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Caesarean sections are associated with 
sonographic determined fetal size from the 

second trimester onwards
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Abstract: Human birth represents a critical and life-threatening event in the life of mother and child and is 
therefore of special importance for anthropological as well as public health research.
Study aims: to analyze the association patterns between fetal biometry and delivery modes from the first 
trimester onwards.
In this electronic medical record-based study, a dataset of 3408 singleton term birth taking place at the Vi-
ennese Danube hospital in Austria. was analyzed. Fetal biometry was reconstructed by the results of three 
ultrasound examinations carried out at the 11th/12th, 20th/21th and 32th/33thweek of gestation. In detail, 
crown-rump length, biparietal diameter, fronto-occipital diameter, head circumference, abdominal trans-
verse diameter, abdominal sagittal diameter, abdominal circumference, and femur length were determined. 
Birth weight, birth length and head circumference were measured immediately after birth. Four delivery 
modes were compared: spontaneous vaginal birth, instrumental vaginal birth, planned cesarean section and 
emergency cesarean section.
The total cesarean section rate was 10.2%. Fetal biometry and newborn size differed significantly between 
the four delivery modes. From the second trimester onward, head circumferences were significantly larger 
(p=0.005) among fetuses delivered by instrumental delivery or emergency cesarean section than among 
fetuses delivered by spontaneous vaginal birth. The fetal abdominal dimensions during the third trimester 
were significantly largest (p=0.001) among fetuses delivered by emergency cesarean section. In compari-
son to spontaneous vaginal delivery the risk to require instrumental delivery increased significantly with 
increasing fetal head dimensions at the second (p=0.019) and third trimester(p=0.032) independent of 
maternal somatic factors. The risk of emergency CS increased significantly with increasing head dimen-
sions (p=0.030) as well as abdominal dimensions (p=0.001) at the third trimester and newborn size 
(p=0.002), also independently of maternal somatic factors.
In general, larger fetuses are on an increased risk of experiencing instrumental delivery or emergency 
caesarean section. This association between fetal size and delivery mode is detectable from the second 
trimester onwards.
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Introduction

Human females experience painful and 
dangerous deliveries, which take much 
longer than in other mammals, even in 
nonhuman primates (Shipman 2013). 
Throughout human history, pregnancy 
and in particular childbirth, increased 
maternal and offspring mortality and had 
in this way an important impact on nat-
ural selection (Rosenberg 1992, Rosen-
berg and Trevathan 2018). Consequently, 
pregnancy and childbirth are seen as life 
threatening events and were focused on 
predominantly from a medical viewpoint. 
From a bioanthropological perspective 
however childbirth is not a disease per se 
but an essential part of female life histo-
ry. Life threatening complications arising 
with childbirth are discussed as a conse-
quence of evolutionary trends, typical of 
Homo sapiens (Krogman 1951, Washburn 
1960, Wells et al. 2012, Warrener et al. 
2015, Wells 2015, Rosenberg and Trev-
athan 2018).

Even today, several hundred thousand 
women die on account of pregnancy and 
childbirth every year and an even larger 
number of women suffer from long term 
health complications associated with par-
turition (Alkema et al. 2016). Accord-
ing to the World Health Organization 
(WHO), 2017 more than 800 women 
died every day from preventable caus-
es associated with pregnancy and birth 
worldwide (WHO 2019). During our 
evolution and history, several cultural ad-
aptations or coping strategies have been 
developed to reduce the risk of delivery 
(Rosenberg and Trevathan 2002, Rosen-
berg 1992, Trevathan 1993, Buck 2011, 
Rosenberg and Trevathan 2014). During 
the last century, surgical procedures such 
as cesarean sections (C-section) gain in 
importance (Todman 2007). There is no 

doubt, that C-section is a safe and life-sav-
ing surgical technique, which helps to 
reduce maternal and offspring mortality 
drastically (Gabbe and Holzmann 2001). 
Consequently, C-sections are one of the 
most frequently performed surgeries in 
women of reproductive age (Betran et al. 
2016, Boatin et al. 2018). Currently, the 
average global rate of CS is about 18.6%, 
the prevalence however, differs mark-
edly between different regions but also 
between different social strata within a 
country (MacFarlane et al. 2015, Boatin 
et al. 2018). The worldwide rising rates of 
C-sections however, are subject to grow-
ing concern (Vilar et al. 2007, Molina et 
al. 2015, Saeed et al. 2017). We have to 
be aware, that C-section rates increased 
up to more than 50% in several Latin 
American countries such as Dominican 
Republic (56.4%) or Brazil (55.6%) and 
in Near and Middle Eastern countries 
such as Egypt (51.8%), Iran (47.9%) or 
Turkey (47.5%) (Betran et al. 2016). High 
C-section rates are also found in western 
high-income countries. The critical dis-
cussion of “optimal” C-section rates is 
mainly due to the recommendations of 
the World Health Organization (WHO), 
which suggest that C-section rates above 
10% make no further reduction of mor-
tality and C-section rates above 15% may 
increase maternal morbidity and mortali-
ty (WHO 1985). Consequently, the World 
health organization recommends C-sec-
tion rates of 10 to 15% (WHO 2009).

An increasing number of studies fo-
cused on the reasons of rising C-section 
rates. We have to distinguish between so-
cially induced C-sections, which are car-
ried out sometimes without any medical 
indication. Typical social factors enhanc-
ing C-section rates are high maternal 
socioeconomic status, private insurance, 
or maternal request without medical in-
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dication (Henderson et al. 2001; Mar-
shall et al. 2011, Tarney 2014; Herstad 
et al. 2016). The most frequently cited 
biomedical reasons for C-sections are 
obstructed labor, fetal malposition, mul-
tiple gestation, problems with fetal heart 
rate, fetal macrosomia, cephalo-pelvic 
disproportion, short maternal stature 
height, maternal obesity and advanced 
maternal age (Chui et.al 2007, Kirchen-
gast and Hartmann 2007, Poobalan et al. 
2008, Machado 2012, Blomberg 2013, 
Declerq et al. 2015, Kara et al. 2015, 
Kirchengast and Hartmann 2019). In the 
present study, the impact of fetal biome-
try on delivery mode is focused on.

Recently dramatic changes of our life 
style seem to enhance the risk of C-sec-
tions (Kirchengast and Hartmann 2019). 
Diabetes and obesity rates among wom-
en of reproductive age increase world-
wide (Kangura et al. 2017, Chen et al. 
2018), a condition, which is associat-
ed with increased fetal size, particular 
macrosomia, i.e. a birth weight above 
4000g (Catalano et al. 2012, Mitra et al. 
2012). Increased fetal size, in particular 
large fetal head circumference, however 
is strongly associated with the risk of 
complications during delivery, such as 
obstructed labor, which may require an 
emergency C-section (Stock et al. 1994, 
Mocanu et al. 2000; Stotland et al. 2004, 
Lipschuetz et al. 2015). Consequently, 
a strong association between maternal 
obesity and C-section rates can be ob-
served (Seligman et al.2006; Yamasato 
et al. 2016, Kirchengast and Hartmann 
2017). A special problem represents 
the dual burden of malnutrition: Food 
shortages and others stress factors re-
sult in stunting and consequently a high 
frequency of short adult stature in many 
low-income populations. On the other 
hand, obesity rates rise, even in low and 

middle-income countries, resulting in a 
combination of short maternal stature 
and maternal obesity, a condition, which 
increases large fetal size, a disproportion 
between the fetus and the maternal pel-
vis and consequently birth complications 
and the risk of C-sections dramatically 
(Wells et al. 2018).

 The concerns regarding excessive 
C-section rates mentioned above, plead 
for a detailed analysis of potential fetal 
biometric risk factors of C-sections in 
order to identify potential biometric pa-
rameters, which may help to predict the 
risk of C-sections as early as possible. So-
vio and Smith (2017) demonstrated that 
ultrasound estimated fetal weight at 36th 
week of gestation, combined with mater-
nal factors can identify women who are 
at increased risk of emergency C-section. 
Most studies focused on the association 
between ultrasound measured fetal head 
size parameters during the third trimes-
ter or even within one week of delivery 
and the risk of C-section (DeVries et al. 
2016, Lipschütz et al. 2018, Yang et al 
2017, Burke et al. 2012). De Vries et al. 
(2016) showed in their population-based 
cohort study a strong independent asso-
ciation between birth weight, neonatal 
head circumference and C-section rates. 
According to Lipschütz et al. (2018) a 
sonographic head circumference above 
35cm measured within one week of deliv-
ery was an independent risk factor of un-
planned C-section. Yang et al (2017) re-
ported a significant association between 
fetal biometry in the third trimester and 
C-section. All these observations help 
to predict the risk of C-section based on 
fetal biometry, however exclusively fetal 
biometry of the late third trimester was 
included in the analyses.

The aim of the present study was to 
analyze the association patterns between 
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fetal biometry and delivery modes from 
the first trimester onwards. We hypoth-
esize, that increased fetal size from the 
first trimester onwards increase the risk 
of C-sections and instrumental delivery 
independently of maternal parameters 
(age, body height, weight status, gesta-
tional weight gain). In order to concen-
trate on the impact of fetal growth pat-
terns on the mode of delivery a highly 
selective sample of births was analyzed. 
Multiple births, breech presentation, 
maternal age below 18 years, mater-
nal diseases and assisted fertilization, 
which are well documented risk fac-
tors of C-sections, have been defined 
as exclusion criterions. In order to an-
alyze newborns of similar gestational 
age only term births taking place at the 
39th and 40th gestational week have been 
included.

Material and methods
Data set

In this electronic medical record-based 
study the data of 3408 singleton births 
were included. All births took place at 
one of the largest public birth clinics, 
the so-called Danube hospital, in Vien-
na, Austria between 2005 and 2013. The 
Danube hospital covered about 15% of 
all births taking place in Vienna. Since 
social insurance is mandatory for every-
body living permanently in Austria, the 
great majority of women (81%) give birth 
at a public birth clinic. Pregnant women 
can choose freely that public birth clinic 
where delivery should take place. Less 
than 20% of births in Vienna take place 
at private birth clinics. These private 
birth clinics are frequented by women 
who have a private insurance addition-
ally. Altogether, there are 8 public birth 

clinics in Vienna. The Danube hospital 
belongs to the three largest public birth 
clinics in Vienna. Between 2005 and 
2013 a total of 17430 births took place 
at the Danube hospital, however 3408 
births fulfilled the very strict inclusion 
criterions such as term birth (39th and 
40th gestational week) of healthy nul-
liparous mothers of Austrian or Central 
European origin. Healthy was defined as 
the absence of HIV infection, gestation-
al diabetes, nephropathy, alcohol abuse, 
high blood pressure. Furthermore, a nor-
mal head presentation of the fetus was a 
strict inclusion criterion, while irregular 
fetal positions such as breech presen-
tation or transverse presentation were 
strict exclusion criterions, because both 
affect the mode of delivery. Any type of 
medically assisted reproduction such as 
IVF was excluded. That process yielded 
the final set of 3408 recorded births. The 
flowchart of the study population selec-
tion is presented in Figure 1.

This retrospective data collection was 
possible because of the standardized pre-
natal and postnatal care in Austria. All 
Austrian residents have social insurance 
that covers all medical costs in public 
hospitals. During the 1970s the sophis-
ticated system of the so called “moth-
er-child-passport” was introduced. Pre-
natal care usually starts at the 8th week of 
gestation and includes seven check-ups 
during pregnancy. A minimum of three 
sonographic investigations of the fetus 
are mandatory (at the 11th/12th week, 
21th/22th week and at 32th/33th). Addi-
tionally, maternal health, diseases, smok-
ing behavior and gestational weight gain 
are documented. Prenatal examinations 
are performed in consulting rooms of 
gynecologists or at the clinic where birth 
is scheduled to take place. After birth, 
the delivery mode, birth complications, 
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duration of delivery, newborn size and 
Apgar scores are documented. Between 
birth and the fourth years of life eight 
postnatal check-ups of the child in pedi-
atrician consulting rooms are mandatory. 
All pre- and postnatal check-ups are free 
of charge for Austrian residents. All data 
collected at the individual checkups are 
documented at the hospital and in the 
above passport, which belongs to the 
mother. Complete mother-child-pass-
ports are rewarded with a financial pre-
mium by the government.

Prenatal examinations – fetal 
biometry

Gestational age was calculated in terms 
of the number of weeks from the begin-
ning of the last menstrual bleeding to the 
date of delivery (= duration of amenor-
rhea) and by two consecutive ultrasound 
examinations performed before the 12th 
week of gestation.

Fetal growth patterns were recon-
structed by the results of three ultra-
sound examinations. The first examina-

Fig. 1. Flowchart showing the inclusion and exclusion criteria used for extracting data
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tion took place at the 11th or 12th week 
of gestation (first trimester), the second 
examination took place at the 20th/21th 

gestational week (second trimester) and 
the third examination at the 32th/33th 
week of gestation (third trimester). Con-
sequently, the fetuses could vary in age 
up to at least two weeks at each trimes-
ter. Therefore, the raw measurements 
were adjusted to a single gestational 
week for each trimester separately before 
using them for statistical analyses. All 
transabdominal ultrasound examinations 
were performed by a limited number of 
trained specialists (<15 examiniers) us-
ing Voluson 730 and Voluson S6 (GE 8) 
ultrasonography. The following routine 
sonographic measurements, performed 
according to Hadlock´s criteria (Hadlock 
et al.1982a,b,c) were documented. At the 
first scan (11th or 12th gestational week) 
crown-rump length was determined. At 
the second (20th or 21th gestational week) 
and the third examination (32th or 33th 
week of gestation) biparietal diameter, 
fronto-occipital diameter, head circum-
ference, abdominal transverse diameter, 
abdominal sagittal diameter, abdominal 
circumference and femur length were 
measured. Crown-rump length was de-
fined as the distance between the top of 
the head (crown) to the bottom of the 
buttocks (rump). Femur length was mea-
sured from the greater trochanter to the 
lateral condyle. Biparietal diameter was 
defined as the distance from the proxi-
mal outer table to the distal outer table 
of the skull at the level of the thalamus. 
Fronto-occipital diameter follows a line 
extending from a point just above the 
root of the nose to the most prominent 
portion of the occipital bone. Head cir-
cumference is the measurement around 
the calvarium excluding soft tissues. 
Transverse and sagittal abdominal diam-

eters were taken at the level of the stom-
ach and the bifurcation of the main por-
tal vein into its right and left branches. 
Abdominal circumference was calculated 
(Hadlock et al. 1982a,b,c; Hadlock et al. 
1984; Kurmanavicius et al. 1999a,b; Sni-
jders and Nicolaides 1994; Abdella et al 
2014).

Newborn characteristics

Immediately after birth the following 
parameter were directly taken from the 
newborn: birth weight in grams using a 
digital infant scale, birth length in cen-
timeters using a standard measurement 
board for infants and head circumference 
in centimeters using a tape. A low birth 
weight was defined as < 2500g, a high 
birth weight (macrosomia) as >4000g 
according to the recommendations of the 
WHO (2009).

Maternal parameters

Exclusively nulliparous women ageing 
between 18 and 48 years (mean=28.1; 
SD= 5.3) were enrolled in the present 
study. Beside medical anamnesis, family 
status and nicotine consumption of the 
pregnant women were obtained by inter-
view at the first prenatal visit (8th week 
of gestation). Nicotine consumption was 
assessed as follows: not smoking, 1 to 
10 cigarettes per day, 11 to 20 cigarettes 
per day and more than 20 cigarettes per 
day. Additionally, the following maternal 
somatometric parameters were collect-
ed according to the recommendations of 
Knussmann (1988) at the first prenatal 
visit: Height and pre-pregnancy weight. 
Height was measured to the nearest 
0.5cm using a standard anthropometer. 
Pre-pregnancy weight was obtained by 
interview using the retrospective meth-
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od. Additionally, body weight was mea-
sured to the nearest 0.1kg on a balance 
beam scale. Based on the literature, the 
first 13 weeks of gestation involve an ex-
tremely small weight gain of only 1.7% 
(Gueri et al. 1982). Consequently, pre-
pregnancy weight was calculated as the 
mean value of the reported weight and 
the weight at the 8th week of gestation. 
Additionally, maternal weight was mea-
sured before delivery (=at the end of 
pregnancy). The weight gain during preg-
nancy was calculated by subtraction of 
pre-pregnancy weight from body weight 
before delivery. Maternal pre-pregnancy 
weight status was determined by means 
of the body mass index (BMI) kg/m2 us-
ing height and pre-pregnancy weight. To 
classify maternal weight status, the cut-
offs published by the WHO (2000) were 
used: underweight = BMI < 18.50 kg/
m2; normal weight = BMI 18.50 kg/m2 
to 24.99 kg/m2; overweight = BMI 25.00 
kg/m2 to 29.99 kg/m2; obese = BMI > 
30.00 kg/m2

Obstetrical characteristics

The following obstetric characteris-
tics were recorded: Delivery mode, i.e. 
spontaneous vaginal delivery, instru-
mental delivery (vacuum extraction), 
planned caesarean section and unplan
ned or emergency caesarian section. All 
planned caesarean sections were carried 
out exclusively for medical reasons. In 
the present study, the main reasons for 
planned caesarean sections were ceph-
alo-pelvic disproportion (diagnosed by 
sonography), adverse child presentation 
or placenta previa. Caesarean sections 
upon maternal request without any 
medical indication were not performed 
at the Danube Hospital. The most fre-
quent indications for emergency caesar-

ean delivery were fetal distress and ob-
structed labor.

Statistical analysis

For statistical analyses SPSS for Win-
dows (version 24.00) were used. Group 
differences were tested by Duncan anal-
yses with Bonferroni corrections and 
χ2. Odds ratios have been calculated 
to test the risk of experiencing instru-
mental vaginal delivery or C-sections 
of small for gestational weight new-
borns (<2500g) as well as macrosome 
newborns (>4000g) in comparison to 
normal weight ones (2500–4000g). To 
reduce the high number of fetal biom-
etry variables, factor analyses (varimax 
rotation) were carried out. Binary logis-
tic regression analyses using backward 
elimination method (rejection criterion 
was p-value > 0.05) were carried out to 
test the risk of experiencing instrumen-
tal vaginal delivery or C-sections in com-
parison to spontaneous vaginal births. 
Results of regression analyses have been 
corrected for maternal somatometric pa-
rameters (stature height, prepregnancy 
weight status), maternal age and nico-
tine during pregnancy. Fetal measure-
ments were standardized for gestational 
age. P <0.05 was considered as statisti-
cally significant.

Results
Maternal characteristics

Table 1 summarizes maternal age and 
maternal somatic characteristics. Addi-
tionally, information regarding nicotine 
consumption is provided. Mean age at 
first birth was 28.1 years. 85% of the 
mothers did not smoke during pregnan-
cy. About 65% of the women correspond-



170	 Sylvia Kirchengast, Beda Hartmann

ed to the definition of normal weight be-
fore pregnancy. 18.0% were classified as 
overweight, 9.4% as obese. Only 7.2% 
of the mothers were underweight before 
pregnancy. Gestational weight gain was 
generally high (x=14.6 kg, SD = 5.4). 
The highest gestational weight gain re-
corded was 52 kg. Few women however 
lost weight during pregnancy.

Fetal and newborn characteristics

The number of male newborns (n=1729; 
50.7%) was slightly higher than that of 
female ones (n=1680; 49.3%). Fetal bi-
ometry during first, second and third 
trimester and newborn somatometrics 
are presented in Table 2. Data concern-
ing newborn weight status revealed that 
90.2% of the newborns corresponded to 
the definition of normal weight. Only 
1.6% of the newborns were classified as 
low weight (< 2500g), while 8.2% were 
classified as macrosome, i.e. the birth 
weight exceeded 4000 g.

To reduce the high number of fetal 
and newborn biometric parameters, and 
to obtain more information about the 
structure of the fetal biometric data, a 

factor analysis of all 18 fetal as well as 
newborn biometric variables was com-
puted. After varimax rotation, the fac-
tor analysis yielded seven factors with 
an Eigenvalue above 1.0. Factor 1 with 
an Eigenvalue 5.27 can be interpreted 
as a “3.trimester head factor (3THF)”, 
higher loadings (0.74–0.95) were found 
for the head dimensions (biparietal di-
ameter, fronto-occipital diameter and 
head circumference) at the third scan 
at 32th/33th gestational week. Factor 2 
with an Eigenvalue 2.19 can be classi-
fied as “2.trimester head factor (2THF)” 
higher loadings (0.79–0.96) were found 
the head dimensions (biparietal diame-
ter, fronto-occipital diameter and head 
circumference) at the second scan at 
21st/22th gestational week. Factor 3 
(Eigenvalue 2.03) can be described as 
a “newborn size factor” factor. Higher 
Loadings (0.76–0.87) were found for 
birth weight, birth length and head cir-
cumference. Factor 4 with an Eigenvalue 
of 1.36 is a “2.trimester abdominal factor 
(2TAF)”. Highest loadings (0.74–0.97) 
were found for the abdominal dimen-
sions (abdominal transverse diameter, 
the abdominal sagittal diameter and the 

Table 1. Maternal characteristics (descriptive statistics)

Maternal characteristics mean (SD) range n/(%)
Maternal age (yrs) 28.10 (5.40)6 18–48
Nicotine consumption during pregnancy
	 no 2897 (85.0%)
	 yes 511 (15.0%)
Body height (cm) 165.80 (6.30)6 148–188
Prepregnancy weight (kg) 63.90 (13.40) 041.0–150.5
End of pregnancy weight (kg) 78.50 (13.90) 048.5–149.1
Gestational weight gain (kg) 14.60 (5.40)6 −8.1–52.0.
Prepregnancy body mass index (kg/m2) 23.24 (4.56)6 16.83–52.73
	 < 18.50 kg/m2 245 (7.2%)
	 18.50–24.99 kg/m2 2229 (65.4%)
	 25.00–29.99 kg/m2 614 (18.0%)
	 ≥ 30.00 kg/m2 320 (9.4%)



	 Fetal growth patterns and delivery mode	 171

abdominal circumference) of the 2.scan 
at 20th/21th gestational week. Factor 5 
with an Eigenvalue of 1.29 can be de-
scribed as a 3.trimester abdominal factor 
(3TAF)”. Highest loadings (0.74–0.96) 
were found for the abdominal dimen-
sions (abdominal transverse diameter, 
the abdominal sagittal diameter and the 
abdominal circumference) of third scan 
during third trimester at 32th/33th gesta-
tional week. Factor 6 with an Eigenvalue 
of 1.09 is “femur length factor (FLF)”, 
with higher loadings (0.76 – 0.80) for fe-
mur length of the second and third scan. 
The seventh factor with an Eigenvalue of 
1.023 is the “crown-rump length factor 

(CRLF)”. A higher loading (0.91) was 
found for the crown-crump length of 
the first scan /11th/12th gestational week 
only.

Delivery mode

The majority of the enrolled women ex-
perienced a spontaneous vaginal deliv-
ery (82%). Vacuum extraction was per-
formed among 7.1% of the women. The 
total cesarean section rate was 10.2%. 
The vast majority of the CS were un-
planned (88.2%). 1.2% of all deliveries 
were planned CS, while 9.0% of the de-
liveries required emergency CS.

Table 2. Fetal characteristics (descriptive statistics)

Fetal biometry Mean (SD) range n (%)
First trimester
	 Crown rump length (mm) 60.2 (8.1) 40.0–85.0
Second trimester
	 Biparietal diameter (mm) 52.9 (2.4) 42.8–63.5
	 Fronto-occipital diameter (mm) 67.1 (2.7) 54.1–90.1
	 Head circumference (mm) 188.4 (6.7) 153.7–227.1
	 Abdominal transverse diameter (mm) 49.1 (3.1) 36.2–60.2
	 Abdominal sagital diameter (mm) 51.3 (3.7) 39.6–66.8
	 Abdominal circumference (mm) 157.6 (8.6) 118.6–193.4
	 Femur length (mm) 35.7 (1.8) 28.2–42.4
Third trimester
	 Biparietal diameter(mm) 86.9 (3.4) 073.0–100.5
	 Fronto-occipital diameter (mm) 107.7 (4.6) 081.0–123.3
	 Head circumference (mm) 306.2 (10.9) 244.9–344.5
	 Abdominal transverse diameter (mm) 85.9 (5.2) 067.6–110.0
	 Abdominal sagital diameter (mm) 88.7 (5.5) 070.0–111.5
	 Abdominal circumference (mm) 274.2 (13.4) 228.7–344.0
	 Femur length (mm) 63.4 (2.6) 54.0–73.0
Newborn size
	 Birth weight (g) 3391.9 (428.3) 1745–5110
	 Birth length (cm) 50.7 (1.9) 37.0–58.0
	 Head circumference (cm) 34.2 (1.3) 29.0–43.0
Newborn weight status
	 Low birth weight <2500g 55 (1.6%)
	 Normal birth weight 2500–3999g 3073 (90.2%)
	 Macrosomia >4000g 280 (8.2%)
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Delivery mode and fetal 
characteristics

The mode of delivery differed significant-
ly between male and female offspring. Fe-
male newborns experienced spontaneous 
vaginal delivery more often than their 
male counterparts (85.1% vs. 80.3%). 
In comparison to spontaneous vaginal 
birth, the risk to experience instrumen-
tal delivery, i.e. vacuum extraction as 
well as emergency CS was significantly 
higher among male newborns (see Table 
3). The risk to experience a planned CS 
in comparison to spontaneous vaginal 
birth, however, was higher among female 
newborns.

Furthermore, fetal as well as newborn 
biometry were significantly associated 
with delivery mode. Spontaneous vag-
inal delivery occurred among 69.1% of 
low weight newborns (<2500g), among 
71.8% of macrosome newborns (>4000g) 
and among 83.9% of normal weight 
ones (2500–4000g). The frequency of 
emergency CS was significantly higher 
(p=0.001) among low weight newborns 
(24.0%) as well as among macrosome 
newborns (19.9%) in comparison to nor-
malweight ones (8.7%). The frequency 

of planned CS did not differ significantly 
between normalweight (1.5%) and mac-
rosome newborns (1.5%). Low weight 
newborns however showed the signifi-
cantly (p=0.04) highest rate of planned 
CS (5.0 %). The rate of instrumental 
delivery was highest among macrosome 
newborns (11.5%) and lowest among 
low weight newborns (7.3%) (see Table 
4). 7.6% of normal weight newborns ex-
perienced instrumental delivery.

Table 5 presented fetal and newborn 
biometry according to delivery mode. 
During first trimester, crown-rump 
length did not differ significantly be-
tween the four delivery modes. During 
second trimester, head circumference 
and biparietal diameter were significant-
ly larger among fetuses delivered via vac-
uum extraction and emergency CS than 
fetuses experiencing spontaneous vagi-
nal delivery. Fetuses delivered via emer-
gency CS showed the highest abdominal 
dimensions during second trimester, the 
group differences between the modes of 
delivery however, were not of statistical 
significance. During the third trimes-
ter fetuses delivered via emergency CS 
showed the significantly largest head as 
well as abdominal dimensions. Further-

Table 3. Risk of instrumental delivery, planned section and emergency section according to newborn sex 
(spontaneous vaginal births are the reference group)

male OR (95% CI) female OR (95% CI) Sign. p-value
Instrumental delivery 8.5% 1.23 (1.11–1.37) 5.7% 0.77 (0.66–0.91) 0.001
Planned section 0.8% 0.71 (0.47–1.07) 1.7% 1.28 (1.01–1.60) 0.030
Emergency section 10.4% 1.19 (1.08–1.32) 7.6% 0.82 (0.71–0.94) 0.002

Table 4. Risks of instrumental delivery, planned section and emergency section among low weight and 
macrosome newborns (normal weight newborns are the reference group)

Low weight
(<2500g)

OR
(95% CI)

Macrosomia
(> 4000g)

OR
(95% CI)

Instrumental delivery 07.3% 0.96 (0.29–3.07)0 11.5% 1.51 (1.02–2.22)
Planned section 05.0% 3.44 (0.86–13.79) 01.5% 1.01 (0.34–3.03)
Emergency section 24.0% 3.21 (1.69–6.05)0 19.9% 2.24 (1.76–3.11)
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more, the newborns delivered via emer-
gency CS were significantly larger, heavi-
er and showed significantly higher head 
circumferences than newborns delivered 
vaginally or by planned caesarean section 
(Table 5).

The results of the ANOVA were cor-
roborated by binary logistic regression 
analyses. (stepwise backward elimina-
tion method) In comparison to sponta-
neous vaginal delivery the risk to require 
instrumental delivery increased signifi-
cantly with increasing 2. and 3.trimester 
head factors, newborn size, and maternal 
age. Increasing maternal body height re-
duced the risk of instrumental delivery 
significantly. The risk of experiencing 
planned caesarean section was not asso-

ciated significantly with fetal biometry. 
Increasing maternal age, prepregnancy 
body mass index and gestational weight 
however increased the risk of planned 
CS. Increasing maternal body height, in 
contrast, reduced the risk of planned CS 
significantly. The risk of emergency CS 
increased significantly with increasing 
third trimester head factor, third trimes-
ter abdominal factor and newborn size 
factor. Furthermore, a significantly pos-
itive association between emergency CS 
and maternal age, prepregnancy body 
mass index, gestational weight gain, and 
nicotine consumption was found. In-
creasing maternal body height, however 
decreased the risk of experiencing emer-
gency CS significantly (Table 6).

Table 6. Maternal and offspring characteristics and delivery mode Spontaneous vaginal delivery versus in-

strumental delivery planed CS and emergency CS. Binary logistic regression analyses

Coeff B Sign Exp(B) 95% CI
Dependent variable: delivery mode Vaginal delivery vs instrumental delivery (VD =1; VE =2))
	 Head factor 2 0.18 0.010 1.19 1.04–1.36 
	 Head factor 1 0.20 0.003 1.22 1.07–1.39
	 Newborn size factor 0.16 0.023 1.17 1.02–1.35
	 Maternal age 0.05 0.000 1.05 1.02–1.08
	 Maternal body height −0.04 0.001 0.96 0.94–0.98
	 constant 2.73 0.142 15.39

Vaginal delivery vs planned CS (VD = 1; planned CS =2)
	 Maternal age 0.13  <0.001 1.14 1.08–1.21
	 Maternal body height −0.05 0.040 0.95 0.90–0.99
	 Prepregnancy BMI 0.09 0.002 1.09 1.03–1.15
	 Gestational weight gain 0.05 0.050 1.05 0.99–1.11
	 constant −2.23 0.593 0.11

Vaginal delivery vs emergency CS (VD =1; emergency CS =2)
	 Head factor 2 0.16 0.012 1.18 1.04–1.33
	 Newborn size factor 0.23 <0.001 1.26 1.11–1.44
	 Abdominal factor 2 0.21 0.001 1.23 1.08–1.39
	 Maternal age 0.09 <0.001 1.09 1.06–1.12
	 Maternal body height −0.06 <0.001 0.94 0.92–0.96
	 Nicotine consumption 0.45 0.011 1.57 1.11–2.22
	 Prepregnancy BMI 0.08 <0.001 1.09 1.06–1.11
	 Gestational weight gain 0.04 0.001 1.04 1.02–1.06
	 constant 1.97 0.265 7.14



	 Fetal growth patterns and delivery mode	 175

Discussion

In the present study the association 
between ultrasound measured fetal bi-
ometry parameters and delivery mode 
was tested in a large sample containing 
data of 3408 singleton pregnancies tak-
ing place in Vienna, Austria. Despite 
of the large number of cases, the study 
has some limitations, such as that sono-
graphic examination was carried out by 
different, however well-trained investi-
gators. We are aware, that the estimation 
of fetal biometry by different gynecolo-
gists represents a weakness of the study, 
however data have been collected over 
9 years from 2005 to 2013. Therefore, 
examiners changed during such a long-
time. Another shortcoming represents 
the fact, that sonographic examinations 
have been carried out only once per tri-
mester. This was due to that only routine 
examinations according to the Austrian 
Mother-Childhood Passport were includ-
ed in the study. Despite of these limita-
tions the strength of present study is the 
large sample size and the high number 
of fetal and newborn parameters. Fur-
thermore, exclusively operative deliver-
ies with a clear medical indication (such 
as fetal distress, cord prolapse, failure to 
progress in labor, cephalon-pelvic dis-
proportion) were included in the present 
sample because C-sections upon mater-
nal request are not performed at the Vi-
ennese Danube Hospital.

As described in the introduction and 
the methods section, the sample ana-
lyzed in the present study was a highly 
selective one. Only singleton term births 
of healthy primaparae mothers older 
than 17 years have been included. The 
reason for this selection was to exclude 
many typical indications of C-sections 
because we tried to focus on the associa-

tion between fetal biometry and delivery 
mode. More than 80% of these women 
experienced spontaneous vaginal deliv-
eries. Around 7 % of the women expe-
rienced an instrumental vaginal deliv-
ery, i.e. vacuum extraction. This rate of 
instrumental vaginal delivery is slightly 
higher than the Austrian rate of instru-
mental vaginal delivery at the time of 
investigation. Between 2005 and 2013 
the rate of instrumental vaginal delivery 
ranged between 5.2% and 5.9% (Statistik 
Austria 2019). The C-section rate of the 
present sample was 10.2%, this is clear-
ly significantly lower than the C-section 
rate in Austria at the time of investiga-
tion. From 2005 to 2013, the C-section 
rate increased in Austria from 24.4% to 
29.3%, in Vienna an increase from 23.6% 
to 29.6% occurred (Statistik Austria). In 
2019, the C-section rate in Austria was 
29.4%. The low rate of C-sections in 
the present study is mainly due to the 
strict inclusion and exclusion criterions, 
but also due to the policy to reduce un-
necessary C-sections in public hospitals 
in Vienna (Vienna policy statement on 
spontaneous birth). C-sections should 
only be performed if there is a medical 
indication. The Danube hospital belongs 
to the public hospitals and covers about 
15% of all births taking place in Vienna. 
Around 2300 births take place there ev-
ery year. Patients of the Danube hospi-
tal do not differ from those of the other 
public hospitals. The patients belong to 
all social strata of the Viennese society 
because even private patients are attend-
ing this birth clinic. Consequently, con-
cerning the patient collective the Danube 
hospital is representative for Viennese 
public birth clinics. The C-section rate of 
the Danube hospital is with 19% mark-
edly lower than that of the other public 
birth clinics in Vienna, where C-section 
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rates ranges from 24% up to 35.4%. Only 
the birth clinic of the Medical Universi-
ty of Vienna shows a C-section rate of 
52.5%. This is mainly due to the fact, 
that this clinic specializes in pregnancies 
and births with complications.

The predictive value of ultrasound 
measured fetal biometry for C-section 
risk have been analyzed in several nearly 
exclusively medical studies. The majority 
of studies however, considered fetal bi-
ometry at the end of pregnancy (Stock et 
al. 1994, Al Housseini et al. 2009, Per-
egrine et al. 2006, Tan et al. 2006, Kim 
et al. 2010), and did not focus on fetal 
growth patterns during first or second 
trimester. In the present study, how-
ever fetal biometry was assessed at the 
first, second and third trimester. In a 
first step, fetal biometry was compared 
between four different delivery modes, 
spontaneous vaginal delivery, instrumen-
tal delivery requiring vacuum extraction, 
planned C-section and unplanned or 
emergency C-section. As to be expected 
crown-rump length taken at the 11th or 
12th week of gestation was not related 
significantly with the modes of delivery. 
Consequently, fetal growth during first 
trimester has no significant influence 
on birth complications requiring instru-
mental or operative delivery. At the sec-
ond trimester (20th or 21th gestational 
week) however, biparietal diameter and 
head circumference differed significantly 
between the four delivery modes. Fetus-
es experiencing instrumental delivery 
and emergency C-sections showed sig-
nificantly larger head dimensions, than 
fetuses experiencing spontaneous vag-
inal deliveries and planned C-sections. 
During third trimester, at 32th or 33th 
week of gestation fetuses experiencing 
emergency C-sections showed the sig-
nificantly highest head as well as ab-

dominal dimensions, followed by fetus-
es experiencing instrumental deliveries. 
According to the results of the binary 
logistic regression analyses, head size 
at the second and third trimester were 
significantly independently associated 
with an increased risk of experiencing 
instrumental delivery. Furthermore, the 
risk of experiencing emergency C-section 
was significantly increased with increas-
ing head and abdominal size during the 
third trimester. Furthermore, the present 
study revealed a significant association 
between the risk of instrumental deliv-
ery as well as emergency C-section and 
newborn sex. In detail, the risk of expe-
riencing instrumental delivery or C-sec-
tion was higher among male offspring. 
Male offspring however, is larger from 
the first trimester onward (Davies et al. 
1993, Melamed et al. 2013, Kirchengast 
et al. 2016).

In case of head dimensions, the pres-
ent study adds to the growing body of 
evidence that fetal head size plays a sig-
nificant role in progress of labor and con-
sequently fetal head affects the delivery 
mode. Several studies have focused on 
the association between fetal head size 
and delivery mode (Bardin et al.2016). 
In general, the impact of fetal or neonate 
head dimensions on obstetric outcomes 
was highlighted (Lipschuetz et al. 2015, 
Valsky et al. 2009; 2016; deVries et al. 
2016, Ooi et al. 2015). The impact of fetal 
head size on delivery mode is many due 
to the fact that the fetal head is directly 
interfacing with the maternal pelvis (Lip-
schuetz et al. 2018). In general, Homo sa-
piens is characterized by large head and 
brain size relative to body size. This is 
especially true of fetuses and neonates. 
There is a well-known evolutionary trend 
towards birthing relatively large infants 
from the Genus Australopithecus on-
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wards (DeSilva 2011). Human mothers 
give birth to infants of about 6% of their 
body mass, chimpanezees in contrast, 
deliver offspring with approximately 
3% of their body mass (DeSilva 2011). 
The assumed evolutionary advantage of 
larger fetuses however leads to a risky 
childbirth. During delivery, fetal heads 
are close to the size of the maternal birth 
canal (Rosenberg and Trevathan 2002). 
A large neonate head has a tight fit as 
the infant passes through the bony birth 
canal (Rosenberg and Trevathan 2002, 
Rosenberg 1992, Trevathan 1993, Rosen-
berg and Trevathan 2014). This cepha-
lo-pelvic disproportion is part of our evo-
lutionary heritage and makes childbirth 
complicated (Rosenberg 1992). Conse-
quently, the impact of neonatal head size 
on delivery mode was analyzed in the 
majority of studies (Bardin et al. 2015; 
Ooi et al. 2015). In the majority of stud-
ies however, fetal head size was mainly 
estimated shortly before birth. Mujugira 
et al. (2013) demonstrated that a neona-
tal head circumference above 37cm was 
associated with double rate of operative 
delivery as compared to neonates with a 
head circumference of 34 cm. Ooi et al. 
(2015) reported similar results. In detail, 
a fetal head circumference above 35cm 
measured at the onset of labor, was pre-
dictive of C-sections (Ooi et al, 2015). 
In contrast to those studies mentioned 
above, in the present the impact of fetal 
size parameters on delivery mode from 
the first trimester onwards was tested. As 
pointed out above, we found a significant 
association between fetal head size and 
delivery mode from the 21th/22th ges-
tational week onwards. During the third 
trimester not only head dimensions, but 
also abdominal dimensions were signifi-
cantly associated with the delivery mode. 
Fetal abdominal size is a good indicator 

of fetal weight and fat deposition (Lee 
et al. 2009). During the third trimester 
growth in weight takes place at a rela-
tively faster rate (Bogin 1999) and the 
development and maturation of several 
physiological systems takes place pre-
paring the fetus for the transition to ex-
tra-uterine life. Consequently, abdominal 
dimension gain in importance. Burke et 
al. (2017) reported a significant associa-
tion between fetal abdominal circumfer-
ence and delivery mode. In this study, the 
impact of fetal head circumference, fetal 
abdominal circumference but also ma-
ternal parameters (body mass index, age 
and body height) on delivery mode was 
tested. The risk of C-section increased 
with increasing fetal head circumference, 
abdominal circumference, maternal body 
mass index and maternal age, but de-
creased with increasing maternal body 
height (Burke et al. 2017). These results 
are very similar to that of the present 
study. We also included maternal param-
eters in binary logistic regression analy-
ses and found the same associations as 
Burke et al. (2017). The significant as-
sociations between maternal parameters 
and delivery mode have been proved in 
several studies before (Yamamoto et al. 
2016; Sovio and Smith 2017, Kirchen-
gast and Hartmann 2007, 2017, 2019). 
Increasing maternal age, and decreasing 
maternal body height were significant-
ly associated with an increased risk of 
instrumental delivery, planned CS and 
emergency CS. Increasing maternal pre-
pregnancy BMI and gestational weight 
gain increased the risk of planned CS and 
emergency CS, too. The risk of emergen-
cy CS was also positively associated with 
nicotine consumption during pregnancy. 
According to the present results, ma-
ternal parameters have an independent 
effect on the mode of delivery. This ob-
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servation is in accordance with those of 
several previous studies, which showed 
that maternal obesity but also maternal 
short stature are risk factors for C-sec-
tions (Kirchengast and Hartmann 2007, 
2017). Maternal somatic parameters 
however, are also significantly associated 
with fetal growth patterns and newborn 
size (Albouy-Ilaty et al. 2011, Ay et al. 
2009, Dietz etal al 2009, Kirchweger et 
al. 2018, Pölzlberger et al. 2017). The 
effect of maternal age on fetal growth 
and newborn size however, is not a lin-
ear one, but a u-shaped on. According to 
Kirchweger et al. (2018), largest dimen-
sions of fetuses and newborns are found 
among mothers ageing between 20 and 
35 years, while younger mothers and 
older mothers showed smaller newborns 
and fetuses. Therefore, the positive asso-
ciation between maternal age and C-sec-
tion rates and instrumental delivery rates 
cannot be explained by a positive asso-
ciation between maternal age and fetal 
growth. Increasing maternal age may be 
seen as an independent risk factor for 
birth complications. The negative asso-
ciation between maternal body height 
and an increased risk of CS may be ex-
plained by maternal- fetal disproportion 
such as a too narrow pelvis, and newborn 
size (Kirchengast and Hartmann 2007). 
On the other hand, maternal parameters 
such as prepregnancy body mass index 
and gestational weight gain are associat-
ed with increased fetal size and may be 
in this way associated with an increased 
risk of C-sections. This effect was shown 
in the present study too. The main dif-
ference between the present study and 
that of Burke et al (2017) was the time of 
taking ultrasound measurements. Burke 
et al. (2017) performed ultrasound ex-
amination after 39 completed weeks and 
before 40 weeks and 6 days. With other 

words, fetal parameters have been taken 
shortly before birth.

While larger head size and abdominal 
dimensions increased the risk of instru-
mental vaginal delivery and emergency 
c-sections, planned c-sections were not 
significantly associated with increased 
fetal biometry. In contrast, planned 
c-sections were significantly associat-
ed with lower birth weight. In particu-
lar, small for gestational age newborn 
(<2500g) had a significantly increased 
risk to be delivered via planned or emer-
gency c-sections. This significantly in-
creased rate of c-sections among small 
for gestational age newborn may be due 
to the fact that small for gestational age 
newborn show an increased risk of mor-
bidity and mortality (Boers et al. 2011). 
Therefore, c-sections are performed 
more frequently among small for ges-
tational age newborns (Ludvigsson et 
al. 2018, Simoes et al. 2016), although 
several authors found no sufficient evi-
dence to recommend planned c-sections 
in pregnancies of small for gestational 
age fetuses because no reduction of peri-
natal and postnatal morbidity and mor-
tality could be proved. In the present 
study however, only 55 newborns, i.e. 
1.6% of the whole sample corresponded 
to the definition of small for gestational 
age (<2500g). Therefore, the small for 
gestational age segment of the present 
study is not representative.

To sum up the results of the present 
study, increased fetal size increases the 
risk of instrumental vaginal delivery but 
also of emergency C-sections. In partic-
ular, we could show that head size was 
associated with delivery mode from the 
second trimester onwards, for abdomi-
nal size significant associations with de-
livery mode could be observed from the 
31th/32th week of gestation onwards. 
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This effect is independent of other well 
documented risk factors sich as mater-
nal age, body height and prepregnancy 
weight status. The results of the present 
study may indicate, that risks for oper-
ative deliveries can be predicted much 
earlier than assumed. Further studies are 
absolutely necessary to define cut offs 
which may enable a better planning of de-
liveries. Consequently, fetal growth pat-
terns should be monitored very carefully.

Authors’ contributions

SK designed the study, analyzed the data 
and drafted the manuscript. BH designed 
the study and collected the data

Conflict of interest

The authors declare that there is no con-
flict of interest.

Corresponding author

Sylvia Kirchengast, University of Vienna, 
Department of Anthropology, Althans-
trasse 14, A-1090 Vienna, Austria
e-mail: sylvia.kirchengast@univie.ac.at

References
Abdella RMA, Ahmed SAM, Moustafa MI. 

2014. Sonographic evaluation of fetal ab-
dominal circumference and cerebro-pla-
cental Doppler indices for prediction of 
fetal macrosomia in full term pregnant 
women. Cohort study. Middle East Fertil 
Soc J 19:69–74.

Al Housseini A, Newman T, Cox A, Devoe 
LD. 2009. Prediction of risk for cesarean 
delivery in term nulliparas: a comparison 
of neural network and multiple logistic 
regression models. Am J Gynecol Obstet 
113:e1–113.e6

Alkema L, Chou D, Hogan D, Zhang S, Moller 
AB, Gemmill A, Fat DM, Boerma T, Tem-
merman M, Mathers C, Say L. 2016. Glob-
al, regional, and national levels and trends 
in maternal mortality between 1990 and 
2015, with scenario-based projections to 
2030: a systematic analysis by the UN Ma-
ternal Mortality Estimation Inter-Agency 
Group. Lancet 387:462–74.

Ay L, Kruithof CJ, Bakker R, Steegers EA, 
Witteman JC, Moll HA, Hofman A, Mack-
enbach JP, Hokken-Koelega AC, Jaddoe 
VW. 2009. Maternal anthropometrics are 
associated with fetal size in different pe-
riods of pregnancy and at birth. The gen-
eration R Study. Brit J Obstet Gynecol 
116:953–63.

 Bardin R, Aviram A, Meizner I, Ashwal E, 
Hiersch L, Yogev Y, Hadar E. 2015. Asso-
ciation of fetal biparietal diameter with 
mode of delivery and perinatal outcome. 
Ultrasound Obstet Gynecol 47:17–223.

Betran AP, Ye J, Moller AB, Gülmezoglu AM, 
Torloni MR. 2016. The Increasing Trend in 
Caesarean Section Rates: Global, Regional 
and National Estimates: 1990–2014. PLoS 
ONE 11: doi: 10.1371

Blomberg M .2013. Maternal obesity, mode 
of delivery and neonatal outcome. Obstet 
Gyynecol 122:50–55.

Boatin AA, Schlotheuber A, Betran AP, Moller 
AB, Barros AJD, Boerma T, Torloni MR, 
Victora CG, Hosseinpoor AR. 2018. With-
in country inequalities in caesarean sec-
tion rates: observational study of 72 low 
and middle-income countries. Brit Med J 
360, k55.

Bogin B. 1999. Patterns of Human Growth. 
Cambridge University Press.

Boers KE, van der Post JAM, Mol BWJ, van 
Lith JMM, Scherjon SA. 2011. Labour and 
Neonatal Outcome in Small for Gesta-
tional Age Babies Delivered Beyond 36+0 
Weeks: A Retrospective Cohort Study. 
J Pregnancy. Available at: http://dx.doi.
org/10.1155/2011/293516

Buck S. 2011. The evolutionary history of the 
modern birth mechanism: looking at skel-



180	 Sylvia Kirchengast, Beda Hartmann

etal and cultural adaptations. Univ West 
Ontario J Anthrop 19:1–12.

Burke N, Burke G, Breathnach F, McAuliffe 
F, Morrison JJ, Turner M, Dornan S, Hig-
gins JR, Cotter A, Geary M, McParland P, 
Daly S, Cody F, Dicker P, Tully E, Malone 
FD. 2017. Prediction of caesarean delivery 
in the term nulliparous woman: results 
from the prospective multicenter Gene-
sis study. Am J Obstet Gynecol 216: 598 
e1–11.

Catalano PM. 2010. Obesity insulin resis-
tance and pregnancy outcome. Reproduc-
tion 140: 365–3\71.

Chen C, Xu X, Yan Y. 2018. Estimated global 
overweight and obesity burden in preg-
nant women based on panel data model 
PLoS ONE 13:e0202183 .

Choi SK, Park IY, Shin JC. 2011. The effects of 
prepregnancy body mass index and gesta-
tional weight gain on perinatal outcomes 
of Korean women: a retrospective study. 
Reprod Biol Endocrinol 9:1–6.

Chui SY, Kim SY, Schmid CH, Dietz PM, Cal-
laghan WM, Lau J, Curtis KM. 2007. Ma-
ternal obesity and risk of caesarean deliv-
ery: a meta-analysis. Obes Rev 8:385–94.

Creanga AA, Bateman BT, Butwick AJ, Ra-
leigh L, Maeda A, Kuklina E, Callaghan 
WM. 2015. Morbidity associated with 
cesarean delivery in the United States: is 
placenta accreta an increasingly import-
ant contributor? Am J Obstet Gynecol 
384:e1–384 e11.

Davis RO, Cutter G R Goldenberg RL, Hoff-
man HJ, Cliver SP, Brumfield CG. 1993. 
Fetal biparietal diameter head circumfer-
ence abdominal circumference and femur 
length. A comparison by race and sex. J 
Reprod Med 38:201–06 .

Declercq E, MacDorman M, Osterman M, 
Belanoff C, Iverson R. 2015. Prepregnan-
cy obesity and primary caesareans among 
otherwise low-risk mothers in 38 US 
States in 2012. Birth 42:309–18.

DeSilva JM. 2011. A shift toward birthing rel-
atively large infants early in human evolu-
tion. PNAS 108:1022–27.

De Vries BS, Bryce B, Zandanova T. 2016. 
Neonatal head circumference is it re-
lated to caesarean section for failure to 
progress? Austan NZ J Obstet Gynecol 
56:571–77.

Dietz PM, Callaghan WM, Sharma AJ. 2009. 
High pregnancy weight gain and risk of 
excessive fetal growth. Am J Obstet Gyne-
col 201:51–56.

Gabbe S, Holzmann G. 2001. Obstetri-
cians´choice of delivery. Lancet 357:722–
3.

Gueri M, Jutsum P, Sorhaindo B. 1982. An-
thropometric assessment of nutritional 
status in pregnant women: a reference ta-
ble for weight and height per week. Am J 
Clin Nutr 35:609–16.

Hadlock FP, Harrist RB, Deter RL, Park SK 
1982a. Fetal femur length as a predictor of 
menstrual age: sonographically measured. 
Am J Roentgenol 138:875–8.

Hadlock FP, Harrist RB, Deter RL, Park SK. 
1982b. Fetal biparietal diameter: a critical 
re-evaluation of the relationship to men-
strual age by means of real time ultra-
sound. J Ultrasound Med 1:97–104.

Hadlock FP, Harrist RB, Deter RL, Park SK. 
1982c Fetal abdominal circumference 
as a predictor of menstrual age: sono-
graphically measured. Am J Roentgenol 
139:367–70.

Hadlock FP, Harrist RB, Shah Y, Park SK. 
1984. The femur length/head circumfer-
ence relation in obstetric sonography. J 
Ultrasound Med 3:439–42.

Herstad L, Klungsoyr K, Skjaerven R, Tanbo 
T, Forsen L, Abyholm T, Vangen S. 2016. 
Elective cesarean section or not? Mater-
nal age and risk of adverse outcomes at 
term: a population-based registry study of 
low-risk primiparous women Pregnancy 
Childbirth 16: 230 doi:  10 1186/s12884-
016-1028-3

Henderson J, McCandish R, Kumiega L, Pe-
trou S. 2001. Systematic review of eco-
nomic aspects of alternative modes of 
delivery. Brit J Obstet Gynecol 108 49–57.

 Kangura L, McCaw-Binns A, Bell J, 
Yonger-Coleman N, Wilks R, Hussein J. 



	 Fetal growth patterns and delivery mode	 181

2017. The burden of obesity in women 
of reproductive age and in pregnancy in 
a middle-income setting: A population 
based study from Jamaica. PLoS ONE 12: 
e0188677

Kara F, Yesildaglar N, Uygur D. 2005. Mater-
nal height as a risk factor for Caesarean 
section. Arch Gynecol Obstet 271:336–37.

Kim SN, Park KH, Jung HJ. 2010. Clinical and 
sonographic parameters at 37 weeks´ges-
tation for prediction the risk of primary 
Caesarean delivery in nulliparous women. 
Ultrasound Obstet Gynecol 36:486–92.

Kirchengast S, Hartmann B. 2007. Short stat-
ure is associated with an increased risk of 
caesarean deliveries in a low risk popula-
tion. Acta Med Lituanica 14:1–6.

Kirchengast S, Pölzlberger E, Hafner E, 
Stümpflein I, Hartmann B. 2016. Sex Dif-
ferences in Foetal Biometry, New-born 
Size and Birth Outcome. J Life Sci 8:1–11.

Kirchengast S, Hartmann B. 2017. Maternal 
obesity increases the risk of primary as 
well as secondary caesarean section. Ann 
Obes Dis 2:1017–21.

Kirchengast S, Hartmann B. 2019. Recent 
lifestyle parameters are associated with 
increasing caesarean section rates among 
singleton term births in Austria. Int J Envi-
ron Res Public Health 16:14. Available at: 
https://doi org/10 3390/ijerph16010014.

Kirchweger F, Kirchengast S, Hafner E, 
Stümpflein I, Hartmann B. 2018. The im-
pact of maternal age on foetal growth pat-
terns and newborn size. Anthrop Reviews 
81:111–29.

Knussmann R 1988. Somatometrie In: An-
thropologie. R Knussmann, ed. Stuttgart: 
Fischer Verlag.

Krogman WM. 1951. The scars of human 
evolution. Scientific American 184:54–57.

Kurmanavicius J, Wright EM, Royston P, 
Wisser J, Huch R, Huch A, Zimmermann 
R. 1999a. Fetal ultrasound biometry: 1 
Head reference values Brit J Obstet Gyne-
col 106:126–35.

Kurmanavicius J, Wright EM, Royston P, Zim-
mermann R, Huch R, Huch A, Wisser J. 
1999b. Fetal ultrasound biometry: 2 Ab-

domen and femur length reference values. 
Brit J Obstet Gynecol 106:136–43.

Lee W, Balasubramaniam M, Deter RL, Has-
san SS, Gotsch F, Kusanovic JP, Goncalves 
LF, Romero R. 2009. Fetal growth parame-
ters and birth weight: their relationship to 
neonatal body composition. Ultrasound 
Obstet Gynecol 33:441–46.

Lipschuetz M, Cohen SM, Isreal A, Baron J, 
Porat S, Valsky DV, Yagel O, Amsalem H, 
Kabirim D, Gilboa Y, Sivan E, Unger R, 
Schiff E, Hershkovitz R, Yagel S. 2018. So-
nographic large fetal head circumference 
and risk of caesarean delivery. Am J Ob-
stet Gynecol 218:339e1-7.

Lipschuetz M, Cohen S, Ein-Mor E, Sapir H, 
Hochner-Celnikier D, Porat S, Amsalem 
H, Valsky DV, Ezra Y, Elami-Suzin M, Pal-
tiel O, Yagel S. 2015. A large head circum-
ference is more strongly associated with 
unplanned caesarean or instrumental de-
livery and neonatal complications than 
high birth weight. Am J Obstet Gynecol 
213:833 e1-12 3.

Ludvigsson JF, Lu D, Hammarström L, Cnat-
tingius  S, Fang  F. 2018. Small for gesta-
tional age and risk of childhood mortality: 
A Swedish population study. PLOS Medi-
cine 15: e1002717

Machado LSM 2012. Caesarean section in 
morbidly obese parturients: Practical im-
plications and complications. North Am J 
Med Sci 4:13–18.

MacFarlane AJ, Blondel B, Mohangoo AD, 
Cuttini M, Nijhuis J, Novak Z, Olafsdottir 
HS, Zetlin J, Euro-Peristat Scientific Com-
mittee. 2015. Wide differences in mode 
of delivery within Europe: risk-stratified 
analyses of aggregated routine data from 
the Euro-Peristat study. Brit J Obstet Gy-
necol 123:559–68.

Marshall NE, Fu R, Guise JM. 2011. Impact of 
multiple caesarean deliveries on maternal 
morbidity: a systematic review. Am J Ob-
stet Gynecol 205:262–68.

Melamed N, Meizner I, Mashiach R, Wiz-
nitzer A, Glezerman M, Yogev Y. 2013. Fe-
tal sex and intrauterine growth patterns. J 
Ultrasound Med 32:35–43.



182	 Sylvia Kirchengast, Beda Hartmann

Mitra S, Misra S, Nayak PK, Sahoo JP. 2012. 
Effect of maternal anthropometry and 
metabolic parameters on fetal growth. Ind 
J Endocrinol Metabol 16:754–58.

Mocanu EV, Greene RA, Byrne BM, Zurner 
MJ. 2000. Obstetric and neonatal out-
come of babies weighing more than 4 5kg: 
an analysis by parity. Eur J Obstet Gynecol 
Reprod Biol 92:229–33.

Molina G, Weiser TG, Lipsitz SR, Esquivel 
MM, Uribe-Leitz T, Azad T, Shah N, Sem-
rau K, Berry WR, Gawande AA, Haynes 
AB 2015. Relationship between caesarean 
delivery rate and maternal and neonatal 
mortality. JAMA 314:2263–70.

Mujugira A, Osoti A, Deya R, Hawes SE, 
Phipps AI. 2013. Fetal head circumference 
operative delivery and fetal outcomes: 
a multi-ethnic population-based cohort 
study BMC Pregnancy Childbirth 13:106. 
doi:10 1186/1471-2393-13-106.

Ooi PV, Ramphul M, Said S, Burke G, Kan-
nely MM, Murphy DJ. 2015. Ultrasound 
assessment of fetal head circumference at 
the onset of labor as a predictor of oper-
ative delivery. J Maternal Fetal Neonatal 
Med 28:2182–86.

Peregrine E, O´Brien P, Omar R, Jauniaux E. 
2006. Clinical and ultrasound parameters 
to predict the risk of cesarean delivery 
after induction of labor. Obstet Gynecol 
107:227–33.

Poobalan AS, Aucott LS, Gurung T, Smith 
WCS, Bhattacharya S. 2008. Obesity as 
an independent risk factor for elective and 
emergency delivery in nulliparous women 
_ systematic review and meta-analysis of 
cohort studies. Obes Rev 10:28–35.

Pölzlberger E, Hartmann B, Hafner E, Stümp-
flein I, Kirchengast S. 2017. Maternal 
height and pre-pregnancy weight status 
are associated with foetal growth patterns 
and newborn size. J Biosoc Sci 49:392–
407.

Rosenberg KR, Trevathan WR. 2002. Birth 
obstetric and evolution. Brit J Obstet Gy-
necol 109:1199–206.

Rosenberg KR. 1992. The evolution of mod-
ern human childbirth. Yb Am J Phys An-
throp 35:89–124.

Rosenberg KR, Trevathan WR. 2014. Evolu-
tionary obstetrics. Evol Med Public Health 
doi: 10: 1093/e ph/eou025.

Rosenberg KR, Trevathan WR 2018. Evolu-
tionary perspectives on caesarean section. 
Evol Med Public Health 101093:67–81.

Saeed KBM, Greene RA, O’Neill CP, Sinéad 
M. 2017. Incidence of surgical site infec-
tion following caesarean section: a sys-
tematic review and meta-analysis proto-
col. Brit Med J Open 7:e013037.

Seligman LC, Duncan BB, Branchtein L, Daio 
DSM, Menguw SS, Schmidt MI. 2006. 
Obesity and gestational weight gain: cae-
sarean delivery and labor complications. 
Rev Saude Publica 40:457–65.

Shipman P 2013. Why is Childbirth so pain-
ful? American Scientific 101:426.

Simões R, Bernardo WM, Salomão AJ., Bara-
cat EC. 2016. Cesarean delivery and small 
newborn for gestational age. Rev Assoc 
Med Bras, 62:16–2.

Snijders RJM, Nicolaides KH. 1994. Fetal bi-
ometry at 14–40 week´s gestation. Ultra-
sound Obstet Gynecol 4:34–48.

Sovio U, Smith GCS. 2018. Blinded ultra-
sound fetal biometry at 36 weeks and risk 
of emergency caesarean delivery in a pro-
spective cohort study of low-risk nullipa-
rous women. Ultrasound Obstet Gynecol 
52:78–86.

Statistik Austria. Statistisches Jahrbuch 2019.
Stock A, Ming WW, Rogers M, Chang AM. 

1994. Prediction of caesarean section from 
ultrasound and clinical assessment of fetal 
size. Austral NZ J Gynecol 34:393–98.

Stotland NE, Hopkins LM, Caughey AB. 2004. 
Gestational weight gain macrosomia and 
risk of caesarean birth in nondiabetic nul-
liparas. Obstet Gynecol 104: 671–677

Tan PC, Suguna S, Vallikkamnu N, Hassan J. 
2006. Ultrasound and clinical predictors 
for caesarean delivery after labor induc-
tion at term. ANZJOG 46:505–09.

Tarney CM. 2014. When patients request the 
knife – caesarean delivery on maternal re-



	 Fetal growth patterns and delivery mode	 183

quest. J Women´s Health Issues & Care 
3:100–30.

Todman D. 2007. A history of caesarean sec-
tion: from ancient world to modern area. 
ANZJOG 47:357–61.

Trevathan WR. 1993. The evolutionary histo-
ry of childbirth. Human Nature 4:337–50.

Valsky DV, Lipschuetz M, Bord A. 2009. Fetal 
head circumference and length of second 
stage of labour are risk factors for levator 
n muscle injury diagnosed by 3 dimen-
sional transperenal ultrasound in prim-
iparous women. Am J Obstet Gynecol 
201:91 e1-7.

Vilar J, Carroli G, Zavaleta N, Donner A, 
Wojdyla D, Faunders A. 2007. Maternal 
and neonatal individual risks and bene-
fits associated with caesarean delivery: 
multicenter prospective study. Brit Med J 
335:10–25.

Warrener AG, Lewton KL, Pontzer H, Lieber-
man DE. 2015. A Wider Pelvis Does Not 
Increase Locomotor Cost in Humans with 
Implications for the Evolution of Child-
birth. PLoS ONE 10:e0118903.

Washburn Sl. 1960. Tools and human evolu-
tion. Scientific American 203:63–75.

Wells JCK, Wibaek R, Poulas M. 2018. The 
dual burden of malnutrition increases the 
risk of caesarean delivery: Evidence from 
India. Front Public Health 6:292.

Wells JCK. 2015. Between scylla and cha-
rybdis: renegotiating resolution of the 

obstetric dilemma in response to eco-
logical change. Phil Trans Royal Soc B 
370:20140067.

Wells JCK, DeSilva JM, Stock JT. 2012. The 
obstetric dilemma: An ancient game of 
Russian roulette or a variable dilemma 
sensitive to ecology? Yb Am J Phys An-
throp 55:40–71.

World Health Organization 1985. Appropri-
ate technology for birth. Lancet 326:436–
37.

World Health Organization 2000. Physical 
status: the use and interpretation of an-
thropometry. WHO technical Report Se-
ries, Geneva.

World Health Organization 2009. Monitoring 
emergency obstetrics care. A handbook, 
Geneva.

World Health Organization World health 
organization. Maternal mortality 2019. 
Available at: www.who.int/news-room/
fact-sheets/detail/maternal-mortality 
19.9.2019

Yamasato K, Yoshino K, Chang AL, Caugheym 
AB, Tsai PJ. 2016. Caesarean delivery com-
plications in women with morbid obesity. 
J Mat Fetal Neonatal Med 29:3885–88.

Yang JM, Hyett JA, McGeechan K, Phipps H, 
de Vries BS. 2017. Is ultrasound measured 
fetal biometry predictive of intrapartum 
caesarean section for failure to progress? 
ANZJOG 58:620–28.


