocolic resection for Chrohns disease Laparoscopy 30 ASBO—reoperation 5/60 (8.3%) 68–95

Laparotomy 30

Ng (2009) 1993–2002 Anterior resection for upper rectal cancer Laparoscopy 76 ASBO—reoperation 5/153 (3.3%) 71–168

Laparotomy 77 ASBO—clinical 5/153 (3.3%)

Lundorff (1991 + 1992) 1987–1989 Patients with ectopic pregnancy. Laparoscopy 48 Pregnancy 18/105 (17.1%) 1–36

Laparotomy 57

Takahashi (2007) NR Polycystic ovarian syndrome Laparoscopy 39 Second look 0/76 (0%) 1 week

Laparotomy 37 Pregnancy 0/76 (0%) 12

Peritoneal closure versus no peritoneal closure

Kadanali (1996) 1992–1995 Lymphadenectomy in ovarian cancer Peritoneal closure 50 Second look 0/102 (0%) NR

No peritoneal closure 52

Franchi (1997) 1991–1995 Hysterectomy and pelvic node dissection Peritoneal closure 59 ASBO—reoperation 0/120 (0%) 11–72

No peritoneal closure 61

Malvasi (2009) 2003–2007 Caesarean section Peritoneal closure 54 Second look 0/112 (0%) NR

No peritoneal closure 58

Haemostasis - Laser versus electrocautery

Gurgan (1991) NR Poly Cystic ovarian syndrome Laser 10 Second look 0/17 (0%) 3–4 weeks

Electrocautery (unipolar) 7 Pregnancy 0/17 (0%) 6

Tulandi (1986) NR Periadnexal adhesions Laser 30 Pregnancy 0/63 (0%) NR

Electrocautery (unipolar) 33

Sutures versus Electrocautery

Pellicano (2008) 2004–2005 Ovarian endometrioma Suturing 16 Second look 5/32 (15.6%) 60–90 days

Electrocautery (bipolar) 16

Second look surgery versus no second look surgery

Alborzi (2003) NR Adnexal adhesions Second look 46 Pregnancy 0/90 (0%) 12

No second look 44

Gurgan (1992) NR Poly Cystic ovarian syndrome Second look 19 Pregnancy 0/39 (0%) 6

No second look 20

Various techniques in laparoscopic surgery for polycystic ovarian syndrome

Sharma (2006) NR Poly Cystic ovarian syndrome Unipolar electrocautery 10 Pregnancy 0/20 (0%) NR

Bipolar electrocautery 10

Mercorio (2008) 2002–2006 Poly Cystic ovarian syndrome 12 punctures 96a Second look 12/182a (6,3%) 4–9 weeks

6 punctures 96a 96a

Roy (2009) 2005–2007 Poly Cystic ovarian syndrome Bilateral 22 Pregnancy 0/44 12

 Unilateral 22

Miscellaneous

Pellicano (2005) 2001–2002 Laparoscopic myomectomy Subserous sutures 18 Pregnancy 0/36 12

Figure-eigth sutures 18

Talwar (1997) 1994–1996 Typhoid enteric perforation-type of incision Rutherford–Morrison 27 ASBO 0/56 4–12

Right paramedian 29

NR, not reported;  Randomization unit is ovary
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Table 4. Characteristics of studies included in qualitative assessment

Study Period Patients Interventions n Outcomes Lost to follow-up per outcome Follow-up in months

Laparoscopy versus laparotomy

Lundorff (1991–1993) 1987–1989 Patients with ectopic pregnancy Laparoscopy 48 Second look 32/105 (27.8%) 12 weeks

Laparotomy 57 Pregnancy 18/105 (17.1%) 1–36

Stocchi (2008) NR Ileocolic resection for chrohns disease Laparoscopy 27 ASBO - reoperation 0/27 (0%) 120+38a

Laparotomy 29 0/29 (0%) 132+17a

Taylor (2010) 1996–2002 Colorectal cancer Laparoscopy 526 ASBO - reoperation 246/526 (46.8%) 36

Laparotomy 268 131/268 (48.9%)

Peritoneal closure versus no peritoneal closure

Kapustian (2011) 2004–2007 Caesarean section Peritoneal closure 47 Second look 436/533 (81.8%) NR

No peritoneal closure 50

Komoto (2006) 1995–2000 Caesarean section Peritoneal closure 70 Second look 74/124 (59.7%) NR

No peritoneal closure 54

Weerawetwat (2004) 1987–1991 Caesarean section Peritoneal closure 240 Second Look 295/360 (81.9%) NR

No peritoneal closure 120

Zareian (2006) 1999–2004 Caesarean section Peritoneal closure 24 Second Look 14/45 (31.1%) NR

No peritoneal closure 21

Techniques in Cesarean section

Nabhan (2008) 2002–2007 Caesarean section Pfannenstiel–Kerr 300 Second Look 476/600 (79.3%) NR

Joel–Cohen–Stark 300

Suturing versus no suturing following salpingotomy

Fujishita (2004) 1996–2002 Salpingotomy for ectopic pregnancy Sutures 32 Pregnancy 43/75 (57.3%) 6–65

No sutures 43

Tulandi (1991) NR Salpingotomy for ectopic pregnancy Sutures 19 Second Look 8/19 (42.1%) 24

No sutures 15 8/15 (53.3%)

Taskin (1999) NR Poly Cystic ovarian syndrome Microlaparoscopy 9 Second Look ?/9 2–3 weeks

Laparoscopy 9 ?/9

Randomization unit is ovary. NR; not reported.
Median (range).
a Mean+SD.
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Table 4. Characteristics of studies included in qualitative assessment

Study Period Patients Interventions n Outcomes Lost to follow-up per outcome Follow-up in months

Laparoscopy versus laparotomy

Lundorff (1991–1993) 1987–1989 Patients with ectopic pregnancy Laparoscopy 48 Second look 32/105 (27.8%) 12 weeks

Laparotomy 57 Pregnancy 18/105 (17.1%) 1–36

Stocchi (2008) NR Ileocolic resection for chrohns disease Laparoscopy 27 ASBO - reoperation 0/27 (0%) 120+38a

Laparotomy 29 0/29 (0%) 132+17a

Taylor (2010) 1996–2002 Colorectal cancer Laparoscopy 526 ASBO - reoperation 246/526 (46.8%) 36

Laparotomy 268 131/268 (48.9%)

Peritoneal closure versus no peritoneal closure

Kapustian (2011) 2004–2007 Caesarean section Peritoneal closure 47 Second look 436/533 (81.8%) NR

No peritoneal closure 50

Komoto (2006) 1995–2000 Caesarean section Peritoneal closure 70 Second look 74/124 (59.7%) NR

No peritoneal closure 54

Weerawetwat (2004) 1987–1991 Caesarean section Peritoneal closure 240 Second Look 295/360 (81.9%) NR

No peritoneal closure 120

Zareian (2006) 1999–2004 Caesarean section Peritoneal closure 24 Second Look 14/45 (31.1%) NR

No peritoneal closure 21

Techniques in Cesarean section

Nabhan (2008) 2002–2007 Caesarean section Pfannenstiel–Kerr 300 Second Look 476/600 (79.3%) NR

Joel–Cohen–Stark 300

Suturing versus no suturing following salpingotomy

Fujishita (2004) 1996–2002 Salpingotomy for ectopic pregnancy Sutures 32 Pregnancy 43/75 (57.3%) 6–65

No sutures 43

Tulandi (1991) NR Salpingotomy for ectopic pregnancy Sutures 19 Second Look 8/19 (42.1%) 24

No sutures 15 8/15 (53.3%)

Taskin (1999) NR Poly Cystic ovarian syndrome Microlaparoscopy 9 Second Look ?/9 2–3 weeks

Laparoscopy 9 ?/9

Randomization unit is ovary. NR; not reported.
Median (range).
a Mean+SD.
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methods, lack of observer blinding and lack of power analysis. Ten studies had high rates 
of withdrawals and dropouts or gave no explanation for loss to followup. Eight of these 
had rates of patients lost to follow-up varying between 31.1 and 81.9%; five of these 
studies addressed Caesarean section. Two further confounders were detected that might 
have influenced the validity of the outcome parameters. In five studies, second look was 
performed by a repeat Caesarean section. This might have introduced a selection bias 
at the second-look operation, because patients who develop periadnexal adhesions have 
more difficulty conceiving a second time. Three studies with pregnancy as an outcome 
parameter described no or incomplete fertility assessment of patient and partner. Of 
the 28 papers, 17 were included in the meta-analysis (see Table 3 for characteristics). 
The remaining 11 papers were excluded from meta-analysis because of inconsistency 
in data or inadequate follow-up. Two papers had inconsistencies in the presented data, 
which could not be resolved via email contact with the authors (Tulandi and Guralnick, 
1991; Taskin et al., 1999). In two papers, the incidence of small bowel obstruction was 
established using retrospective data from operative notes (Stocchi et al., 2008; Taylor 
et al.,2010) In the remaining papers more than 20% of patients did not return for the 
second-look operation (Table 4). All 27 studies were published between 1986 and 2010 

Figure 2 Summary of meta-analysis presenting relative ratio with CI for primary outcomes per comparison of techniques.

Figure 2. Summary of meta-analysis presenting relative ratio with CI for primary outcomes per comparison of techniques
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and addressed different topics of surgical technique. There were 23 studies performed 
in patients undergoing gynaecological surgery and four studies in patients undergoing 
general abdominal surgery. Five topics of surgical technique were studied in more than 
one study; closure of the parietal peritoneum (seven papers), laparoscopy or laparotomy 
(six papers), use of laser during surgery (two papers) and suturing following salpingotomy 
(two papers). Two studies in women with acquired infertility compared fertility rates after 
single stage fertility surgery versus fertility surgery with a second-look laparoscopy. Other 
topics were the technique used for Caesarean section, the use of sutures in comparison 
to electrocautery to achieve haemostasis, two suturing techniques in laparoscopic 
myomectomy, two suturing methods following salpingotomy, the type of incision in the 
operative treatment of bowel perforation and a variety of techniques for laparoscopic 
ovarian drilling in patients with polycystic ovarian syndrome. Median sample size was 75 
(range: 17–794).

Outcomes
Results from the meta-analysis are summarized in Fig. 2. Results per comparison and the 
results from qualitative assessment of the 11 papers not suitable for meta-analysis are 
described in detail below.

Laparoscopy versus laparotomy
Six papers were published comparing adhesion formation between laparoscopy and 
laparotomy. Four studies of patients undergoing bowel resection reported on ASBO 
as secondary end-point and thus were not powered for ASBO. Two trials assessing 
incidence of ASBO were suitable for meta-analysis (Ng et al., 2009; Eshuis et al., 2010). 
The incidence of ASBO confirmed by surgery was not significantly different between 
patients undergoing laparoscopy or laparotomy (RR 0.14; 0.02–1.12; P < 0.06). Ng et al. 
(2009) additionally reported the incidence of clinical suspicion of ASBO, which was lower 
in patients undergoing laparoscopy (RR 0.14; 95% CI: 0.03– 0.61; P < 0.008). Two trials 
compared pregnancy rate following laparoscopic or open surgery (Lundorff et al., 1992; 
Takahashi et al., 2007). The results were highly heterogeneous (I². 72%). Using a random 
effects model, there was no significant difference in clinical pregnancy rate (RR 1.28; 95% 
CI: 0.94–1.74; P < 0.12). There was also no significant difference in live births in one study 
(RR 0.88; 95% CI: 0.40–1.90; Lundorff et al., 1992a, b). Adhesions at second look were 
found in 1/39 patients (2.6%) after laparoscopy, compared with 30/37 patients (81.1%) 
after open gynaecological surgery (RR 0.03; 95% CI: 0.00– 0.22; P < 0.001) in one trial 
(Takahashi et al., 2007). Two studies analysed the incidence of ASBO retrospectively in 
cohorts previously randomized between laparoscopic or open colorectal surgery. Taylor 
et al., (2010) found no significant difference in the incidence of ASBO between patients 
operated laparoscopically or by open surgery (7/280; 2.5% versus 4/131; 3.1%; P=0.749). 
In the study of Stocchi et al. (2008) 2/27 patients in the laparoscopic group versus 0/29 
patients in the open group required re-operation for ASBO (P = 0.23).
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The study of Lundorff et al. (1991) was excluded for meta-analysis on the outcome 
incidence of adhesions because 27.8% of randomized patients did not return for a second 
look laparoscopy. In this study, the incidence of adhesions was 18/31 (58.1%) following 
laparoscopic and 33/42 (78.6%) following open surgery, but this difference was not 
significant (P =0.08). 

Peritoneal closure 
Seven of the included studies compared adhesion formation after peritoneal closure or 
non-closure of the peritoneum. Three trials were eligible for meta-analysis (Kadanali 
et al., 1996; Franchi et al., 1997; Malvasi et al., 2009). One high-quality trial studied the 
incidence of ASBO following hysterectomy and pelvic node dissection in 120 patients. 
Only one patient in the non-closure group was re-operated for ASBO, with the adhesive 
band found at the plane of the pelvic node dissection. The difference was not significant 
(2.95; 95% CI: 0.12–73.9; P =0.51; Franchi et al., 1997). The incidence of adhesions was 
significantly lower when the peritoneum was left open in one trial (RR 0.36; 95% CI: 0.21 
– 0.63; P < 0.001; Malvasi et al., 2009). The adhesion score was significantly lower in a 
high-quality trial in patients with ovarian cancer, when the peritoneum was not closed 9.1 
+ 2.8 versus 6.1 + 2.4; SMD 21.14 (95% CI: 21.56, 20.72; P < 0.001; Kadanali et al., 1996). 

Four studies investigating adhesion formation after closure or non- closure of the 
peritoneum in Caesarean section were excluded from meta-analysis because only a small 
portion of patients returned for a second operation with evaluation of adhesion formation 
(Weerawetwat et al., 2004; Komoto et al., 2006; Zareian and Zareian, 2006; Kapustian et 
al., 2011). The results from these studies were highly heterogeneous (I² 67%) and a mean 
of 77.1% of patients were lost to follow-up. No conclusions could be drawn from these 
studies on the incidence of adhesions after closure or non-closure of the peritoneum (RR 
1.02; 95% CI: 0.43–2.40; P = 0.97). 

Two techniques of Caesarean section 
The study of Nabhan et al. on Caesarean section was separately analysed because the 
operative technique between the experimental and control group differed on more aspects 
than peritoneal closure alone. This study was not suitable for meta-analysis because 
79.3% of patients were lost to follow-up (Nabhan, 2008). In the standard tech- nique 
control group, Caesarean section was performed using the traditional Pfannenstiel–Kerr 
technique, making a bladder flap and closing the peritoneum. In the modified technique 
group, the Joel–Cohen– Stark technique (based on the Misgav Ladach technique) was 
used, without making a bladder flap and without closing the peritoneum. The incidence 
of adhesions was significantly lower in the modified technique group (11.3 versus 35.5%; 
P=0.003; Nabhan, 2008). Obviously, this reduction cannot solely be attributed to 
peritoneal non-closure. 
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Two trials compared pregnancy rates between patients treated with laser and patients 
treated with unipolar electrocautery (Tulandi, 1986; Gurgan et al., 1991). Gurgan et 
al. randomized between electro-cautery and ND:YAG laser in 17 patients and Tulandi 
et al. randomized 63 patients between CO2-laser and electrocautery. There were no 
differences in pregnancy rate using laser devices compared with electrocautery (RR 0.93; 
95% CI: 0.62 – 2.21.371; P = 0.70). No information could be obtained on the number of 
live births follow- ing conception. All patients who conceived in the trial of Gurgan et al. 
(1991) had intrauterine pregnancies. Three of the pregnancies in the trial of Tulandi (1986) 
were ectopic, two in the diathermy group and one in the laser group; the difference was 
not significant. Gurgan et al. (1991) additionally found no difference in the incidence of 
adhesions during a second look laparoscopy (RR 0.93; 95% CI: 0.62–1.44; P =0.75). 

Pellicano et al. (2008) randomized 32 women undergoing surgery for ovarian 
endometrioma. Haemostasis was achieved by intra-ovarian suturing with only light 
additional coagulation if necessary or by using bipolar coagulation only. The adhesion 
score, expressed by the Ameri- can Society for Reproductive Medicine score, was 
significantly lower in the suturing group at a second look, 5.4+2.1 versus 10.3+2.9 (SMD 
21.87; 95% CI: 22.79, 20.94; P <0.001). The incidence of adhesions was not significantly 
different (RR 0.54; 95% CI: 0.21– 1.37; P = 0.19; Pellicano et al., 2008). 

Second-look fertility surgery
Two trials in fertility surgery compared pregnancy rates between patient undergoing 
single-stage fertility surgery and patients who had a second-look laparoscopy (Gurgan et 
al., 1992; Alborzi et al., 2003) There were 129 patients randomized and there was no loss to 
follow-up. The pregnancy rate was 22/65 (33.8%) in  patients with a second-look surgery 
compared with 30/64 (46.9%) after single- stage surgery (RR 0.73; 95% CI: 0.48 – 1.11; P= 
0.14). In the trial of Alborzi et al. (2003) the number of live births was 11/46 (23.9%) in the 
second-look group, compared with 15/44 (34.1%) in the single- stage surgery group (RR 
0.55; 95% CI: 0.30 – 1.03; P= 0.06).

Suturing in salpingotomy
Two studies analysing pregnancy rates after suturing or no suturing following salpingotomy 
were included in the qualitative assessment. Fujishita et al. analysed the pregnancy rate 
in 32 patients with a pregnancy desire. In the group without suturing, 15/19 (78.9%) 
conceived, compared with 12/13 (92.3%) in the group with suturing after the salpingotomy. 
The difference was not significant (P =0.27; Fujishita et al., 2004). The number of live births 
was not reported. Tulandi and Guralnik (1991) reported the intrauterine pregnancy rate 
after randomizing 34 patients to salpingotomy with or without suturing. The reported 
2-year pregnancy rate was 45% in the nonsuturing group and 47% in the suturing group.
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Laparoscopic ovarian drilling
Three trials addressed distinct aspects of laparoscopic ovarian drilling in patients with 
polycystic ovarian syndrome. The clinical pregnancy rate was comparable in one study 
randomizing 44 patients between unilateral and bilateral treatment (RR 1.00; 0.52, 1.91; 
P= 1.00); in both groups 10/22 patients became pregnant. The number of live births was 
8/22 in the unilateral group and 9/22 in the  bilateral group (RR 0.89; 95% CI: 0.42 – 1.88; 
P =0.74; Roy et al., 2009).

Sharma et al. studied the pregnancy rate following laparoscopic ovarian drilling after 
randomizing between bipolar or unipolar electrocautery in 20 patients. In the bipolar 
group  7/10 (70%) patients conceived, compared with 5/10 (50%) in the unipolar group (RR 
1.40; 95% CI: 0.67, 2.94; P= 0.37). The number of live births was four in the unipolar group 
and was not reported for the bipolar group, thus comparison was not possible (Sharma et 
al., 2006). Mercorio et al. randomized the right and left ovaries to 6 or 12 puncture holes in 
90 women undergoing bilateral ovarian drilling using a unipolar electrocautery technique. 
The site-specific incidence of adhesions was 41/90 or 42/90, respectively, after 6 or 12 
punctures (RR 0.98; 95% CI: 0.71 – 1.34; P= 0.88; Mercorio et al., 2008).

Miscellaneous
Pellicano et al. compared two techniques of suturing in patient under- going laparoscopic 
myomectomy. Subserous suturing was done with a first deep uterine crossing of the 
suture and a second subserous transfixation of the knot. This was compared with deep 
figure of eight suturing as the standard treatment (Pellicano et al., 2005). Both suturing 
methods where tested among two groups, one with and one without additional use 
of an anti-adhesive hyaluronic acid gel. A trend towards a higher pregnancy rate was 
demonstrated for the subserous sutures in both the anti-adhesive gel group and the group 
without adhesion barrier. Clinical pregnancy rate was significantly higher when comparing 
subserous sutures (14/18; 77.8%) to standard sutures (7/18; 38.9%) when analysing the 
adhesion barrier and non-barrier groups together (RR 2.56; 95% CI: 1.11, 5.87; P =0.03). 
The number of live births was not reported.

Talwar et al. (1997) analysed the incidence of ASBO in 56 patients with small bowel 
perforation in enteric fever, comparing a right para- median incision to a Rutherford – 
Morrison incision. The Rutherford – Morrison incision is a right iliac incision similar to the 
muscle splitting incision used for appendectomy except that all muscle fibres are cut in 
the same line. In both groups, one patient required re-operation for ASBO (RR 1.07; 95% 
CI: 0.7 – 16.33; P =0.96). Clinically suspected ASBO could not be analysed because the 
methods of follow-up and criteria for clinical diagnosis of ASBO were not reported.
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DISCUSSION

Summary of evidence
Surgical techniques aiming to reduce adhesion formation included a large variety of 
technical aspects. None of the different techniques or approaches evidently showed a 
reduction of the main adhesion- related complications ASBO and infertility. The incidence 
of ASBO, established by re-operation, was not significantly different in any comparison. 
The clinical suspicion of ASBO was lower following laparoscopy compared with open 
surgery in one study. The incidence of adhesions was lower following laparoscopy than 
laparotomy and when the peritoneum was left open compared with peritoneal closure. 
However, the evidence for a lower incidence of adhesions was limited to a single small 
RCT and conflicting results were found in the qualitative assessment of lower quality 
studies. The pregnancy rate was significantly higher in one study after subserous fixation 
of sutures compared with standard sutures in a small low-quality RCT.

Strengths and limitations of the review
The present study is the first systematic review and meta-analysis of the impact of different 
surgical techniques on adhesion formation. The available evidence is predominantly from 
surgery of gynaecologic origin, particularly related to fertility (Metwally et al., 2006; 
Ahmad et al., 2008). This type of surgery is often chosen in adhesion prevention research, 
because of the historical awareness of the adhesion problem within the European and the 
American fertility societies, and because the surgery includes a second-look procedure 
and prevention of local adhesion (re)formation  corresponds  with clinical success (1988; 
diZerega, 1993; Marana et al., 1995; Nappi et al., 2007).

The failure to demonstrate an effect on a relevant clinical end-point such as ASBO and 
pregnancy in this meta-analysis has several causes. Most studies were designed to detect 
a difference in adhesion incidence or score. Studies with an end-point ASBO or pregnancy 
included a too small numbers of patients to draw meaningful conclusions. Particularly in 
gynaecological studies, a substantial portion of patients were lost to follow-up decreasing 
the number of evaluable patients. The feasibility of showing a difference in ASBO and 
pregnancy rates in adhesions prevention studies is a subject of debate because of the 
multifactorial genesis of these end-points (Diamond et al., 2010). There is a doubt about 
the possibility, even in studies investigating anti-adhesive agents, of including sufficient 
numbers of patients in a short period of time and with long enough follow-up to show a 
significant effect on these clinical end-points. Taking into account the small contribution of 
some technical aspects  to  the total adhesion formation following intraperitoneal surgery, 
it is not expected that one element of surgery will influence the incidence of ASBO and 
pregnancy rates. One single adhesive band may still cause a bowel obstruction.
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There is some evidence from adhesion barrier studies, that reducing the incidence of 
adhesions results in a lower incidence of adhesion- related complications (Sawada et al., 
2000; Fazio et al., 2006). The outcome extent and severity of adhesions is more difficult 
to interpret because, unlike a reduction of incidence, reduction of extent and severity 
does not eliminate the risk of adhesion-related infertility or ASBO. However, patients 
undergoing repeated abdominal surgery might benefit from a reduction of extent and 
severity. High tenacity is traditionally recognized as a risk factor for organ damage during 
adhesiolysis (Zuhlke et al., 1990). In a recent prospective cohort of ventral hernia repairs, 
adhesiolysis time as an indicator of adhesion extent and tenacity was a strong predictor 
for the risk of enterotomy and complex adhesiolysis had a significant effect on morbidity 
and medication costs (ten Broek et al., 2011). Unpublished data from a large RCT revealed 
that every 30 min of adhesiolysis was correlated to an increase in hospital stay with 1 day 
(Fazio et al., 2006). Thus, al- though considered secondary end-points in this review, the 
reduction of extent and tenacity of adhesions can be of importance especially in repeated 
abdominal surgery.

A large number of studies had difficulty in achieving a complete follow-up. As many as nine 
studies were excluded from meta-analysis because of an inadequate follow-up. Especially, 
the repeat Caesarean section model seems prone to high numbers of patients lost to 
follow- up (Weerawetwat et al., 2004; Komoto et al., 2006; Zareian and Zareian, 2006; 
Nabhan, 2008; Kapustian et al., 2011). Further, the choice of a repeat Caesarean section 
as a second-look procedure to study peritoneal closure bears the risk of selection bias 
towards patients with fewer adhesions because they have a higher chance of becoming 
pregnant again. Such study design also leads to a large variation in the follow-up period, 
as the timing of the next pregnancy and the need for another Caesarean section are 
unpredictable.

Two trials reported inconsistent statistics. These were conducted many years ago and an 
attempt to obtain raw data by email and telephone contacts unfortunately failed (Tulandi 
and Guralnick, 1991; Taskin et al., 1999).

Comparison with previous research
The reduction in adhesion extent and severity by limited electrocoagulation, subserous 
suture fixation and non-closure of the peritoneum emphasizes the importance of 
limiting peritoneal ischaemia and foreign body material in surgery (Kadanali et al., 1996; 
Pellicano et al., 2003, 2008). These findings concord with histology results of peritoneal 
biopsies showing foreign body and ischaemia induce adhe- sion formation in animal 
and human studies (Luijendijk et al., 1996; Lim et al., 2009; Binnebosel et al., 2011). We 
recently demonstrated a larger peritoneal ischaemic response following electrocautery 
in comparison to ultrasonic dissection, illustrating the adhesiogenic potential of heat 
application (ten Broek et al., 2010). Taking down adhesions using electrocautery causes 
more bowel injury than with the harmonic scalpel in humans (Swank et al., 2003).
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Non-closure of the peritoneum reduced adhesion formation in this meta-analysis 
confirming consistent findings of animal experiments (Kapur et al., 1979; Kyzer et al., 1986; 
Parulkar et al., 1986). In the qualitative assessment of lower quality studies, adhesion 
reduction was not evident when the peritoneal layer was not sutured separately (Kyzer 
et al., 1986; Parulkar et al., 1986; Weerawetwat et al., 2004; Komoto et al., 2006; Zareian 
and Zareian, 2006; Kapustian et al., 2011). The substantial loss of follow-up, the significant 
heterogeneity and the predominance of repeat Caesarean sections in the low-quality 
studies, may have contributed to the discrepancies in study outcomes. Traditionally, 
closure of the peritoneum has been considered the technique of choice to reduce short-
term complications and to minimize adhesion formation (Duffy and diZerega, 1994). 
Contrastingly, current guidelines suggest that non-closure might be more favourable in 
terms of short-term complications, recovery and adhesion formation (Royal College of 
Obstetricians and Gynecologists, 2002; National Institute of Clinical Excellence, 2004). A 
Cochrane review studying short-term complications and recovery after Caesarean section 
found no difference between closure and non-closure of the peritoneum (Bamigboye and 
Hofmeyr, 2009). A recent large RCT of Caesarean sections also demonstrated no difference 
in short-term complications. Long-term follow-up results are still awaited (CAESAR study 
collaborative group,  2010).  Six RCTs addressing peritoneal closure in general surgery and 
following hysterectomy have demonstrated a similar incidence of incisional hernia after 
closure or non-closure of the peritoneum (Ellis and Heddle, 1977; McFadden and Peacock, 
1983; Gilbert et al., 1987; Hugh et al., 1990; Than et al., 1994; Lips- comb et al., 1996). 
Summarizing the results of suturing or not suturing the peritoneum in Caesarean section, 
both techniques seem accept-able considering short-term  complications  but  non-closure  
might decrease incidence of adhesions.

Laparoscopy was found to be favourable in randomized trials on the outcomes, incidence 
of adhesions and pregnancy rate. However, the studies in the qualitative assessment 
showed conflicting results (Lundorff et al., 1991, 1992; Takahashi et al., 2007). In a large 
pivotal demographic study, laparoscopy failed to demonstrate a beneficial effect on 
morbidity related to adhesions in gynaecological patients (Lower et al., 2004). Also no 
beneficial effect was found in a 3-year follow-up study in patients who were randomized to 
laparoscopic or open colorectal surgery (Taylor et al., 2010). In contrast, most animal data 
show a decrease in adhesion formation after laparoscopy compared with open surgery 
and observational human studies also demonstrate lower adhesiogenicity following 
laparoscopy (Marana et al., 1994; Levrant et al., 1997; Chen et al., 1998; Krahenbuhl et al., 
1998; Audebert and Gomel, 2000; Milingos et al., 2000; Polymeneas et al., 2001; Hiki et 
al., 2006). The question is why are adhesions not more effectively prevented despite the 
strong concept of minimal invasive surgery inducing less tissue damage and thus a lower 
risk of adhesion formation. A number of factors might explain the lack of dif- ference 
between laparoscopic and open surgery. First, an abdominal incision is often needed 
after a laparoscopic procedure to extract the specimen by an open approach. Secondly, 
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the extent of serosal wound surfaces is comparable between open and laparoscopic 
procedures. Thirdly, the CO2 pneumoperitoneum, the higher intra-abdominal pressure 
and the light of the laparoscope being associated with peritoneal ischaemia, decreased 
fibrinolysis and increased adhesion formation (Binda et al., 2003; Brokelman et al., 2006). 
Fourth, the pneumoperitoneum potentially injures the whole periton- eal surface inducing 
adhesion formation at remote areas. More meticulous dissection and haemostasis, no 
retraction of the abdominal wall and no use of gauzes in the peritoneal cavity in laparoscopic 
surgery counterbalance the drawbacks mentioned. The net effect on adhesion formation 
and related morbidity is unknown and may only become apparent from a well-designed 
prospective RCT with adhesion formation as a primary outcome.

Implications for future research
The poor quality of RCT’s and the limited number of eligible patients illustrate the main 
difficulty in clinical adhesion research, e.g. the execution of a planned second-look 
operation, which is the gold standard for assessment of the incidence and severity of 
adhesions. The number of planned second procedures has declined over recent years in 
both female patients who undergo planned second-look laparoscopy following fertility 
surgery and patients who are scheduled for a two-stage colorectal surgery with planned 
enterostomy take down. Second-look laparoscopy itself has no beneficial effect on 
fertility outcome, as confirmed in this meta-analysis, and in vitro fertilization is more 
widely available as an alternative treatment (Gurgan et al., 1992; Alborzi et al., 2003; 
Hammoud et al., 2009). Improved medical treatment for Crohns disease and ulcerative 
colitis has significantly reduced the number of surgeries and thereby the number of 
planned enterostomy take downs during which adhesions can be scored (Mowat et al., 
2011).

The declining number of planned second procedures is a challenge for future research 
in adhesion prevention. Visceral slide and cine-MRI are non-invasive adhesion detection 
techniques that have the potential to replace a second-look operation (Zinther et al., 
2010). Cine-MRI especially holds promise identifying both adhesions to the abdominal 
wall and between abdominal viscera (Lienemann et al., 2000; Kirchhoff et al., 2010).

Implications for clinical practice
None of the different techniques had a major impact on adhesion- related complications. 
This meta-analysis provides little evidence that less invasive techniques, less foreign body 
material and less ischae- mic injury reduce the extent and severity of adhesions in humans. 
The total prevention of adhesion formation is the only means to prevent an adhesion-related 
complication. It is not expected that optimal surgical technique alone will achieve this goal, 
based on the inevitable peritoneal injury inflicted by any type of surgery. As a consequence, 
there continues to be a need for anti-adhesion barriers and  agents  in open and laparoscopic 
surgery (Diamond, 1996; diZerega et  al., 2002; Fazio et al., 2006; Metwally et al., 2006).
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ABSTRACT
Postoperative adhesions are the most frequent complication of peritoneal surgery, causing 
small bowel obstruction, female infertility and chronic pain. This pilot study assessed the 
efficacy of a sprayable polyethylene glycol (PEG) barrier in the prevention of de novo 
adhesions. 16 patients undergoing laparoscopic gynecological surgery were randomly 
assigned by shuffled sealed envelopes to receive either the adhesion barrier or no adhesion 
prevention. Incidence and severity of adhesions were scored at eight sites in the pelvis and 
reassessed by second look laparoscopy. Adhesion prevention was considered successful if 
no de novo adhesion were found at second look laparoscopy. One patient was excluded 
before randomization. Nine patients were randomized to treatment and six patients 
to control group. De novo adhesions were found in 0/9 patients who received the PEG 
barrier compared to 4/6 without adhesion prevention (0% vs. 67%, P=0.01). Reduction in 
adhesion score was significantly greater in patients receiving PEG barrier (−2.6 vs. −0.06, 
P=0.03). Meta-analysis of three randomized trials demonstrated that PEG barrier reduces 
the incidence of adhesions (odds ratio [OR]= 0.27; 95% CI 0.11–0.67). From this study, PEG 
barrier seems effective in reducing postoperative formation of de novo adhesions.
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BACKGROUND
Adhesions develop after gynecological surgery in the pelvic cavity in almost all cases and 
cause significant morbidity [1]. In a large population-based study of gynecological pelvic 
surgery, the readmission rate directly or probably related to adhesions was 13.9%, and the 
introduction of less invasive techniques, such as laparoscopy, did not seem to reduce this 
adhesion related morbidity [2]. The incidence of adhesive small bowel obstruction (ASBO) 
after oncologic gynecological surgery is about 11% [3]. Adhesions are the leading cause 
of secondary female infertility worldwide [4, 5], and an important cause of chronic pelvic 
pain [6, 7]. In addition, adhesiolysis during reoperation is time-consuming and exposes the 
patient to the risk of unintended injury such as enterotomy [1, 8].

Adhesion barriers or anti-adhesive agents are needed because refinements in surgical 
techniques do not seem to be sufficient in reducing adhesion-related morbidity. Several 
products have come to the market ranging from membranes for selective coverage of 
injured peritoneal areas to liquids for broad nonspecific coverage. An important drawback 
of the available membranous adhesions barriers is the difficulty of handling them during 
laparoscopic procedures. Alternatives to membranes for laparoscopic use are sprays that are 
easily applied intraperitoneally through trocars at sites that need to be covered. Recently, a 
sprayable polyethylene glycol (PEG) anti-adhesion barrier was developed for anti-adhesive 
pur- poses (SprayGel; Confluent Surgical Inc., Waltham, MA). The PEG adhesion barrier 
consists of two liquid precursor solutions that quickly react to form a hydrogel after being 
sprayed and mixed in the abdomen. One of the precursors contains a small concentration of 
methylene blue allowing visualization of the area covered and the thickness of the hydrogel 
layer during laparoscopy. The hydrogel is biodegradable and physically separates the injured 
peritoneal sites in order to promote adhesion free peritoneal regeneration.

The PEG anti-adhesion spray proved to be effective in rodent and porcine models with 75% 
reduction of the incidence of adhesions in a rat cecal abrasion model and 60% reduction 
in a porcine uterine horn model [9, 10]. Four human randomized controlled trials (RCTs) 
have been performed: two in patients undergoing laparoscopic or open myomectomy and 
two in patients undergoing loop ileostomy closure [11–14]. No RCT has included patients 
undergoing laparoscopic surgery alone, and all RCTs included a specific group of patients 
rather than investigating the various common types of laparoscopic benign gynecological 
surgery. The use of PEG spray was correlated with a reduction in extend and tenacity of 
adhesions in these RCTs. However, reductions in adhesion incidence — in contrast to 
reduction in adhesion extend or tenacity — is particularly important for predicting the value 
of an anti- adhesive product reducing ASBO and unintended organ injury during adhesiolysis. 
We undertook a small prospective randomized controlled study to evaluate the PEG spray on 
adhesion formation in women undergoing common laparoscopic gynecological procedures. 
In addition, we performed a meta-analysis of reported studies, including the present one, 
focusing on the efficacy of PEG spray in reducing the incidence of adhesions.
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MATERIALS AND METHODS
The study was a randomized single-blinded (patient) study. Patients who were scheduled 
for laparoscopic treatment of benign gynecologic disease involving ovaries, pelvic side- 
walls, fallopian tubes or uterus were assessed for eligibility between September 2002 and 
March 2004. Inclusion criteria were as follows: age ≥18 years; the patient might benefit 
from and agrees to return for second look laparoscopy (SLL); and the patient agrees to use 
contraception until SLL was conducted.

Pregnant and lactating patients were excluded, as well as patients with known or 
suspected malignancy. Peroperative exclusion criteria were endometriosis classified as 
stage IV, using the Revised American Society for Reproductive Medicine Classification of 
Endometriosis scoring system and if complete adhesiolysis was not possible [15].
 
At the end of index laparoscopic surgery and before removal of all instruments, patients 
were randomly assigned — via shuffled sealed envelopes — to treatment with PEG or 
no treatment groups. The PEG barrier was sprayed at all sites of surgical injury with the 
potential for adhesion formation. SLL was planned to evaluate adhesion formation. The 
surgeon performing SLL was blinded for the treatment group. 

The study protocol was approved by the local Medical Ethical Committee and designed 
according to the ethical considerations described in the revised version of the Declaration 
of Helsinki (October 2008, Seoul). All patients gave written informed consent. The study 
was investigator- driven. PEG was kindly donated by Confluent, Surgical Inc (Waltham, 
MA, USA). The trial was registered at clinical trials.gov with identifier: NCT01187680. 

Table 1. Local Adhesion Barrier Scoring (LABS) system

Tenacity Extend Score

None None (0% covered) 0

Mild Localized (<33% covered) 1

Mild Moderate (33–67% covered) 2

Mild Extensive (>67% covered) 4

Severe Localized (<33% covered) 4

Severe Moderate (33–67% covered) 8

Severe Extensive (>67% covered) 16
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Adhesion scoring 
The incidence of patients with and without any adhesion was assessed in both initial and 
second look laparoscopies. All surgical procedures were performed by the same surgeons 
(EB and HV). Adhesions at SLL were classified as de novo adhesions or reformed adhesions. 
De novo adhesions are adhesions that are newly formed following the first laparoscopy at 
sites without any former adhesions. Reformed adhesions are adhesions that formed at the 
sites of adhesiolysis during the first laparoscopy [16]. 

Adhesions were graded using the Local Adhesion Barrier Scoring System (LABS) score, 
based on the modified version of the American Fertility Society score system [17]. The 
LABS is an integrated score system comprising the adhesion’s morphology and extend of 
the site covered with adhesions (Table 1). The LABS score differs from the modified version 
of the American Fertility Society score system; adhesions are scored at a lower number 
of sites that are more specific to gynecologic surgery. Adhesions were systematically 
evaluated for incidence and LABS score at eight sites: both left and right tubes, ovaries 
and pelvic sidewall and the anterior and posterior uterus. For each patient, the total LABS 
score was calculated as the mean of LABS scores at these eight separate locations.

All patients were treated in day care. Postoperatively, patients were controlled for 
temperature, pain, hemodynamic changes and signs of bleeding in the recovery area. 

Outcomes 
The primary outcome for this pilot study was the number of patients with de novo 
adhesions. Secondary outcomes were change in the number of sites covered with 
adhesions and change in LABS adhesion score. The number of patients with any adhesions 
is the most preferable outcome of adhesion prevention studies. However, as the sample 
size of this pilot study would be inadequate to provide in sufficient power on this outcome, 
we addressed this outcome in meta-analysis of systematically searched studies on PEG 
adhesion barrier.

Power analysis 
Based on animal studies, the incidence of de novo adhesions was estimated at 30% in the 
PEG group and 90% in the control group [10]. Fourteen patients in each arm of the study 
were needed to detect such difference with 80% power and 5% two-tailed significance 
threshold at 1:1 randomization. Accounting for loss to follow-up, a mini- mum of 30 
patients were to be randomized.

Statistical analysis 
All statistical tests performed were two-tailed with significance was determined at the 5% level. 
Unpaired t-test was used for the testing of continuous data and Fisher’s exact test for dichotomous 
data. All statistical analyses were performed using SPSS 16.0.2 (SPSS inc., Chicago, ILL). 
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Table 2. Baseline characteristics

PEG Control P value

Number of randomized patients 9 6

Age 30.1±5.7a 34.5±4.3a 0.12

Type	of	surgical	procedures	performed

 Adhesiolysis 8 (89%) 5 (83%) >0.99

 Salpingotomy/salpingectomy 4 (44%) 2 (33%) >0.99

 Cystectomy 2 (22%) 3 (50%) 0.33

 Laparotomy 0/9 (0%) 0/6 (0%) >0.99

 Laparoscopy 5/9 (56%) 5/6 (83%) 0.58

Positive Chlamydia serology 4/9 (44%) 1/6(17%) 0.58

Smoker 1/9 (11%) 0/6 (0%) >0.99

Completed SLL 9 (100%) 6 (100%) >0.99

a Mean±SD

Table 3. Adhesions at initial laparoscopy

PEG Control P value

Patients with any adhesion 8/9 (89%) 5/6 (83%) >0.99

Adhesion sites 5.1±2.3a 3±2.2a 0.10

LABS score (mean) 3.7±2.8a 2.4±3.0a 0.44

• Left ovary 5.1±4.9 2.0±3.3 0.17

• Right ovary 5.8±6.0 4.0±6.2 0.59

• Left fallopian tube 6.4±5.8 2.0±3.3 0.08

• Right fallopian tube 6.2±5.7 3.5+6.3 0.42

• Left pelvic side wall 3.3±3.2 1.3±3.3 0.27

• Right pelvic side wall 1.6±2.8 4.3±6.5 0.36

• Anterior uterus 0.2±0.7 0.0±0.0 0.35

• Posterior uterus 1.2±1.7 2.7±2.1 0.19

Time of surgery (min) 151.9±29.5a 146.7±47.8a 0.82

Time to SLL (days) 27.9±11.5a 28.0±17.6a >0.99

SLL: second look laparscopy
a Mean±SD
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Meta-analysis 
A comprehensive search of Pubmed and Embase search was performed on July 1, 2011 to 
identify papers published in peer-reviewed journals from RCTs in surgical or gynaecological 
patients for the intervention with PEG and outcome adhesions. In Pubmed, randomized trials 
were identified via the Cochrane Highly Sensitive Search Strategy for identifying randomized 
trials (sensitivity- and precision- maximizing version) [18]. We selected randomized trials in 
Embase using the top performing search strategy (minimizing difference between sensitivity 
and specificity version) described by Wong et al. [19]. Relevant RCTs were searched for data 
on the number of patients with any adhesions. The incidence of adhesions was expressed 
in odds ratio (OR) for meta-analysis. A fixed-effects model was applied for meta-analysis. 
In the presence of significant heterogeneity, the random-effects model was applied. 
Heterogeneity was tested with Cochrane Q-test and I2 test. An I2 value ≥50% or P value 
<0.05 was considered significant. Meta- analysis was carried out using Review Manager 5.0 
(The Cochrane Collaboration, Copenhagen, Denmark). 

End of study 
The study was prematurely ended due to financial and organizational reasons. During the 
conduct of the study, the clinical trial insurance unexpectedly required a separate fee for 
both laparoscopic procedures in each patient.

RESULTS
A total of 16 eligible patients gave informed consent. Fifteen underwent successful 
laparoscopic gynecological or fertility surgery and were randomized. One patient had 
severe pelvic adhesions that could not be lysed completely and was excluded before 
randomization. There were no significant differences between the PEG and control group 
at index laparoscopy in age, type of surgical procedure, history of prior surgery, Chlamydia 
serology and smoking status at baseline (Table 2). Adhesiolysis was performed in 14 
patients.

At index laparoscopy, there was a non-significant trend towards more sites covered with 
adhesions (5.1 ± 2.3 vs. 3 ± 2.2; P=0.10) and higher LABS score (3.7±2.8 vs. 2.4±3.0; P 
= 0.40) in the PEG group (Table 3). Time of surgery was comparable between the PEG 
and control group at index laparoscopy. Time period between initial and second look 
laparoscopies was similar for both groups: 27.9 ± 11.5 days in the PEG group and 28.0 ± 
17.6 in the control group (P > 0.99).

All 15 randomized patients underwent SLL. De novo adhesions were found in 0/9 patients 
in the PEG group (0%) compared to 4/6 (67%) of patients in the control group (P=0.01). 
Patients in the PEG group had a decrease in LABS score compared to an increase in the 
control group (−2.6±2.1 vs. 0.1±1.7; P=0.03). This decrease was most prominent at the 
ovaries and fallopian tubes sites. The change in the number of sites covered with adhesions 
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Table 4. Adhesions at second look laparoscopy

Outcome PEG Control P value

Patients with any adhesion 7/9 (78%) 6/6 (100%) 0.49

Patients with de novo adhesions 0/9 (0%) 4/6 (67%) 0.01

Adhesions (number of sites) 2.7±2.4a 3.8±1.7a 0.29

Δ Adhesions (number of sites)a −2.4±2.0a 0.8±2.3a 0.01

LABS score (Mean) 1.2±1.3a 2.4±2.4a 0.29

• Left ovary 0.7±0.9 2.2±3.0 0.28

• Right ovary 2.9±5.2 5.5±6.4 0.43

• Left fallopian tube 2.2±3.3 1.7±1.4 0.66

• Right fallopian tube 2.3±2.8 2.8±6.5 0.86

• Left pelvic side wall 1.0±2.6 0.7±1.0 0.74

• Right pelvic side wall 0.0±0.0 4.0±6.7 0.20

• Anterior uterus 0.0±0.0 0.0±0.0 1.00

• Posterior uterus 0.3±0.5 2.5±3.1 0.15

Δ LABS scoreb (mean) −2.6±2.1a 0.1±1.7a 0.03

• Left ovary −4.4±5.1 0.2±2.2 0.03

• Right ovary −2.9±4.8 1.5±5.3 0.13

• Left fallopian tube −4.2±5.0 −0.3±4.0 0.12

• Right fallopian tube −3.9±4.0 −0.7±1.2 0.05

• Left pelvic side wall −2.3±2.8 −0.7±3.7 0.38

• Right pelvic side wall −1.6±2.8 −0.3±0.8 0.24

• Anterior uterus −0.2±0.7 0.0±0.0 0.35

• Posterior uterus −0.9±1.5 −0.2±2.7 0.57

a Mean±SD
bΔ = difference between index laparoscopy and second look laparoscopy

Table 4 Adhesions at second
look laparoscopy

aMean±SD
bΔ = difference between index
laparoscopy and second look
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Fig. 1 Results from meta-analysis on the efficacy of PEG adhesion barrier reducing the total incidence of adhesions

Figure 1. Results	from	meta-analysis	on	the	efficacy	of	PEG	adhesion	barrier	reducing	the	total	incidence	of	adhesions
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was −2.4±2.0 for patients treated with PEG spray compared to 0.8±2.3 for control patients 
(P=0.01). There were no significant differences in the absolute incidence, sites covered 
with adhesions and LABS scores between the PEG group and controls at SLL (Table 4). 
There were no post- operative complications in both groups.

Although no significant differences were found in the incidence of adhesions at any of the 
specific sites at SLL, the effect of PEG appeared maximal at the ovaries. The incidence 
of adhesions around the ovaries was reduced between index laparoscopy and SLL in 
the PEG treated group by 33% and 44% for the right and left ovaries, respectively. On 
the contrary, a 17% and 33% increase in incidence of adhesions around the right and left 
ovaries, respectively, was seen in control patients. 

Meta-analysis of adhesion incidence
A total of 85 papers from peer-reviewed journals were identified using the search strategy. 
Five papers were identified studying the efficacy of PEG on adhesion formation after 
peritoneal surgery in an RCT [11–14, 20]. The number of patients with any adhesions 
could be assessed from three papers investigating patients undergoing myomectomy 
[11, 13, 20]. One paper was excluded because it described an interim analysis and results 
from the completed study were described in another paper [11, 20]. Thus, two RCTs and 
the present study remained for meta-analysis. In all here studies a trend towards a lower 
overall incidence of adhesions was demonstrated in PEG treated patients. Pooled data, 
using a fixed effects model, showed a significant reduction of the incidence of adhe- sions 
with an OR of 0.27 (95% CI 0.11–0.67; P=0.005,Fig 1).

DISCUSSION AND CONCLUSION
From this study, PEG anti-adhesion barrier seems effective in the prevention of de novo 
adhesions in common gynecological laparoscopic procedures, but especially in fertility 
enhancing procedures. Furthermore, there was a significant difference in change of LABS 
score favoring patients treated with PEG adhesion barrier. Meta-analysis also showed a 
significant reduction in the total incidence of adhesions. The PEG  anti-adhesion  barrier  
has  a  set  of  unique characteristics  compared  to  other  existing  barriers.  The formula of 
two liquid PEG precursors that rapidly polymerize into a solid hydrogel, allows the surgeon 
to laparoscopically apply a barrier with the characteristics of a site specific barrier and 
the ease of application of a liquid [12]. Most site-specific barriers are solid membranes 
that are difficult to apply laparoscopically. Site specific adhesion barriers seem most 
efficacious against adhesion (re)formation as they remain on the exact place of application 
during mesothelial healing. In the study of Ferland et al. both uterine horns and opposing 
peritoneum in a porcine model were abraded. One side was randomly assigned to 
coverage with a 1- to 2-mm-thick layer of PEG adhesion barrier. The barrier remained in 
place, and at SLL a significantly lower incidence of adhesion was found at the treated sides, 
demonstrating that the PEG adhesion barrier acts  as  a  site-specific  adhesion  barrier  
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[10]. The methylene blue dye makes it easy to assess if an area is sufficiently covered with 
the PEG anti-adhesion barrier. PEG molecules polymerize without the need of an external 
energy source or excess heat production and the hydrogel remains intact for 5–6 days, 
which is long enough for peritoneal layers to heal [21]. When degrading, the hydrogel falls 
apart in water-soluble PEG molecules that are easily resorbed and cleared in the urine [22].
Although a small number of patients could be included in this trial, our findings support 
those of earlier studies demonstrating that PEG spray is a highly efficacious site specific 
barrier for laparoscopic use. The incidence of adhesions could be assessed from two 
previous RCTs in patients undergoing myomectomy [11, 13]. In the present study and 
the two RCTs, a trend towards a lower overall incidence of adhesions was demonstrated 
in PEG treated patients. Pooled data showed a significant reduction of the incidence of 
adhesions in our meta-analysis. Complete adhesion prevention is of particular importance 
as it is the only means of providing a definitive protection against all adhesion related 
complications, such as infertility, ASBO and inadvertent enterotomies.

A limitation of this study is the analysis of adhesion prevention and not the clinical 
complications of adhesions, such as infertility or ASBO. Infertility as an endpoint is difficult 
to assess because failure to attain pregnancy is a multi-factorial endpoint. To assess the 
efficacy of adhesion barriers on  fertility,  a  randomised  trial  is  required  in subfertile 
patients due to tubal pathology, which compares use  of  a  barrier  to  no  treatment  after  
adhesiolysis  and compares time to natural conception. Oxidized regenerating cellulose 
(Interceed®, Ethicon, Sommerville, NJ) is the only adhesion barrier that was proven to 
increase pregnancy rate  in  an  RCT  [23].  However, oxidized regenerating cellulose 
has limitations because it is difficult to handle laparoscopically and can cause adverse 
adhesiogenic effects in the presence of blood [24, 25]. Studies evaluating the efficacy 
of adhesion barriers in reducing the number of ASBO and enterotomies are rare. The 
incidence of these complications is  relative  low,  thus  a  large  number  of patients  is  
needed  to  demonstrate  a  significant  effect. Modified sodium hyaluronic acid (HA) and 
carboxymethyl- cellulose (Seprafilm®; Genzyme Corporation, Cambridge, MA) reduced 
the number of ASBO requiring reoperation or found at autopsy by 45% in a study of 
1,701 patients who underwent benign colorectal surgery [26]. This barrier has limitations 
because it cannot easily be applied at laparoscopy. Change in adhesion score can be difficult 
to interpret as an outcome measure for adhesion prevention because the adhesion score 
at baseline influences the maximal effect. However, in our study, not only the size but also 
the direction of the effect differed between the groups. There was a marked decrease in 
LABS adhesion score in PEG treated group, while patients in the control group had a slight 
increase in adhesion score.

To study the efficacy of adhesion barriers by means of a second look procedure is 
becoming increasingly difficult. First, it is deemed more and more unethical to perform 
an invasive second procedure just for scientific purposes. Second, the benefit of SLL as 
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part of fertility surgery is questionable. Today, women have more access to alternative 
treatment modalities to become pregnant such as in vitro fertilization [27]. Future 
adhesion prevention studies expectedly have to rely on non- invasive techniques to 
evaluate adhesion formation. For long, this has been considered impossible but recent 
studies show promising results of cine-MRI as a non-invasive diagnostic tool for the 
detection of adhesions [28]. More experience is needed to delineate the value of cine-MRI 
as an alternative to SLL in adhesion prevention studies.

Sprayable barriers that can be introduced via a laparoscopic trocar and handled with ease 
in the abdominal-pelvic cavity are of surplus value in the therapeutic arsenal of adhesion 
preventive agents. Clinical trials have demonstrated that laparoscopy only reduces the 
extend of adhesions but does not decrease the incidence of adhesions [29, 30]. Maximal 
efforts to prevent adhesion formation in fertility surgery should therefore comprise 
laparoscopy as well as an adhesion barrier. Although a large number of agents show 
adhesion reduction in animal models, only a few demonstrated such effects in RCT in 
humans [31–33]. PEG is one of a few barriers that has been evaluated in both gynecological 
and gastrointestinal patients and was found to be effective in both our study and previous 
RCTs [11, 13, 14, 20]. However, more research is needed to investigate the effect on 
adhesion related complications, such as ASBO and infertility.
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SUMMARY
The work presented in this thesis focuses on uterine rupture after trial of labour and 
possibilities for sonographic evaluation of the caesarean scar in pregnancy to identify 
women at risk for uterine rupture, risks of maternal and neonatal complications in 
pregnancies after previous caesarean section and strategies for the prevention of post-
surgical adhesion formation after gynaecological surgery. Below we summarize the main 
findings of each chapter.
 
Chapter 2 describes the value of lower uterine segment thickness measurement in the 
prediction of uterine defects, either complete rupture or dehiscence at birth, during trial 
of labour in women who had undergone a previous caesarean section. The most important 
finding of reviewing existing publications and performing meta-analysis is the strong 
negative correlation between lower uterine segment thickness and risk of uterine defect. 
We found that a full lower uterine segment thickness of 3.1–5.1 mm and a myometrium 
thickness of 2.1 – 4.0 mm provided a strong negative predictive value for the occurrence of 
a defect during trial of labour. A full lower uterine segment thickness of 2.0 - 3.0 mm and 
a myometrium thickness between 0.6 and 2.0 mm provided a strong positive predictive 
value for the occurrence of a defect. Performance of measurement of myometrial and full 
lower uterine segment thickness were very similar, indicating these two methods were 
found to be equivalent. 
 
In Chapter 3 the course and outcome of consecutive pregnancies in women with a history 
of planned caesarean section and emergency caesarean section in first births is studied. 
Our data suggested a moderately increased risk of postpartum haemorrhage and a small 
to moderately increased risk of uterine rupture and stillbirth as a long-term effect of prior 
planned caesarean delivery on second births. Contractions before caesarean section 
lower the risk of adverse maternal outcomes such as uterine rupture and postpartum 
haemorrhage in a consecutive pregnancy. Our findings support the hypothesis that a 
caesarean section with a thick lower uterine segment leads to more problems in subsequent 
deliveries than a caesarean section with a thin laboured lower uterine segment.

Chapter 4 shows a highly increased risk of neonatal birth trauma after attempted 
operative vaginal birth after caesarean, compared with emergency repeat caesarean 
section indicated by non-progressive labour. The risk of wet lung syndrome and neonatal 
convulsions was slightly higher after repeat caesarean. We found similar rates of low 
Apgar score, meconium aspiration, death during labour and death within 28 days after 
birth. When considering maternal outcomes, postpartum haemorrhage occurred more 
often after attempted operative vaginal delivery, whereas uterine rupture is more often 
seen in women delivering by caesarean section. Rates of blood transfusions were similar. 
Maternal death did not occur. The adverse outcomes in the attempted operative vaginal 
delivery group were equally common when operative vaginal delivery failed or when it 
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succeeded. Women should be counselled before attempting operative vaginal birth after 
caesarean of the 1% risk of neonatal birth trauma and almost 7% risk of postpartum 
haemorrhage.

Chapter 5 investigates the safety of trial of labour  after spontaneous start of labour at 
term compared to elective repeat caesarean after 39 weeks in women with a history of a 
term caesarean section after balancing covariates by propensity score matching. In the 
unmatched cohort, 74% of the women having a trial of labour succeed to deliver vaginally. 
After balancing covariates by propensity score matching, we found short-term maternal 
and neonatal outcomes such as uterine rupture, haemorrhage, low 5-minute Apgar score, 
birth trauma and meconium aspiration to occur more often in the group attempting a trial 
of labour compared to elective repeat caesarean. Wet lung occurred more often in the 
elective repeat caesarean group. The overall numbers of adverse maternal and neonatal 
outcomes were low. The results of this analysis are applicable for the comparison of the 
outcomes of a spontaneous trial of labour and an elective repeat caesarean after 39 weeks 
in women without a history of vaginal birth. Some women will require a labour induction, 
for these women risks might be higher than reflected in our data, since induction of labour 
is associated with higher rates of failed trial of labour and uterine rupture. The contrary is 
applicable for women with a history of caesarean section and a previous vaginal birth. Risk 
may be lower since the rates of successful trial of labour are higher after previous vaginal 
birth.

Chapter 6 discusses the developing trends in the Netherlands and the possible reduction 
of the number one reason for caesarean section in labouring women: Labour dystocia 
or so called non-progression of labour.  The adverse maternal and neonatal events in a 
subsequent pregnancy due to non-progression are low. Our data suggest a protective 
effect of prior caesarean section on antenatal death in a low risk population. The 
explanation for the protective effect of caesarean section in a low risk population is 
not immediately apparent, although differences in timing of delivery and differences in 
obstetric management could be an explanation, at least in part, for this effect.

The successful vaginal birth after caesarean-rate after trial of labour in our low risk cohort are 
encouraging (60%) and justify counselling for trial of labour even with a history of caesarean 
section due to non-progression as the majority of women attempting trial of labour 
will succeed. This way further unnecessary increase of repeat caesarean section can be 
prevented.  Preventing the first birth caesarean section should have the fullest attention of 
the obstetrician in order to decrease caesarean section rates or at least maintain a caesarean 
section rate that is medically justifiable. In the last decades maternal characteristics such 
as increased age, increased maternal weight, racial diversity, medical interventions such 
as induction of labour, epidural analgesia and changes in obstetric practices have caused 
a longer duration of labour. There should be growing awareness that certain restraint in 
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diagnosing failed induction, accepting longer duration of first and second stage as long as 
foetal and maternal conditions are not compromised, can prevent unnecessary caesarean 
delivery. 

Chapter 7 reviews literature and a meta-analysis of different surgical techniques aiming 
to reduce adhesion formation including a large variety of technical aspects. None of the 
different techniques or approaches evidently showed a reduction of the main adhesion- 
related complications: adhesive small bowel obstruction and infertility. The incidence 
of adhesive small bowel obstruction, established by reoperation, was not significantly 
different in any comparison. The clinical suspicion of adhesive small bowel obstruction 
was lower following laparoscopy compared with open surgery in one study. The incidence 
of adhesions was lower following laparoscopy than laparotomy and when the peritoneum 
was left open compared with peritoneal closure. However, the evidence for a lower 
incidence of adhesions was limited to a single small randomized controlled trial and 
conflicting results were found in the qualitative assessment of lower quality studies. The 
pregnancy rate was significantly higher in one study after sub serous fixation of sutures 
compared with standard sutures in a small low-quality randomized controlled trial. 
Summarizing the results of suturing or not suturing the peritoneum in caesarean section, 
both techniques seem acceptable considering short-term complications but non-closure 
might decrease incidence of adhesions. 

In Chapter 8 a small prospective randomized controlled study to evaluate sprayable 
polyethylene glycol (PEG) anti-adhesion barrier on adhesion formation in women undergoing 
laparoscopic treatment of benign gynaecologic disease involving ovaries, pelvic side- walls, 
fallopian tubes or uterus is discussed. 16 patients were randomly assigned to receive either 
the adhesion barrier or no adhesion prevention. Incidence and severity of adhesions were 
scored at eight sites in the pelvis and reassessed by second look laparoscopy. From this 
study, PEG anti-adhesion barrier seems effective in the prevention of de novo adhesions 
in common gynaecological laparoscopic procedures, but especially in fertility enhancing 
procedures. Furthermore, there was a significant difference in change of Local Adhesion 
Barrier Scoring System (LABS score) favouring patients treated with PEG adhesion 
barrier. Although only a small number of patients could be included in this trial, our findings 
support those of earlier studies demonstrating that PEG spray is a highly efficacious site-
specific barrier for laparoscopic use. Meta-analysis of pooled data from present study and 
two previous randomized controlled trials also showed a significant reduction in the total 
incidence of adhesions. Complete adhesion prevention is of particular importance as it is the 
only means of providing a definitive protection against all adhesion related complications, 
such as infertility, adhesive small bowel obstruction and inadvertent enterotomies.
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GENERAL DISCUSSION AND CLINICAL IMPLICATIONS 

Part One
This thesis emphasises the important task for obstetricians to reduce the number of caesarean 
sections in first births. There is a worldwide increase of caesarean section in nulliparous women, 
and this has consequences for their remaining reproductive life. It will increase risks during 
pregnancy and delivery such as placenta previa or accreta, uterine rupture and haemorrhage. 
Risks will increase in case of multiple repeat caesarean sections. (1) Women need to be properly 
counselled considering the number of children they want to bear.

Non-indicated caesarean section should be discouraged and women having an indicated 
planned caesarean section should be counselled about the increased adverse maternal 
and neonatal outcomes in the subsequent pregnancies and the increased risk of caesarean 
section in future pregnancies.

In our opinion, the only possible preventable caesarean section, the non-indicated 
caesarean section left out of consideration, is the non-progressive labour indicated 
caesarean section. Advocating patients when maternal and foetal conditions allow, 
caution diagnosing failed induction before 6 cm and adjusting the 50 years old partogram 
to modern standards should have a high priority. There is less potential in preventing 
caesarean sections indicated by non-reassuring foetal status. Due to improved foetal 
monitoring, the amount of caesarean sections indicated by non-reassuring foetal status 
is increasing. Ensing et al showed a significant increased risk for emergency Caesarean 
section in foetal distress, which increased from 1.9% in 1999 to 2.9% in 2009 (p<0.0001) 
resulting in a significant change of asphyxia but without a significant change in mortality 
rates (2)

Our data on labour before a caesarean section can contribute to counselling strategy 
especially in terms of pregnancies with a higher risk of caesarean section such as twin 
and breech deliveries. Going into labour before the scheduled caesarean delivery doesn’t 
seem to harm, it seems to lower the risk of adverse maternal outcomes such as uterine 
rupture and postpartum haemorrhage in a consecutive pregnancy.

The chances of having a successful trial of labour after a first birth caesarean section in a 
subsequent pregnancy is high in the Netherlands: 74% overall and 60% for women with 
a caesarean section indicated by non-progressive labour. Gilbert et al calculated that it is 
more cost effective to have a trial of labour instead of an elective repeat caesarean section 
(in the USA). Especially if women tend to have more than two pregnancies, vaginal birth 
after caesarean is a more cost-effective route of delivery. Under baseline circumstances, 
trial of labour is less expensive and more effective than an elective repeat caesarean 
section when considering long-term consequences when the likelihood of success is 
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47.2% or more. Even though vaginal birth after caesarean may cost less, it also comes 
at a cost: the short-term neonatal and maternal adverse events are clearly higher in this 
group compared to elective repeat caesarean esction. Operative vaginal delivery after 
prior caesarean section should be undertaken cautiously, due to increased risk of birth 
trauma 0.95% vs. 0.07% when undertaking elective repeat caesarean section (aOR 15.0 
95% CI 5.9-38).

Ideally we would like to identify women with a high probability of vaginal birth after 
caesarean and low risk of adverse events and counsel them accordingly with the aim to 
encourage trial of labour. The women with a high probability of emergency caesarean and 
high risk of adverse events should be counselled and offered a repeat caesarean section. 
One of the efforts to separate women with high risk from low risk women is sonographic 
assessment of the uterine scar. From our meta-analysis and reviews of literature, there is a 
good clinical potential in measuring the uterine scar to identify women at risk for rupture or 
dehiscence. Clinical implementation trials are currently on going: a pragmatic randomized 
trial in France and a double-blinded prospective study in the Netherlands. (5,6)

The protective effect of a prior caesarean on antenatal death in a low risk population 
needs to be explored more thoroughly. It could be a type 1 error, then results are not 
reproducible; if indeed there is a protective effect it is most probably an effect of obstetric 
care and management.

Part two
The focus of adhesion management is prevention and prevention of adhesion formation 
starts with not performing unnecessary surgery, including preventable caesarean 
deliveries. If surgery cannot be prevented, good surgical techniques are the next step 
in preventing adhesion formation. The risk for adhesion-related complication is highest 
following abdominal and pelvic surgery.

Surgical techniques aiming to reduce adhesion formation included a large variety of 
technical aspects. The incidence of adhesions seems lower after laparoscopy compared 
to laparotomy, limited extent and severity of coagulation, sub serous suture fixation and 
non-closure of the peritoneum. These findings emphasize the importance of limiting 
peritoneal ischaemia and foreign body material in surgery.

PEG gel appears beneficial in reducing adhesion formation after gynaecological surgery, 
compared with no treatment. Our findings have been confirmed in a recent Cochrane 
review and meta-analysis. (7) However, the actual effect on the patient centred outcomes 
are lacking in our trial and other available studies. The effects that adhesion and adhesion 
prevention agents themselves have on pelvic pain, live birth rate and quality of life should 
be explored in greater detail. 
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SAMENVATTING IN HET NEDERLANDS

Deel	1:	Zwangerschap	en	bevalling	na	een	eerdere	sectio	caesarea	

Achtergrond
Al eeuwen worden zwangerschappen beëindigd en bevallingen gedaan door het operatief 
verwijderen van een kind uit de baarmoeder. Bekend is dat reeds in de voor-christelijke 
Romeinse tijd priesters de operatie als een rituele handeling verrichtten na het overlijden van 
een zwangere vrouw. De toenmalige godsdienst schreef voor dat een vrouw niet samen met 
het nog ongeboren kind in de baarmoeder begraven mocht worden. De Romeinse heerser 
Numa Pompilius (716 tot 673 v. Chr.) liet hiertoe zelfs een wet uitvaardigen, de zogenaamde 
Lex Caesarea. Mogelijk heeft onze hedendaagse keizersnede (sectio caesarea) zijn naam 
hieraan te danken.

In de Renaissance werd een concept ontwikkeld waarbij een geboorte door middel van een 
keizersnede als medische interventie werd gebruikt. De enige indicatie voor het verrichtten 
van zo’n operatieve ingreep was een volledige obstructie van de baring, meestal met een 
reeds gestorven kind. De vrouwen overleefden deze ingreep destijds zelden.

De invoering van geavanceerdere en betere chirurgische technieken, de introductie van de 
anesthesie, voortschrijdende verbetering van hygiënische maatregelen en het inzicht dat de 
baarmoeder na het openen ook weer goed gesloten diende te worden, zorgden er voor dat 
de kans op overleven voor de moeder aanmerkelijk toenam.

Vanaf de 19e eeuw golden de veiligheid van zowel de moeder als die van het ongeboren kind 
als streven bij het uitvoeren van een keizersnede. Vanaf de 20e eeuw wordt de keizersnede 
als een relatief veilige, operatieve ingreep beschouwd. Dit heeft de drempel voor een besluit 
om over te gaan tot een keizersnede dermate verlaagd, dat er in onze 21e eeuw wereldwijd 
sprake is van een exponentiële toename van het aantal uitgevoerde keizersneden.
 
Huidige situatie
Hoewel de complicaties tijdens en direct na een keizersnede in welvarende landen over het 
algemeen erg gering zijn, is er weldegelijk sprake van gevolgen op de langere termijn en zijn er 
risico’s voor volgende zwangerschappen. De risico’s op complicaties nemen toe bij volgende 
keizersneden. De uitdaging voor de gynaecologen van nu is dan ook het terugdringen van 
onnodige keizersneden om medicalisering en gevolgen voor volgende zwangerschappen 
te voorkomen. Daarbij wordt de veiligheid van de moeder en het ongeboren kind voorop 
gesteld. Om dit te waarborgen is het nodig om de risico’s van een operatieve ingreep of 
het achterwege laten daarvan goed in kaart te brengen. Vrouwen die voor een proefbaring 
kiezen na een eerdere keizersnede hebben een hoger risico op complicaties dan vrouwen 
die geen keizersnede in hun voorgeschiedenis hebben. Of zij echter ook een hoger risico op 
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complicaties hebben dan vrouwen die kiezen voor een geplande keizersnede staat nog ter 
discussie. Het aantal, respectievelijk het percentage vrouwen dat succesvol vaginaal bevalt 
na een eerdere keizersnede blijkt per land verschillend. In Nederland is het percentage 
proefbaringen hoog. Dit proefschrift wil inzicht verschaffen in de consequenties van een 
eerdere keizersnede voor eventuele volgende zwangerschappen, voor de bevallingen, de 
veiligheid en voor de slagingskans van een proefbaring in Nederland.

Deel	2:	Preventie	van	postoperatieve	adhesies

De kans op de vorming van verklevingen (adhesies) na chirurgische ingrepen is het grootst 
na gynaecologische en colorectale chirurgie. Dergelijke verklevingen kunnen aanleiding 
geven tot vervelende en langdurige complicaties, zoals darmafsluiting, onvruchtbaarheid, 
pijnklachten en ze bemoeilijken een eventuele her-operatie. Voorkomen is beter dan 
genezen geldt zeker in het geval van adhesies. Verklevingen kunnen namelijk alleen via 
operatieve weg worden losgemaakt. Het operatief verwijderen leidt echter onvermijdelijk 
tot nieuwe verklevingen.

Het aanpassen van operatietechnieken, om zo onbedoelde schade en daarmee vorming van 
verkleving te voorkomen, is een eerste stap in de preventie. Welke technieken daarbij het 
meest succesvol zijn, is nooit op gestructureerde wijze onderzocht. Anti-adhesie middelen 
die tijdens de operatie kunnen worden toegepast zijn in opkomst, omdat blijkt dat goede 
operatietechnieken alleen niet voldoende zijn ter voorkoming van verkleving. Deze middelen 
moeten hun werkzaamheid echter nog bewijzen.

In dit proefschrift worden de volgende onderwerpen onderzocht:
• Uterusruptuur na proefbaring en de mogelijke waarde van echoscopische evaluatie 

van het eerdere keizersnede litteken om zwangeren met een hoog risico op een 
uterusruptuur vroegtijdig op te sporen.

• Risico’s op maternale en neonatale complicaties in een volgende zwangerschap na een  
eerdere keizersnede. De uitkomsten na een proefbaring worden vergeleken met die 
van  een geplande keizersnede.

• Preventieve strategieën voor postoperatieve adhesievorming. 

Hieronder worden de belangrijkste bevindingen samengevat:

Hoofdstuk 2 beschrijft de waarde van het meten van de dikte van het onderste uterus 
segment als voorspeller van een littekendefect tijdens de proefbaring na een eerdere 
keizersnede. De belangrijkste bevindingen na uitvoerige literatuurstudie en meta-analyse 
van data is de negatieve correlatie tussen onderste uterus segment dikte en littekendefect. 
Als de gemeten dikte van het volledige onderste uterus segment tussen de 3.1-5.1 mm of 
van het myometrium 2.1-4.0 mm is, heeft dit en sterk negatief voorspellende waarde voor 
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een littekendefect. Als de gemeten dikte van het volledige onderste uterus segment tussen 
de 2.0-3.0 mm is of van het myometrium tussen 0.6-2.0 mm, dan heeft dit een sterk positief 
voorspellende waarde voor een littekendefect. De mate van betrouwbaarheid van beide 
meetmethoden, volledige dikte of myometrium dikte van het onderste uterus segment, is 
vergelijkbaar. 
 
In hoofdstuk 3 worden de uitkomsten van opeenvolgende zwangerschappen beschreven 
van vrouwen met een geplande of een spoed keizersnede in de voorgeschiedenis. Onze 
resultaten laten zien dat er een matig verhoogd risico is op hevig bloedverlies na de bevalling 
en een klein tot matig verhoogd risico op een uterus ruptuur of een doodgeboorte als lange 
termijn effect van een geplande keizersnede. Onze bevindingen steunen de hypothese dat 
een keizersnede met een dik onderste uterus segment zonder voorafgaande contracties 
tot meer problemen leidt in een volgende zwangerschap dan een keizersnede met een dun 
onderste uterus segment. 

Hoofdstuk 4 laat zien dat er een grotere kans is op een neonataal geboortetrauma en op 
hevig bloedverlies na de bevalling, wanneer er bij een niet vorderende proefbaring een poging 
tot kunstverlossing wordt gedaan in vergelijking tot een spoed herhaal-keizersnede voor 
diezelfde indicatie. Bij een niet vorderende baring bestaat er 1% kans op geboorteschade en 
7% op hevig bloedverlies. Vrouwen zouden gecounseld moeten worden voordat er tot een 
kunstverlossing wordt overgegaan. 

Hoofdstuk 5 onderzoekt de veiligheid van een a terme proefbaring na een spontane 
start van de baring. Dit wordt vergeleken met een geplande keizersnede na 39 weken 
zwangerschapsduur. Bij de vrouwen die kiezen voor een proefbaring heeft 74% een 
geslaagde vaginale baring. Er zijn met behulp van de “propensity score matching” techniek 
vergelijkbare cohorten gemaakt. Uitkomsten als uterus ruptuur, hevig bloedverlies, lage 5 
minuten Apgar score, geboortetrauma en meconium aspiratie komen vaker voor na een 
proefbaring dan bij een geplande herhaal keizersnede. Transitie problemen bij de neonaat 
komen daarentegen vaker voor bij de geplande herhaal keizersnede groep. Het absolute 
aantal complicaties is laag en de uitkomsten zijn alleen van toepassing op vrouwen die nooit 
eerder vaginaal gebaard hebben, die spontaan contracties krijgen en waarvan de baring niet 
wordt ingeleid. Voor vrouwen met een eerdere keizersnede die wel worden ingeleid, liggen 
de complicatie risico’s wellicht hoger. Voor vrouwen met zowel een keizersnede, alsook een 
vaginale baring in de voorgeschiedenis liggen de complicatie risico’s mogelijk juist lager. 

Hoofdstuk 6 behandelt de voortschrijdende trends rondom keizersneden in Nederland 
en de mogelijkheden tot reductie van het aantal keizersneden met niet vorderende baring 
als indicatie. Er wordt gepleit voor herziening van de geldende normen ten aanzien van 
niet vorderende baring. De belangrijkste redenen daarbij zijn de veranderende maternale 
en neonatale karakteristieken zoals toegenomen leeftijd, gewicht, gebruik van epidurale 
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analgesie en toenemende inleidingen van de baring. Verder wordt er gekeken welke de 
consequenties zijn van een keizersnede op de indicatie niet vorderende baring voor een 
volgende baring.

Binnen een laagrisico populatie met een keizersnede in de voorgeschiedenis wegens 
niet vorderende baring zijn de kansen op complicaties laag. Onze data suggereren een 
beschermend effect op intra uteriene sterfte in een laag risico populatie in geval van een 
keizersnede in de voorgeschiedenis. De verklaring voor dit effect is niet zonder meer 
duidelijk. Verschillen in timing van de bevalling dan wel verschillen in obstetrische zorg 
kunnen mogelijke verklaringen zijn.

Van de vrouwen die ondanks een keizersnede wegens niet vorderende baring toch voor een 
proefbaring kozen, slaagde 60% er daadwerkelijk in vaginaal te baren. Dit succespercentage 
is bemoedigend en rechtvaardigt de counseling voorafgaande aan een proefbaring. 

Hoofdstuk 7 bestaat uit een literatuurstudie en een meta-analyse van bestaande studies 
naar verschillende chirurgische technieken tijdens gynaecologische en abdominale 
operaties die als doel hebben adhesies te voorkomen. De omvang van de studies is klein 
en de kwaliteit van de studies kan wisselend worden genoemd. Geen enkele techniek laat 
een duidelijke klinische afname zien van de adhesie gerelateerde problemen, behalve dan 
van laparoscopie versus laparotomie, waarbij laparoscopie wel een afname van adhesie 
gerelateerde problemen laat zien.Sluiting van het peritoneum leidt mogelijk tot meer 
adhesievorming dan het niet sluiten. Ook bij keizersneden lijkt het sluiten van het peritoneum 
geen toegevoegde waarde te hebben en zelfs eerder aanleiding te geven tot verklevingen. 
Het is in ieder geval raadzaam om bij een ingreep de hoeveelheid hechtdraad evenals het 
toepassen van cauterisatie vanwege de gevolgschade tot een minimum te beperken. 

In hoofdstuk 8 wordt een kleine gerandomiseerde studie besproken die een polyethylene 
glycol (PEG) anti-adhesie barrière middel onderzoekt bij vrouwen met gynaecologische 
aandoeningen die een laparoscopische behandeling ondergaan.
Zestien vrouwen werden gerandomiseerd en kregen het PEG anti-adhesie middel tijdens de 
operatie op het wondgebied aangebracht, dan wel een placebo behandeling. De incidentie 
en de ernst van adhesievorming op acht gestandaardiseerde plekken in het bekken werden 
beoordeeld bij een van te voren afgesproken tweede laparoscopie. De resultaten van deze 
kleine studie laten zien het PEG anti-adhesie middel effectief lijkt te zijn in de preventie 
van nieuwe adhesievorming bij vrouwen die gangbare gynaecologische laparoscopische 
ingrepen ondergaan. Vooral is het effectief bij vrouwen met een vruchtbaarheid 
bevorderende operatie. Ondanks het kleine aantal geïncludeerde vrouwen in deze studie 
laat deze studie dezelfde resultaten zien als eerdere studies. Gepoolde data van deze en 
twee andere gerandomiseerde studies laten een significante reductie zien van het totaal 
aantal adhesies. 
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DISCUSSIE

Deel 1
Het is een belangrijke taak voor de gynaecologen van nu om het aantal keizersneden 
te reduceren, vooral bij vrouwen die voor de eerste keer bevallen. Er is een wereldwijde 
stijging van het aantal keizersneden in nullipara vrouwen. Die eerste keizersnede heeft 
consequenties voor de rest van het vruchtbare leven van deze vrouwen. De risico’s voor 
een volgende zwangerschap zijn groter dan na een vaginale baring en naarmate een vrouw 
meerdere keizersneden ondergaat nemen deze risico’s alleen maar verder toe. 
Keizersneden op verzoek zonder medische reden moeten worden ontmoedigd. Vrouwen 
die wel een indicatie hebben voor een geplande keizersnede moeten goed gecounseld 
worden voor wat betreft de risico’s  bij volgende zwangerschappen en bevallingen, en voor 
wat betreft de grotere kans om opnieuw met een keizersnede te bevallen. Soms moeten we 
wellicht wat meer geduld hebben en wanneer de foetale en maternale condities goed zijn, 
niet te snel besluiten tot een bevalling met keizersnede omdat de baring niet vordert. Het 
partogram dat momenteel wordt gebruikt is gebaseerd op gegevens van 50 jaar geleden 
en is wellicht aan revisie toe vanwege de veranderende populatie karakteristieken en de 
toename van medische interventies zoals inleidingen en epidurale pijnstilling.

Onze data over de het gunstige effect van contracties voorafgaande aan een keizersnede zijn 
van belang bij het counselen van vrouwen die een keizersnede overwegen na een indicatie 
als stuitligging of meerling. In partu komen voor de keizersnede is helemaal zo slecht nog 
niet! Het maakt de kans op problemen zoals uterus ruptuur en hevig bloedverlies in een 
volgende zwangerschap juist lager. 

De kansen om succesvol vaginaal te bevallen na een eerste keizersnede is hoog. In Nederland: 
ligt dat percentage op 74% voor de gehele populatie met een eerste keizersnede en op 
60% voor vrouwen met een keizersnede wegens niet vorderende baring. Een proefbaring 
ondergaan kent behalve voordelen, zoals het kortere herstel bij een geslaagde proefbaring 
en lagere kosten, ook nadelen. Er bestaat een hogere kans op neonatale en maternale 
complicaties zoals uterus ruptuur en bloedverlies, lage Apgar score en geboorte trauma in 
vergelijking tot een geplande herhaal keizersnede. Kunstverlossingen na een keizersnede 
moeten wegens het verhoogde risico op een geboorte trauma gezien worden als een hoog 
risico ingreep en dus met prudentie worden toegepast.

Er wordt geprobeerd om een schifting te maken tussen vrouwen met een hoog en met een 
laag risico op complicaties. Dit gebeurt onder andere door het meten van de dikte van het 
keizersnede litteken in de zwangerschap om zo een uterusruptuur te kunnen voorkomen. 
Onze meta-analyse laat zien dat deze metingen klinisch toepasbaar zijn. Implementatie 
studies worden op dit moment uitgevoerd in zowel Nederland als in Frankrijk.
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Samenvatting in het Nederlands en discussie

Waarom de keizersnede een beschermend effect heeft op het voorkomen van intra uteriene 
sterfte in een laag risico populatie moet nog verder worden onderzocht. Wellicht is het een 
toevalsbevinding en zijn de bevindingen niet reproduceerbaar. Mocht er inderdaad sprake 
zijn van een beschermend effect, dan zullen factoren met betrekking tot onze obstetrische 
zorg hiermee mogelijk van doen hebben.

Deel 2
Adhesie preventie begint met het niet uitvoeren van onnodige chirurgische ingrepen, dus 
ook geen onnodige keizersneden. Als een chirurgische ingreep niet te voorkomen is dan 
is een goede chirurgische techniek een volgende stap in het voorkomen van adhesies. Het 
risico op verklevingen is vooral groot na abdominale en gynaecologische chirurgie.

Als we naar de operatie technieken kijken die voor verminderde adhesievorming na 
chirurgische ingrepen zorgen, dan lijkt er na laparoscopie minder adhesievorming dan na 
laparotomie. Minder gebruik van coagulatie en hechtmateriaal en het niet sluiten van het 
peritoneum geven eveneens minder adhesievorming. Deze bevindingen benadrukken 
dat het belangrijk is peritoneale schade te beperken en zo min mogelijk lichaamsvreemd 
materiaal te gebruiken.

PEG gel heeft een reducerend effect op nieuwvorming van adhesies na gynaecologische 
chirurgie. Deze bevindingen worden inmiddels breed gesteund en ook toegepast in de 
praktijk. Er bestaat echter nog steeds weinig bewijs voor het effect op de patiënt gerelateerde 
uitkomsten, zoals vermindering van de aan verkleving gerelateerde pijn, de verhoging van 
de kwaliteit van leven en een gerealiseerde vruchtbaarheid die ook leidt tot het baren van 
een levend kind. Hier ligt nog een flinke taak voor de wetenschap.
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PhD Portfolio

PhD training
• Evidence Based Practise Master Uva 2010-2013 (97 ECTS)
• BROK cursus 2010 (0.9 ECTS)

Specific courses
• Fetal Medicine foundation; e-learning courses ultrasonography
• Advanced fetal heart course: Kings College London
• PAOG Counseling prenatal screening and invasive testing

Seminars 
2010-2012
• Weekly department seminars AMC (3.3 ECTS)

Presentation
Posterpresentations	SMFM	2013	San	Fransisco	(1.0	ECTS):
• Risk of uterine rupture after first birth emergency cesarean section compared to 

planned cesarean sectio, a nationwide comparative cohort study
• Maternal and neonatal complications in a subsequent pregnancy after first birth 

cesarean section or vaginal delivery, a nationwide comparative cohort study

Oral	presentation	Isuog	2012	(0.5	ECTS):
• Sonographic measurement of lower uterine segment thickness to predict uterine 

rupture during a trial of labor in women with previous cesarean section: a meta-
analysis

International conferences
• ISPD 15th International Conference (Amsterdam 2010)
• 22th World Congress on Ultrasound in Obstetrics and Gynecology (Kopenhagen 2012)
• Society of maternal fetal medicine annual meeting (San Francisco 2013)
• 24th World Congress on Ultrasound in Obstetrics and Gynecology (Barcelona 2014)
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Biografie

Nienke werd op een mooie zondag, 5 augustus 1979, in Deventer als tweede in het gezin 
Kok (met uiteindelijk vier dochters) geboren. Nadat zij in 1997 binnen de daarvoor gestelde 
6 jaren haar Gymnasium diploma aan het toen nog vooraanstaande Stedelijk Lyceum 
Zutphen had behaald, koos zij na uitloting bij de studie Geneeskunde voor de studie 
Medische Wetenschappen aan de Universiteit van Utrecht. In de weekenden verdiende 
ze in natura door het werk bij een vliegschool in Teuge zoveel vlieglessen, dat ze daarmee 
in september 2002 het internationale vliegbrevet voor eenmotorige vliegtuigen (PPL-A) 
kon verwerven, nog voordat ze een auto-rijbewijs had. Na een half jaar stopte ze met de 
opleiding aan de universiteit van Utrecht en ging een jaar lang naar Israël om daar met 
succes aan het Seminarium Mayan Bina in Jeruzalem Hebreeuws en Judaïsme te studeren. 

In 2000 had ze het geluk om ingeloot te worden voor de studie Geneeskunde en startte 
met deze opleiding aan de Universiteit van Amsterdam (UvA). Van 2004 tot 2007 
combineerde zij haar coschappen met een flink aantal uren als student-assistent Anatomie 
en Embryologie. Basisarts werd ze in 2007 en kreeg vervolgens een aanstelling als ANIOS 
in het Onze Lieve Vrouwe Gasthuis (OLVG) te Amsterdam. Vanaf het jaar 2009 volgde 
zij naast haar werk als ANIOS een deeltijd master studie Echoscopie aan de Hogeschool 
Inholland, waar zij haar kwalificatie in die discipline behaalde. In het Amsterdams Medisch 
Centrum (AMC) werkte ze daarna, in 2010, als arts-echoscopist en onderzoeker. Onder 
leiding van Professor Dr. B.W.J. Mol en Dr. E. Pajkrt startte zij via de Universiteit van 
Amsterdam met het promotie onderzoek dat uiteindelijk resulteerde in dit proefschrift. 
Naast haar baan als arts-echoscopist en onderzoeker volgde zij de studie Evidence 
Based Practice aan de UvA en behaalde daar in 2013 de academische master titel in de 
Epidemiologie.

Voor de opleiding tot gynaecoloog werd zij in 2012 via VU medisch centrum te Amsterdam 
( VUmc) aangenomen. Het perifere deel van deze opleiding doorliep zij van 2012 tot 2014 in 
het Medisch Centrum Alkmaar (MCA) onder begeleiding van de opleiders Dr. A. Adriaanse 
en Dr. J. Bais. Het academische gedeelte van deze opleiding begon zij in oktober 2014 in 
het VUmc, waar Professor J. de Vries haar opleider is.

Hoewel hier als laatste genoemd, maar desalniettemin de meest belangrijke momenten 
en mijlpalen in haar leven waren het huwelijk met Jigal Krant in 2003 en de geboorte van 
hun drie kinderen Dieuwertje (2008†), Meijer (2009) en Ada (2011).
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Ben Willem, in mijn omgeving ken ik niemand anders die zo analytisch kan denken als jij. 
Daarnaast heb je het ongekende vermogen om telkens - ook als we elkaar een flinke tijd 
niet gesproken hebben - precies te weten waar we gebleven zijn in ons vorige contact en 
dan gelijk weer tot de essentie te komen. De feedback die je geeft is niet altijd makkelijk, 
maar komt overduidelijk rechtstreeks uit je hart. Jouw vertrouwen in een geslaagde afloop 
heeft uiteindelijk wel het verschil gemaakt. 

Christianne, dank je wel dat je bereid was om op deze rijdende trein te springen. Voor 
mij ben jij  een essentiële schakel tussen het onderzoek in het AMC en de opleiding in het 
VUmc….., eigenlijk is onze samenwerking gewoon een eerste AMC-VUmc alliantie in het 
klein!

Eva, jij gaf mij de mogelijkheid om als arts-echoscopist onderzoek te gaan doen en 
daarmee sta jij aan de oorsprong van mijn promotietraject en uiteindelijk ook aan die van 
mijn opleiding tot gynaecoloog. Toen ik me er ooit bij jou over beklaagde dat ik zo weinig 
tijd had om echte voortgang te boeken met mijn onderzoek, heb je me verzekerd dat ik 
ooit nog eens terug zou kijken en dan tot de conclusie zou komen dat het leven alleen maar 
drukker wordt. Ik moet je zeggen, Eva, je hebt gelijk. Wat had ik een relaxte tijd op de poli 
prenatale.

Brenda, mijn allerliefste co-pro en echo-maatje. Wat is het een eer en een genoegen om 
met je samen te werken. Toen je een half jaar geleden zelf cum laude promoveerde, wist ik 
een ding zeker: ik word jouw eerste promovendus. Jij bent tot het einde toe de drijvende 
kracht voor mij geweest. Jouw laagdrempeligheid, je (meestal) goede humeur, jouw 
kritisch luisterend oor en grote kennis waren een verademing als ik soms door de bomen 
het bos niet meer zag. Nu we allebei nog drukker zijn dan we ooit voor mogelijk hadden 
gehouden, mis ik je regelmatig en ik hoop dat we in de toekomst toch nog veel mogen 
samenwerken. 

Leden van de promotie commissie: professor Kok, dr. Bais, professor Boermeester, 
professor Van der Post, dr. Kwee, professor Lucas en professor Van Veen dank ik voor 
het kritisch beoordelen van dit proefschrift en voor de geboden mogelijkheid om dit 
proefschrift nu ten overstaan van u te verdedigen. 

De stichting Perinatale Registratie Nederland wil ik bedanken dat ik gebruik mocht maken 
van de dataset waarop een aantal artikelen in dit proefschrift is gebaseerd. 

Marjan, jou wil ik danken voor de hulp bij het doorlopen van het promotiereglement 2014, 
daar kan geen hoeveelheid repen Tony’s Chocolonely’s tegen op. 

Veel dank gaat uit naar de medeauteurs voor hun kritische blik en hun waardevolle feedback. 
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Richard van den Broek, dank ik voor de introductie in de wereld van het wetenschappelijk 
onderzoek. Onze eerste ontmoeting begon met een Randomized Control Trial op 
de plank van Erica Bakkum. Jij was een ongelofelijk getalenteerde en veelwetende 
onderzoeker/co-assistent. Ik was de kersverse, nog onwetende ANIOS in het OLVG. 
Het heeft geresulteerd in een vriendschap die ik graag wil koesteren. Jij wordt vast 
de meest wetenschappelijk onderlegde chirurg van Nederland en omgeving. Jouw 
navolgenswaardige doorzettingsvermogen en motivatie zijn een enorme inspiratiebron 
voor mij.

Robert Lindeboom, gelukkig was jij er om me te helpen met de ingewikkelde statistieken. 
Ik kijk met veel plezier terug op het onderwijs dat ik van je heb mogen genieten en de 
onmisbare samenwerking in de wondere wereld van Propensity en R. 

Anna Rietveld, wat was het leuk om samen te brainstormen en te schrijven. Op naar het 
volgende artikel. 

Echo-gang en mede-onderzoekers Larisa, Bart, Laura en Kai Mee. We zaten allemaal in 
het zelfde schuitje, bevonden ons soms op glad ijs, maar hebben vooral veel plezier gehad 
met elkaar hier en op congressen. Ik kan niet wachten tot we samen weer wat leuks gaan 
ondernemen. 

Dick Bekedam, het is gelukt! Tegelijkertijd: in opleiding en promoveren. Jij bent het die 
me heeft zien groeien van co-assistent naar ANIOS. Via het moederschap naar arts-
echoscopist en onderzoeker in het AMC. Toen ik dreigde “dan toch maar radioloog te 
worden” gaf jij mij met jouw steun en die van de maatschap OLVG een onwaarschijnlijke 
kans op een opleidingsplek gynaecologie in het VUmc. Waar zou ik nu zijn zonder jouw 
vertrouwen? In een donkere Buckykamer, denk ik. Dankzij jou ben ik op de plek waar ik 
me thuis voel en waar ik hoor. Ik hoop gewoon dat jij ook een beetje trots bent op mij, op 
ons samen. 

Collega’s en staf van de vakgroep Verloskunde Gynaecologie Medisch Centrum Alkmaar, 
ontzettend bedankt voor de bijzonder aangename opleidingsjaren. Deze jaren vormen de 
hoeksteen van mijn opleiding tot gynaecoloog en geven mij, als het soms even tegenzit 
weer de motivatie om met hernieuwde energie door te gaan in dit prachtige vak. 

Joke Bais, wat ben je een goede opleider en een fijn mens. Ik vind het geweldig dat je als 
expert zitting hebt willen nemen in de commissie. Jij vindt het net zo spannend als ik en 
dat stelt me gerust. Tot over 2 jaar in het MCA. 

Marie-Therese, Anouk en Pascale, ik denk met veel plezier terug aan mijn echo-dagen op 
de poli AMC. Ik heb nog dagelijks profijt van alles wat ik daar heb geleerd.
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Collega’s in het VUmc, dank voor jullie steun in de laatste maanden van mijn promotie-
traject. Jullie weten straks niet wat jullie overkomt als je de volkomen relaxte versie van 
mijzelf tegenkomt. Op naar een sociaal en gezellig 2016. 

Lieve Renske, wat fijn dat ik je al zo lang ken en wat bijzonder dat we ook als we elkaar wat 
langer niet spreken de draad zo weer op kunnen pakken. 

Lieve Tessa en Ellemieke, kanjers en multi-taskende, kersverse moeders, dokters, 
echtgenotes, vriendin, zus en paranimfen. Dank je wel dat jullie straks aan mijn zijde 
staan. Jullie waren en zijn een rots in de branding, onmisbaar bij de “finishing touches”. 

Joris, ik treed nu in jouw voetsporen, jij geloofde er steeds in en straks is het eindelijk echt klaar.

Renée en Joop, ze noemen schoonouders wel “aangetrouwd”, maar voor mij zijn jullie heel 
eigen en vertrouwd. Jullie steunen mij al jaren onvoorwaardelijk en op veel terreinen en dat 
voelt heel goed. Ik verheug me op de fijne vakanties met jullie die in het verschiet liggen. 

Lieve pap en mam, dank jullie wel voor jullie steun in al die bijzonder mooie en soms ook 
wel moeilijke tijden die we gehad hebben. Jullie zijn mijn lichtend voorbeeld, als ouders en 
als medemens. Van jullie leerde ik het hoogste in je mens-zijn na te streven en af te maken 
waar je mee begint. Vooral jou, mam, ben ik zo ontzettend dankbaar dat je er altijd voor 
mij bent als ik je nodig heb, iedere keer op het juiste moment de juiste aandacht.

Anne-Kee, grote kleine zus van me, je bent een fantastische tante voor onze kinderen en 
de bereidheid om op ze te passen heeft me menig maal echt uit de brand geholpen.

Martine, kleine grote zus van me. Jij en Marco halen uit het leven wat er voor jullie in zit. 
Nooit klagen, nooit chagrijnig over wat je zou kunnen missen. Jullie zijn een voorbeeld 
voor mij en voor iedereen hoe je ook gelukkig kunt zijn als het leven niet altijd alles eerlijk 
verdeelt. Wat ben ik blij dat ik opgegroeid ben in een gezin met jou als oudste zus. 

Dank je wel Jigal dat je al de helft van mijn leven in voor- en tegenspoed aan mijn zijde staat. 
Jouw bereidheid om soms een stapje opzij te doen, was in dit hele proces onontbeerlijk. 
Laten we volop genieten van rustiger vaarwater. 

Lieve Meijer en Ada, jullie zijn onze fantastische kinderen en de grootste bron van vreugde 
in ons leven. 

En tot slot, lieve Dieuwertje, als een vlindertje vloog je langs. Geen dag gaat er voorbij 
waarop ik niet even aan je denk. Ik sta nu hier omdat jij er was en daardoor ben je er voor mij.
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