
Induction of labour or expectant management for suspected 
macrosomia in term pregnancies: a randomised controlled trial 

Literature review 

Before Caesarean section became reasonably safe, induction of labour for suspected 
macrosomia was performed because it was thought to prevent severe cephalopelvic 
disproportion and its associated maternal mortality and severe morbidity1. Nowadays, 
some obstetricians induce labour at term when the fetus is estimated to be either large 
for gestational age or macrosomic, while other prefer to wait until spontaneous onset of 
labour2. Maternal anxiety may be increased by the delivery of a large infant, but women 
may be reluctant to opt for labour induction. Large-for-dates fetus refers to an estimated 
weight above the 90th percentile, or more, in utero, while macrosomia is defined as 
birthweight above 4000 g or a greater cut-off3. 

The purpose of labour induction in case of suspected fetal macrosomia is to limit fetal 
growth during the last weeks. This intervention is believed to reduce the likelihood of 
caesarean section and of difficult operative delivery, which may possibly result in 
maternal or perinatal morbidity4. Observational studies cast doubts on the effectiveness 
of such a policy5, 6. Two randomised controlled trials compared a policy of labour 
induction with expectant management in women with suspected large fetus7-9. These 
studies were of too small sample size to have sufficient power to show differences 
according to the evaluated policies. 

For a policy of induction to be effective, large for gestational age fetuses must be reliably 
identified before they become macrosomic. Estimation of the fetal weight is difficult. 
Clinical estimation based on manual palpation of the uterus or uterine height 
measurements, as well as ultrasound scanning are currently used methods to attempt at 
predicting the fetal weight. The predictive value of such tests, especially for large 
fetuses, is controversial10. This may be one of the limitations of a policy of induction of 
labour for suspected macrosomia. 

Another limitation of labour induction for suspected fetal macrosomia is the potential 
side effects of labour induction, irrespective of the indication for such an intervention. 
Few randomised controlled trials comparing induction of labour with spontaneous labour 
onset were conducted. Some trials evaluated elective induction of labour before 41 
weeks of gestation11. Labour induction was also evaluated in women with premature 
rupture of membranes and in post-term (beyond 41 weeks) pregnancies12, 13. Beside 
the above-mentioned trials, several retrospective studies were conducted14. These 
retrospective studies are of limited validity, because potential confounding factors may 
bias the estimate of the risk associated with labour induction. 

1 Definition: Large for Gestational Age and macrosomia 

Macrosomia is usually defined by a birthweight above 4000 g or greater cut-offs.15 
Several limits are proposed, as the incidence of maternal and neonatal morbidity is 
increasing with increasing weight. Guidelines for obstetric management are usually 
based on a cut-off of 4000 g and 4500 g.16, 17  
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A large for gestational age fetus is usually defined when the estimated weight is above 
the 90th percentile, or a greater cut-off, for the gestational age at which the estimation 
was made. This estimate is made to predict the delivery of a macrosomic infant. 
Similarly, an infant is large for gestational age when birthweight is above the 90th 
percentile for the gestational age at birth. Numerous reference charts, based on 
birthweight, have been proposed. Recently, charts based on a large collaborative study 
in the French population have been developed.18 Birthweights at the 90th and the 95th 
percentile for the 36th to 42nd week of pregnancy are reproduced below. Male fetuses 
estimated at more than the 90th percentile and female fetuses estimated at more than 
the 95th percentile are at risk of having a birthweight of more than 4000 g at 40 weeks, 
which is the average gestational age at delivery when no intervention is performed. 

 Boys Girls 
Week p90 p95 p90 p95 
36 3354 3534 3225 3405 
37 3555 3727 3416 3588 
38 3731 3896 3584 3748 
39 3884 4044 3729 3887 
40 4017 4076 3854 4009 
41 4131 4296 3958 4117 
42 4227 4408 4042 4212 

 

2 Etiologic factors of macrosomia 

The growth and development of the fetus are regulated by and dependent on numerous 
factors that includes genetic and hormonal factors, uterine environment, placenta 
function and the availability of nutrients to mother and fetus. 

The initial drive for growth is genetic. By mechanisms that remain poorly defined, there 
is a genetic control of cell growth and differentiation that is the basic determinant of 
species size at birth. Male gender contributes approximately 150-200 g of increased 
birthweight, compared with female infants at term. Macrosomia as part of genetic 
syndrome accounts for only a small portion of cases. Specific syndromes, including 
Beckwith-Wiedemann, Sotos and others rare syndromes are associated with fetal 
macrosomia. 

Maternal weight before pregnancy is an important determinant of fetal weight19. Parous 
women are two to three times more likely than nulliparous women to have macrosomic 
infants20. Multiparity and age over 35 years are also significant risk factors for 
macrosomia21. Some authors showed that birthweight has increased over time. 

The difference in fetal size becomes apparent in the third trimester. Fetal growth in late 
gestation can be considered the result of the interrelation between the genetic cause of 
growth and constraining influences that inhibit growth. The balance between genetic and 
exogenous influences (maternal nutrition, placental factors) is probably controlled by 
fetal hormones. Clinical and experimental evidence has indicated that insulin can be 
considered as the true fetal growth hormone.22 Nesidioblastosis, an autosomal 
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recessive genetic disorder, is a diffuse or disseminated proliferation of pancreatic islet 
cells associated with macrosomia. Chronic fetal hyperglycaemia accelerates the 
development of insulin secretory mechanisms, predisposing infants of mothers with 
diabetes to have higher levels of insulin and macrosomia.  

3 Consequences of macrosomia 

3.1 Cephalopelvic disproportion and maternal morbidity 

Cephalopelvic disproportion is defined as a disparity between the size of the fetal head 
and the size of the maternal pelvis, precluding vaginal delivery. Clinically, CPD is 
diagnosed when labour is prolonged. 

A large fetal weight is associated with an increased risk of cephalopelvic disproportion, 
dysfunctional labour, and failure of engagement of the fetal head. As a consequence, 
the risk of caesarean section and instrumental delivery is increased. Long-term 
complications, including perineal trauma, urinary and fecal incontinence are more 
frequent when the fetus is large.23, 24 

The risk of caesarean section is increased 2 to 3 times when the fetus is macrosomic.25 
Maternal morbidity associated with caesarean section includes thromboembolism, 
haemorrhage, wound complications, endometritis and urinary tract infection.2 The risk of 
complications is higher when the caesarean section is performed as an emergency, 
compared to elective procedures.26 Prolonged first and second stage of labour is more 
frequent when the fetus is macrosomic.27 Use of oxytocin for labour augmentation may 
cause uterine hyperstimulation, with the attendant risk of fetal heart rate abnormalities. 
Prolonged second stage of labour leads to instrumental delivery, which is associated 
with maternal morbidity (uterine rupture, cervico-vaginal, perineal and anal sphincter 
tears, and haemorrhage). A large study conducted in Switzerland showed that 
prolonged first and second stage of labour, caesarean section and operative delivery 
are significantly more frequent when birthweight is more than 4500 g28. 

3.2 Shoulder dystocia and neonatal morbidity 

Shoulder dystocia is a dramatic emergency with devastating consequences for both the 
mother and the neonate. The cause of the dystocia is the impaction of the anterior 
shoulder on the symphysis pubis.29 Shoulder dystocia is defined as a delivery of the 
shoulders requiring manoeuvres in addition to downward traction and episiotomy. A 
specific duration between the delivery of the fetal head and the completion of the 
delivery, i.e. more than 60 seconds, was also proposed to define shoulder dystocia.30, 31 
The incidence of shoulder dystocia in the general obstetric population was estimated to 
be between 1% and 4% of vaginal births in vertex presentation17. The estimate depends 
on the population and the criteria used to define shoulder dystocia. The retrospective 
nature of most of the studies may also underestimate the incidence of this accident.31  

The risk of shoulder dystocia is associated with higher fetal weight32. Diabetes during 
pregnancy is a significant risk factor, because of the risk of large-for-dates fetus and of a 
larger biacromial diameter. Other risk factors include prolonged first and second stage of 
labour, instrumental delivery and past history of shoulder dystocia.33 When birthweight is 
above 4000 g, the risk of shoulder dystocia was estimated to be 10 times higher than 
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with lower birthweight34. The relative risk when birthweight is above 4500 g is about 20, 
compared to average weight infants.28 

Maternal and neonatal morbidity following shoulder dystocia are severe. Among 98 
women with shoulder dystocia, 19% had severe perineal tears, 14% had postpartum 
haemorrhage and 1% had uterine rupture, compared to 0.5%, 0.4% and 0.06%, 
respectively, in the general obstetric population of the same hospital35. Shoulder 
dystocia was found to be significantly associated with perineal morbidity, in a study 
including 390 women with 4th degree perineal tear36. 

Neonatal complications in case of shoulder dystocia include brachial plexus injury, bone 
fracture, asphyxia and death. In the case of shoulder dystocia, 12% are complicated by 
brachial plexus palsy, 4% by severe asphyxia and 0.3% by neonatal death.37 Erb-
Duchenne palsy, the most frequent trauma of the brachial plexus (80%), results from 
injury of C5-C6 roots38. Affected neonates have adducted arm, with internal rotation, 
extension of the elbow and pronation of the forearm. This palsy improves in 80% of the 
cases after 3 to 6 months.39 Klümpke palsy involves the lower roots (C7-T1) of the 
brachial plexus. The prognosis is poorer, as only 40% recover after 6 months. A 
combination of both palsies has an even worse prognosis. The clavicle is the bone 
which is the most frequently fractured during a traumatic delivery. This occurs in 0.4% to 
1.1% of all deliveries, and a relative risk of 5 was reported with high birthweight28. The 
incidence may be underestimated, as some fractures are not diagnosed. These 
fractures usually heal spontaneously without sequelae, but are cause of concern for 
both the medical staff and the parents. Perinatal death following shoulder dystocia is 
rare. A total of 56 deaths were reported voluntarily in the UK, which gives an incidence 
of 2/100 000 births 40. In Kuwait, a mortality of 7% among 96 cases of shoulder dystocia 
was observed35 

Prompt diagnosis and treatment of shoulder dystocia are important to minimise the 
consequence of this dramatic emergency. Birth asphyxia is a consequence of delay, 
with cord blood pH decreasing by 0.04 units per minute after the delivery of the head. In 
macrosomic fetuses, severe neonatal asphyxia is reported in 1.4% after a delivery 
without shoulder dystocia and in 14.3% with shoulder dystocia. Shoulder dystocia was 
shown to be a significant and independent risk factor for the occurrence of neonatal 
seizures41. 

In a decision analysis model, Rouse and Goldenberg estimated the cost-effectiveness of 
elective caesarean section for the prevention of morbidity related to the delivery of large-
for-dates fetuses42. The risk of shoulder dystocia was estimated to be 7% when 
birthweight is between 4000 to 4499 g in non-diabetic women and 14% in diabetic 
women. With a birthweight of more than 4500 g, the risk increased to 15% and 50%, 
respectively. Because of the difficulties in estimating fetal weight and the risks and costs 
associated with caesarean section, their conclusions were that an elective caesarean 
section to prevent shoulder dystocia is not recommended when fetal weight is below 
4500 g, or 4200 g in diabetic women. Given the low cost-effectiveness ratio of elective 
caesarean section, induction of labour might be an alternative strategy to prevent the 
occurrence of shoulder dystocia and its consequences. 
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4 Detection of macrosomia 

For a policy of induction of labour to be effective, large for gestational age fetuses must 
be reliably identified before they become macrosomic. Clinical estimation based on 
manual palpation of the uterus or uterine height measurements, as well as ultrasound 
scanning are currently used methods to attempt at predicting the fetal weight. The 
predictive value of such tests, especially for large fetuses, is controversial.10 Maternal 
estimates of fetal weight, compared to that of a previous pregnancy, are as reliable as 
the estimation made by clinicians43. The limitation of this approach is that it is not 
applicable to nulliparous women. 

4.1 Clinical estimates of birthweight 

Clinical estimates of fetal weight are usually based on Leopold manoeuvres or on 
symphysis fundus height measurement.44 These estimates were said to be less precise 
at the extremes of birthweight45. Reported sensitivity and specificity of clinical estimates 
of fetal weight, based on Leopold manoeuvres, vary greatly. When clinical estimates of 
fetal weight were assessed in comparison with a birthweight 4000 g or more, 
sensitivities ranged from 24 to 97% with specificities ranging from 98 to 82%. Clinical 
estimates were analysed with the use of ROC curve. The area under the curve for 
clinical estimates was 0.84, significantly greater than 0.50, which is the area under the 
curve of a useless test46. The authors of a recent review conclude that clinical 
estimation of fetal weight is a useful test for predicting birthweight.47  

Other authors estimated the prediction of birthweight above 4000 g based on symphysis 
fundus height measurement.48, 49 A height of more than 38 cm was shown to be 
accurate in the prediction of birthweight above 4000 g. 

4.2 Sonographic estimates of birthweight 

Ultrasound is the most commonly used and widely studied method for fetal weight 
estimation. Sonographic methods for the diagnosis of macrosomia were developed to 
improve clinical estimates. Most sonographers use fetal biparietal diameter, abdominal 
circumference and femur length to estimate fetal weight. These parameters are 
combined using data-derived formulas, which best fit the specific population from which 
the method was developed. Using any of the formulas with other populations yield errors 
of 7 to 10%. Benacerraf reported the prediction of birthweight in 1301 fetuses, of which 
324 were greater than 4000 g, by sonographic estimated fetal weight based on 
abdominal diameter and biparietal diameter. The sensitivity was 65% and the specificity 
was 90% for predicting a birthweight greater than 4000 g. In the same group of women, 
the sensitivity improved to 82% and the specificity decreased to 79% when a cut-off off 
3800 g was used for the estimated fetal weight instead of 4000 g. 

4.3 Comparison between clinical and sonographic estimates of fetal weight 

A meta-analysis of studies in which both clinical and sonographic estimates were 
performed showed that 67% of clinical estimates and 66% of sonographic estimates 
were within 10% of the actual birthweight.47 The mean absolute error of clinical and 
sonographic estimates of birthweight was 300 g. Among reports of comparison between 
clinical and sonographic estimates, three reported the accuracy of clinical estimates 
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when the birthweight was ≥4000 g. In these studies, 58% of clinical estimates were 
within 10% of birthweight, compared with 51% of sonographic estimates46, 50, 51. 

When clinical estimates of fetal weight were compared with sonographic estimates in 
parallel samples, clinical estimates performed favourably. A large study compared 
clinical and sonographic suspicion of macrosomia (fetal weight at or above 4000 g), with 
actual macrosomia, defined as birthweight at or above 4000 g. Clinical diagnosis had a 
sensitivity of 54% and a positive predictive value of 60%, while sonographic diagnosis 
had a slightly higher sensitivity (71%), but lower positive predictive value (55%). ROC 
curves for both clinical and sonographic predictions of macrosomia subsume areas 
between 0.81 and 0.95, significantly larger than the area of 0.5 that indicates a useless 
test. Thus, these tests are defined as useful from a statistical point of view. Prediction of 
macrosomia by clinical techniques and ultrasound is limited by false positives and false-
negatives cases, but, nevertheless, these tests identify a population with high risk of 
macrosomia.  

To prepare this randomised controlled trial, we have also evaluated the reliability of fetal 
weight estimates performed in our clinic. In a sample of 136 pregnancies with 
birthweight of 4000 g or more and 153 randomly selected controls. These controls 
represent a known fraction (1:8) of the total births in our clinic during the same period, 
and computations were adjusted to take into account the sampling procedure. 
Sensitivity of the clinical estimate was 61% and predictive value was 49%. With a similar 
methodology, sonographic estimates had a sensitivity of 73% and a positive predictive 
value of 71%. Our results were similar to those reported in the literature. We have also 
evaluated retrospectively the risk of caesarean section for women having induction of 
labour. As the indication for induction of labour was not recorded in our database, we 
included women delivered at 37 to 39 weeks with a neonate with birthweight above 
3800 g, a group in whom the majority of inductions are performed for suspected large-
for-dates fetus. Primiparous women with induction of labour had a higher risk of 
caesarean section, compared to women who had spontaneous labour. The risk was 
similar in multiparas. Limitations of this analysis include its retrospective nature and that 
we were unable to adjust for potential confounders. 

5 Induction of labour for suspected macrosomia 

Many obstetricians induce labour at term when the fetus is estimated to be either 
large for gestational age or macrosomic. The purpose of labour induction in case of 
suspected fetal macrosomia is to reduce the likelihood of Caesarean section and of 
difficult operative delivery, possibly resulting in maternal or perinatal morbidity. 
Observational studies cast doubts on the effectiveness of such a policy.6, 52 For a 
policy of induction to be effective, large for gestational age fetuses must be reliably 
identified before they become macrosomic. This may be one of the limitations of a 
policy of induction of labour for suspected macrosomia. 

Two randomised controlled trials comparing induction of labour to expectant 
management when the fetus is suspected to be macrosomic were included in this 
review.7, 8 Women were included when fetal weight, estimated by ultrasound 
examination, was between 4000 g and 4500 g7 or between 4000 g and 4750 g8. 
Diabetic women were excluded from both trials. A computer-generated table of 
random numbers was used in both studies. The method for concealment of the 
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allocation was by sealed, sequentially numbered, opaque envelopes in one of the 
trials8, while the method was not described in the other report7. The method used for 
labour induction was dependent on the cervical status (prostaglandins for cervical 
ripening in the case of an unfavourable cervix, otherwise oxytocin infusion). In one of 
the trials7, elective Caesarean section was performed when estimated fetal weight 
was greater than 4500 g and women in the expectant management group underwent 
induction of labour upon completion of 42 weeks of gestation. 

A total of 313 women were included in the two studies. Compared to expectant 
management, induction of labour for suspected macrosomia did not reduce the risk 
of caesarean section (Odds ratio 0.85, 95% confidence interval 0.50 to 1.46) or 
instrumental delivery (OR 0.98, 95%CI 0.48 to 1.98). Shoulder dystocia was similar 
between groups (OR 1.07, 95%CI 0.41 to 2.81). Perinatal morbidity was infrequent 
and similar between groups. Two cases of brachial plexus injury and 4 cases of 
fracture were reported in the expectant management group. Three and two cases of 
intracranial haemorrhage were diagnosed by sonography in the induced and 
expectant group, respectively.7 No information is available regarding mother’s views 
on their care, urinary and fecal incontinence, and sexual dysfunction or on other long-
term morbidity. There is presently no evidence that induction of labour for suspected 
fetal macrosomia modifies the risk of caesarean section or instrumental delivery. The 
studies were however of too small sample size to exclude even large effects on these 
outcomes. There is also very limited evidence to quantify the effect on maternal and 
neonatal morbidity.9 

6 Risks associated with induction of labour 

The results of numerous observational studies suggested that induction of labour is 
associated with an increased risk of caesarean section14, 53-57. Two other observational 
studies, conducted in contexts of very high rates of labour induction (35 and 50% 
respectively), reported a 30% reduction in the risk of caesarean section associated with 
labour induction58, 59. It is likely that residual confounding by the indication may bias the 
above estimates of risk associated with labour induction. 

We conducted a retrospective cohort study in a tertiary care hospital in Quebec 
(Canada).14 A total of 7430 women, not referred from another institution, with a single 
baby in vertex presentation and delivering between 38 and 40 weeks of pregnancy were 
included. Among these women, 3546 were excluded for pre-labour pregnancy 
complications. Relative risks (RR), adjusted for parity, were computed to compare 3353 
women who went into labour spontaneously with 531 women whose labour was 
induced. Induction of labour was found to be associated with a higher risk of caesarean 
section (RR 2.4, 95%CI 1.8, 3.4). Use of non-epidural (RR 1.5, 95%CI 1.2, 1.8) and of 
epidural analgesia (RR 1.4, 95%CI 1.1, 1.7) was more frequent after labour induction. 
Resuscitation (RR 1.2, 95%CI 1.0, 1.5), admission to the intensive care unit (RR 1.6, 
95%CI 1.0, 2.4) and phototherapy (RR 1.3, 95%CI 1.0, 1.6) were more frequent after 
induction of labour. Results were similar when controlling simultaneously for parity, 
maternal age, gestational age, year of delivery, birthweight and the physician in charge 
of delivery in a logistic regression analysis. The results of this study suggest that 
induction of labour is associated with a higher risk of caesarean section and of some 
perinatal adverse outcomes. Induction of labour should be reserved for cases where 
maternal and perinatal benefits outweigh the risk of these complications. It is therefore 
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important to evaluate the balance between the benefits and the risks in specific 
situations, e.g. in suspected macrosomia. 

In contrast with the results of observational studies, randomised controlled trials 
evaluating labour induction do not show an increased morbidity associated with the 
intervention. A systematic review of randomised controlled trials showed elective 
induction of labour before 41 weeks to be associated with more use of non-epidural 
analgesia, more operative vaginal deliveries and a reduction of meconium stained 
amniotic fluid, but there was no difference in caesarean section between groups11. A 
large trial, including women with post-term pregnancy (>41 weeks), showed a reduction 
in the risk of caesarean section when induction of labour was performed, compared to 
expectant management.12 A systematic review of the randomised controlled trials 
suggested that routine induction of labour after 41 weeks reduced perinatal mortality 
(OR 0.2, 95%CI 0.1 to 0.9) and the risk of caesarean section (OR 0.9, 95%CI 0.8 to 
1.0). In women with prelabour rupture of membranes, induction of labour was shown to 
decrease the risk of infection, of perinatal mortality without increase in caesarean 
section, when compared to expectant management.13 For pregnant diabetic women 
treated with insulin, a relatively small trial suggested that induction of labour at 38 weeks 
do not increase the risk of caesarean section60, 61. 

We have conducted a systematic review on “Induction of labour for suspected 
macrosomia” for the Cochrane Collaboration.9 We searched Medline and the Cochrane 
Controlled Trials Register. The results of this systematic review and meta-analysis are 
reported above. It should be noted that, in both trials, groups had similar mean 
gestational age at delivery and mean birthweight. Both studies included pregnancies 
around 40 weeks with an estimated fetal weight of more than 4000 g. The intervention 
was possibly not performed early enough to avoid excessive birthweight and to 
decrease maternal and neonatal risks associated with macrosomia.9 Our conclusions 
were that there is presently no evidence that induction of labour for suspected fetal 
macrosomia decreases or increases the risk of caesarean section, instrumental delivery, 
and maternal or neonatal morbidity. The studies were however of too small sample size 
to exclude even large effects on these outcomes.9 We performed also a systematic 
review on “Elective delivery in diabetic pregnant women”, a subject related to 
macrosomia61. This review also showed that evidence is limited for evidence-based 
decision-making in this situation. 

There is at present no valid evidence that induction of labour for specific indications 
increases the risk of caesarean section or of other maternal or neonatal morbidity. 
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