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Abstract

The proportions of newborns with a birth weight (BW) >4,000 g and of macrosomic newborns (BW >4,500 g) have increased during the last two decades, parallel with an increasing maternal pre-pregnancy body mass index (BMI) and age at the time for pregnancy. Delivery of a large fetus, especially >4,500 g might cause perinatal complications for both the mother and her child. 

The aims of this work were to investigate the detection rate of large-for-gestational age (LGA) term newborns by using a routine fetal two-dimensional (2D) ultrasound examination for fetal growth in the third trimester of pregnancy, and to examine whether the detection rate could be further improved by including maternal pre-pregnancy and pregnancy-related variables to the estimated fetal weight (FW) by developing a prediction formula for risk calculation of LGA newborn. Furthermore, to investigate if the accuracy of BW prediction in prolonged pregnancies and in pregnancies with suspected large fetuses could be further improved by using three-dimensional (3D) ultrasound technique with volumetry of fetal structures.

Material and methods. A population-based perinatal register, Perinatal Revision South, was used to identify term singleton pregnancies with a routine ultrasound examination in the third trimester of pregnancy from 1995 through 2009. The difference between the BW z-score and the FW z-score at the ultrasound examination in the third trimester, divided by the time elapsed between ultrasound examination and birth was assessed for each fetus. Maternal variables were evaluated for a possible impact on the third trimester fetal growth using multivariate linear and polynomial regression analyses. In order to develop a prediction model for risk calculation of LGA term newborn the dataset (n=48,809) was divided into a development sample and a validation sample. The development sample was used to identify maternal characteristics associated to LGA using multiple logistic regression analyses. The obtained odds ratios were converted to likelihood ratios and included in a prediction model based on Bayesian theorem for risk calculation of LGA newborn. The prediction model was tested on the validation sample. For the prospective comparative studies, pregnant women >286 days of gestation (n=176) and pregnant women with a fetus estimated to be LGA at the third trimester routine ultrasound examination (n=114) were included. 2D and 3D FW estimation formulas known from the literature were used. Mean percentage error (MPE), absolute MPE, receiver operating characteristic (ROC) curves and the area under the curve were used for comparison of the accuracy in BW prediction by the various formulas close to birth.  
Results. The results showed that maternal pre-pregnancy variables affected third trimester fetal growth. Increasing maternal BMI and body length, and pre-existing diabetes mellitus influenced fetal growth positively, while heavy smoking affected fetal growth negatively. A good detection rate of LGA term newborns was found when using a routine fetal ultrasound examination for fetal growth control in the third trimester of pregnancy. The detection rate could be further improved by adding maternal variables associated with LGA term newborns to the ultrasonically estimated FW using a prediction model based on the Bayesian theorem. The most critical subgroup of infants with BW >4,500 g was more accurately predicted using 3D ultrasound technique including volumetry of fetal thigh and abdomen, compared to the conventional 2D ultrasound technique, with or without maternal body weight included. At an estimated FW >4,300 g, using Lindell and Maršál formula, the detection rate was 93 %, while the false positive rate was 36 %, which was close to the most optimal and clinically acceptable relation between the detection rate and false positive rate illustrated by the ROC curve. In prolonged pregnancies with a wide range of BWs, no significant differences in BW prediction close to birth were found between the 3D and 2D formulas. 

Conclusions. An antenatal detection of LGA/macrosomic term newborns might minimize maternal and fetal perinatal complications due to delivery of a large fetus. The prediction can be improved by using a model utilizing the Bayesian theorem including the estimated FW at a routine 2D ultrasound examination in the third trimester of pregnancy and maternal variables associated with a large fetus. For further improvement of BW prediction in the clinically most critical subgroup of infants with BW >4,500 g, a 3D ultrasound examination including volumetry of fetal thigh and abdomen might be offered.
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Abbreviations and definitions
Abdvol – abdominal volume
ALARA - as low as reasonably achievable

BMI - body mass index

BW - birth weight

CI – confidence interval

DM - diabetes mellitus

FW - fetal weight
GDM - gestational diabetes mellitus

LGA - large-for-gestational age

LR – likelihood ratio

MBR - Medical Birth Register
MI - mechanical index

NPV – negative predictive value

OR – odds ratio

PPV – positive predictive value

PRS - Perinatal Revision South
ROC – Receiver Operating Characteristic

SGA - small-for-gestational age
SRI – speckle reduction imaging

SD - standard deviation
TI - thermal index
Tvol – thigh volume
3D - three-dimensional

2D - two-dimensional
XBeam - Cross Beam Compound Resolution Imaging
z-score – a standard deviation score
Introduction
Fetal growth

Fetal growth is a complex process, depending on fetal, placental, and maternal factors (Grassi and Giuliano, 2000). In antenatal care, fetal growth and fetal size assessment are of great interest, as fetal growth aberration is associated with adverse perinatal outcome (Kramer et al., 1990; Kolderup et al., 1997). 
The genetic factor is the initial drive for fetal growth in a physiological pregnancy. The fetal genome together with several hormones and growth factors, e.g. insulin-like growth factors, insulin, and thyroid hormones are the central controllers of fetal growth (Grassi and Giuliano, 2000).  Approximately 20 % of the birth weight (BW) is due to the fetal genome (Berkus et al, 1999).
 The placental function is another important factor depending on development of an adequate and increasing blood flow to both the maternal and fetal sides of placenta, which is necessary for an efficient transport mechanism. The metabolic, respiratory, and endocrine functions of the placenta are equally important for the fetal growth, as the endocrine functions include the synthesis of growth factors and hormones involved in cell reproduction (Grassi and Giuliano, 2000). 
Several investigators have studied the association between maternal characteristics and estimated fetal weight (FW) and BW, and they reached similar results. High pre-pregnancy body mass index (BMI), excessive maternal weight gain during pregnancy, tall mother, pre-existing diabetes mellitus (DM), multiparity, ethnicity, and heavy smoking were factors that influenced FW and BW (Boyd et al., 1983; Gardosi et al., 1992; Gardosi et al., 1995, Lian Johnsen et al., 2006; Ouzounian et al., 2011). Post-term pregnancy, 42 completed weeks or more, may lead to an excessive fetal growth, during the prolonged time spent in utero (Berkus et al., 1999), while other maternal environmental behaviors as maternal nutrient under- and oversupply, have not been found as strong correlation factors to fetal growth (Grassi and Guiliano, 2000). 
The impact of paternal factors on FW and BW has been studied to a lesser degree. Some recently performed studies showed that paternal height was strongly associated with ultrasound fetal measurements of femur length (FL) from the second trimester onwards (Albouy-Llaty et al., 2011). Thus, parental anthropometrics were associated with FW and BW, but the influence of maternal characteristics was far greater than that of the paternal characteristics (Nahum and Stanislaw, 2003; Lie et al., 2006; Griffiths et al., 2007; Albouy-Llaty et al., 2011). 
An important and basic key element for detection of a true fetal growth aberration is an accurate determination of gestational age in the second trimester (at 17 – 20 postmenstrual weeks) of pregnancy, which is also crucial for avoiding false diagnosis of small-for-gestational age (SGA), and large-for-gestational age (LGA). 
The studies in this thesis have focused on antenatal detection of large fetuses. 

The large fetus

Fetal macrosomia in itself is commonly not associated with any specific antenatal risks during a non-pathological pregnancy condition. Being born large is associated with an increased risk of short-term complications as well as long-term impairment for both the newborn and the mother (Kolderup et al., 1997; Gregory et al., 1998; Boulet et al., 2003; Gudmundsson et al., 2005; Casey et al., 2005; Claesson et al., 2007). Short-term fetal complications are e.g. prolonged labour, operative deliveries, shoulder dystocia, fetal hypoxia, various neonatal complications such as hypoglycemia and respiratory problems, and the newborn being transferred to neonatal intensive care unit (Boulet et al., 2003; Oral et al., 2001; Christoffersson and Rydhström, 2002; Boulet et al., 2004; Zhang et al., 2008). In addition, large fetuses run a 2-3 times increased risk for intrauterine death (Spellacy et al., 1985). Maternal short-term complications when giving birth to a macrosomic infant are prolonged labour, operative deliveries, postpartum bleeding, trauma to pelvic structures, and increased risk of infections (Boulet et al., 2003; Oral et al., 2001; Henriksen, 2008; Vidarsdottir et al., 2011). Fetal persisting injury as Erb´s palsy and, later in life, increased risk of DM, obesity, and hypertension are examples of long-term complications (Henriksen, 2008). Pelvic floor injuries with increased risk of incontinence disorders are long-term complications for the mother (Henriksen, 2008; Gudmundsson et al., 2005).
The LGA fetus is defined as a fetus with an estimated FW >+2 SD above the mean FW for a certain gestational age, according to the Swedish reference curve for intrauterine growth (Maršál et al., 1996). The definition of fetal/neonatal macrosomia varies worldwide, and is most often defined as BW >4,000 g or >4,500 g regardless gestational age (Henriksen, 2008).  Still, there is no general agreement what an exact limit in gram to be for a macrosomic fetus or newborn. However, in 1991, The American College of Obstetricians and Gynecologists (ACOG) suggested macrosomia to be defined by a BW ≥4,500 g (Grassi and Giuliano, 2000). One thing is obvious for all investigations, that at BW >4,500 g, and especially BW >5,000 g, a remarkable increase in perinatal mortality and morbidity is seen (Boyd et al., 1983; Ecker et al., 1997; Zhang et al., 2008; Vidarsdottir et al., 2011). 
As mentioned above, it is well known that many maternal characteristics influence FW and BW. Women with pregnancy complicated by pre-existing DM are more likely to give birth to a LGA or macrosomic infant than women with no DM. Obese and tall women, as well as non-diabetic women with a history of one or more macrosomic infants, and paternal stature are factors that effect FW and BW through genetic mechanisms (Henriksen, 2008; Griffiths et al., 2007; Walsh et al., 2007; Albouy-Llaty et al., 2011; Cnattingius et al., 2011). 
The mean BW, and the proportion of LGA as well as macrosomic (≥4,500 g) newborns have increased during the last two to three decades (Ørskou et al., 2001; Surkan et al., 2004). Therefore, it is of significant importance to antenatally detect large fetuses for better planning of the time of delivery and choice of mode of delivery, in purpose to improve the perinatal outcome for both the mother and the newborn. 
Estimation of fetal weight

It is a great challenge to accurately estimate FW in large fetuses, and especially in macrosomic fetuses with BW >4,500 g. Clinical palpation of uterus, and measurements of the symphysis-fundal height are common estimates of fetal size in antenatal care, but both methods are quite inaccurate and blunt methods for fetal growth and FW assessments. Fetal ultrasound examination is the most commonly used and widely studied method for FW estimation (Berkus et al., 1999). Since four decades, 2D ultrasound measurements of one or more fetal parameters (fetal head, abdomen, and femur) in various combinations have been used in purpose to more accurately estimate FW, and several FW estimation formulas have been developed (Shepard et al., 1982; Hadlock et al., 1985; Persson and Weldner, 1986; Combs et al., 1993). Both the clinical and sonographic methods are associated with numerous false-positive and false-negative estimates in the prediction of large FW, especially of fetal macrosomia (O´Reilly-Green and Divon, 2000). Nevertheless, at present, sonographic fetal biometry is the most reliable method for estimating fetal size and FW, even though most FW estimation formulas have a tendency to underestimate large fetuses (Scioscia et al., 2008; Siemer et al., 2008). Formulas based on 3 to 4 fetal biometric indices have shown better accuracy in FW prediction compared to formulas including only 1 or 2 indices, especially in large fetuses (Melamed et al., 2011). Among the fetal parameters used for sonographic FW estimation, the abdominal circumference (AC) was found to have the best accuracy in FW estimation, and to predict high and low BW better than clinical examination based on fundal height, at least in term pregnancies (Campbell and Wilkins, 1975; Kayem et al., 2009). 
Several formulas for FW estimation by ultrasound fetometry with various combinations of fetal parameters have been developed during the last four decades (Shepard et al., 1982; Hadlock et al., 1985; Persson and Weldner, 1986b; Combs et al., 1993), and formulas have been also presented employing maternal and pregnancy-specific variables only, or in combination with fetal biometry (Nahum and Stanislaw, 2007; Pates et al., 2008; Hart et al., 2010).  At present, no improvement in FW prediction of large fetuses has been reported for formulas using combination of sonographic estimates and clinical and demographic variables, as compared to sonographic biometry only (Nahum and Stanislaw, 2003; Halaska et al., 2006; Balsyte et al., 2009). 
In hope to improve the estimation of FW in large fetuses, a wide variety of other parameters and clinical variables have been included into formulas e.g. fetal cheek-to-cheek diameter (Abramowicz et al., 1997), fetal gender (Siemer et al., 2008), the cross-sectional area of umbilical cord (Cromi et al., 2007), and soft tissue measurements of fetal limbs (Rotmensch et al., 1999). By incorporating these fetal parameters, the accuracy in FW estimation might be improved, but to our knowledge, none of these formulas are in routinely clinical use.

Since the three-dimensional (3D) ultrasound technique became available, the hope to improve the accuracy of FW estimation in large fetuses has increased. From the end of 1990s onwards, several investigators have presented studies on the use of 3D ultrasound technique in volumetry of fetal limbs and abdomen in purpose to improve the accuracy of BW prediction (Chang et al., 1997; Liang et al., 1997) 
In Sweden, the most commonly used formula for FW estimation is the Persson & Weldner formula (Persson and Weldner, 1986b). It Lee et al., 1997; Schild et al., 2000). However, to our knowledge, none of the 3D formulas, or the formulas including both fetal biometry and maternal and/or fetal characteristics is in routine clinical use. was derived in 1986 from a Swedish population, all with regular menstrual intervals and reliable data of last menstrual periods, and the gestational age was confirmed by crown-rump measurements in the 10th week. This formula has a standard deviation (SD) error of 7.1 %, which is acceptable in SGA and appropriate-for-gestational age fetuses. However, in large fetuses, and especially in macrosomic fetuses, the absolute error (in gram) might be too large, which could make the method uncertain in clinical use.
False diagnosis of macrosomia substantially increases the rate of operative delivery and leads to maternal and neonatal complications (Melamed, 2010). In the following studies, investigations were performed in purpose to improve the ability to antenatally detect large fetuses, and thereby to improve the prerequisites for an uncomplicated, well planned delivery, and a good start in life for the newborn. 
Aims 
The specific aims of this thesis were as follows:
· To investigate the influence of maternal characteristics (parity, age, BMI, height, gestational diabetes mellitus [GDM], preexisting DM, and smoking habits), and of fetal gender on the third trimester fetal growth.
· To investigate the accuracy in detection of LGA term newborns using a routine ultrasound fetal examination in the third trimester of pregnancy, and the FW estimation formula of Persson & Weldner.
· To investigate whether the prediction of LGA term newborns could be further improved by adding information on maternal characteristics to the estimated FW at the routine ultrasound examination in the third trimester, by using a prediction model based on Bayesian theorem.  
· To investigate the accuracy of FW estimation in prolonged pregnancy using formulas described in the literature based on 2D and 3D ultrasound techniques.
· To develop a new FW estimation formula based on a Swedish population of prolonged pregnancies, using conventional 2D fetal ultrasound measurements and 3D ultrasound techniques including volumetry of fetal thigh and abdomen.  
· To investigate the accuracy of FW estimation in large fetuses using 2D ultrasound technique only, 2D ultrasound and maternal body weight, or 3D ultrasound technique including volumetry of various fetal structures, using four formulas described in the literature.

Subjects and methods

Data sources and subjects
The epidemiology studies, Study I and Study II, were based on a cohort of pregnant women living in the Southern Region of Sweden, within the catchment areas of Lund, Malmö, and Trelleborg. Data of these women with singleton pregnancies were retrieved from a population-based, regional perinatal register, Perinatal Revision South (PRS) (Molin, 1997), a database containing local obstetric ultrasound data (KIKA), and from the national Swedish Medical Birth Register (MBR) (Cnattingius et al., 1990). 
In the clinical studies, Study III and Study IV, the participating women, mostly of Caucasian origin (97 %), visited the antenatal health care units associated with the Department of Obstetrics and Gynecology, Skåne University Hospital, Lund, Sweden, during 2005 to 2011. Midwives working at the antenatal care units, and at the Ultrasound Unit of the Department of Obstetric and Gynecology, gave verbal and written information to their patients about the projects. All women participated voluntarily after giving their oral and written informed consent. The Regional Research Ethics Committee, Lund University, Sweden, approved the studies. 
In Table 1 the subjects participating in the epidemiological and clinical studies are presented.

Table 1.

Methods - epidemiological studies (Studies I, II)
For the two epidemiological population-based, retrospective studies (Study I and Study II) the PRS was used to retrieve information on women with singleton, term pregnancies (delivery at ≥37 gestational weeks), living within the catchment areas of Lund, Malmö, and Trelleborg hospitals, and giving birth at any of the hospitals in the Southern region of Sweden from 1995 through 2009 (n=153,249). The identified women were linked to the local obstetric database (KIKA) to get information regarding fetal ultrasound examinations: the first routine ultrasound examination in the second trimester (at 17 – 19 postmenstrual weeks) for dating of pregnancy, and the second routine ultrasound examination in the third trimester (at 32 – 34 completed gestational weeks) for fetal growth control (n=66, 990). The two formulas of Persson & Weldner were used for dating the pregnancies (Persson and Weldner, 1986a) and for estimating the FW (Persson and Weldner, 1986b). To get information on maternal BMI and smoking habits, the study database was linked to the MBR. With all necessary information available, the total study group comprised 48,809 women. Figure 1 presents the flow chart and explains all exclusions of missing data in detail. 

Figure 1.

Impact of maternal characteristics on fetal growth (Study I) 

To investigate the impact of maternal characteristics on third trimester fetal growth in Study I, each investigated factor was divided into class variables. For each class, the mean FW z-score at ultrasound examination, the mean BW z-score, the difference between these means, and the difference per seven weeks (with 95 % confidence intervals [CI]) were calculated. To express the association between the maternal characteristics and third trimester fetal growth, the best model (linear, quadratic, or divided into class variables) for each factor was determined by visual inspection, by coefficient of determination values, or by residual patterns. Thereafter, a univariate regression analysis was performed for each investigated variable. All investigated factors with a p-value below 0.2 in the univariate analyses were included in a multivariate regression analysis. These maternal factors were age, parity, pre-pregnancy BMI, height, GDM, DM, and the fetal gender. In order to adjust for a possible non-linear fetal growth, the included factors were adjusted for the explored gestational weeks. 

Calculation of antenatal risk for LGA term newborn (Study II)

In Study II, the same cohort of pregnant women as in Study I was investigated. To illustrate the ability to detect LGA term newborns by different FW z-score cut-offs, estimated at a routine ultrasound examination for fetal growth in the third trimester of pregnancy, receiver operating characteristic (ROC) curve was created (Zweig and Campell, 1993) (n=56,792). The sensitivity, specificity, and the height over the line of unity (sensitivity=[1-specificity]) were estimated. To investigate whether the detection of LGA newborns could be further improved, information on maternal characteristics was added to the estimated FW z-score. The ultrasound estimated FW and the BW were expressed in standard deviation scores (z-scores) above or below the expected weight for gestational age according to the Swedish standard for intrauterine growth (Maršál, 1996). Newborns with a BW z-score >+2 were considered LGA. The data set with complete clinical information (n=48,809) was divided into two parts: one part constituted the development sample (women born on un-even dates, n=25,261), and the other part constituted a validation sample (women born on even dates, n=23,548). No differences between the two groups were found besides an inexplicable significant higher proportion of women with BMI ≥30 kg/m2 in the development sample set. Univariate logistic regression analyses evaluated the association between maternal variables and LGA term newborn in the development sample. Variables with a p-value <0.2 in the univariate model were entered into a multiple logistic regression analysis, and the variables in the primary multiple model with a p-value <0.2 were entered into a second multiple logistic regression analysis. Odds ratios (OR) for LGA term (37 – 43 gestational weeks) newborn for each variable were obtained in both the univariate and multivariate models. The ORs from the multiple logistic regression models were converted into likelihood ratios (LR), using the statistical technique of Smith et al. (Smith et al., 2004). In case of a lacking variable, a replacement constant was estimated for each variable. By assessing the difference between the replacement constant and the actual odds for the outcome in the development sample, the LR was adjusted. This process was repeated for each maternal variable in the development sample. By using the Bayesian theorem the predicted risk for LGA term newborn was calculated as follows:


Predicted probability = posterior odds / (1+posterior odds)
posterior odds = background odds * individual LR
The individual LRs were derived by applying the LRs obtained from the multiple logistic regression analysis on each record in the validation sample.
The observed numbers of LGA in the validation sample were related to the predicted probability using the Bayesian model. Finally, ROC curves were created to illustrate the ability to detect LGA term newborns in the validation sample, using the Bayesian model including FW z-score and maternal variables included, by using a model of estimated FW z-score at third trimester of pregnancy only, and a model with maternal variables only (DeLong et al., 1988). The accuracy in detecting LGA term newborn using the different models was illustrated by the areas under the ROC curve (AUC) with 95 % confidence intervals (CI).
The Regional Research Ethics Committee approved the two epidemiological studies (Dnr: 535/2010).
Methods – clinical studies (Studies III, IV)
In the two prospective and comparative studies (Study III and Study IV), 2D and 3D ultrasound examinations for FW estimation were performed. The 2D ultrasound method was used for FW estimation as a clinical routine using the Persson & Weldner formula (Persson and Weldner, 1986b); for research purpose, additional 2D and 3D ultrasound measurements were performed, to be used in formulas by Hart et al. (Hart et al., 2009), Lee et al. (Lee et al., 2006; Lee et al., 2009), and Lindell & Maršál formula developed in Study III, respectively. Table 2 presents the FW estimation formulas used in Study III and Study IV.
Table 2.

2D ultrasound technique and measurements
The 2D ultrasound technique was used for the measurements of fetal head (biparietal diameter [BPD], fetal head circumference [HC]), fetal abdomen (mean abdominal diameter [AD], abdominal circumference [AC]), and fetal femur length (FL). The fetal BPD was measured in the standard projection from the outer edge of the proximal parietal bone to the inner edge of the distal parietal bone, (Shepard and Filly, 1982). The HC was measured from the frontal to the occipital part of the outer contour of the fetal scull bone using an ellipse measurement tool, in the same image as BPD was measured. The AD was measured in the standard cross-sectional plane at the level of the entrance of the umbilical vein in the liver sinus (Eik-Nes et al., 1982). The mean value of the antero-posterior and transverse diameters measured from the outer aspects of the abdominal contour was used. The AC was measured in the same image as that used for AD by placing an ellipse around the outer border of the fetal abdomen. Finally, the fetal femur length was measured from the proximal end of the major trochantor to the distal metaphysis (O´Brian et al., 1981). If necessary, in purpose to get the most optimal condition for measurements of fetal parameters, the image was corrected for factors affecting the 2D grey-scale: adjustments were made of the ultrasound frequency for an optimal resolution and penetration, the gain for the overall brightness of the image, the depth and the angle of the image to include the region of interest, the placement of the focus to optimize the sharpness of the region of interest, the speckle reduction imaging (SRI) for a reducing of speckle in the amniotic fluid to get a better detail image information, and the cross beam compound resolution imaging (XBeam) to enhance contrast resolution for better tissue differentiation, and to clear organ boarders and tissue layers. Each fetal parameter was measured in three frozen images (Kiserud and Maršál, 2000), and the means of the three values were used, stored electronically and printed out on paper.
3D ultrasound technique and measurements
The 3D ultrasound technique is a compile of 2D images in three various planes, sagittal-, cross-sectional-, and coronal plane. Each plane is located 90° to the other two planes. By placing a specially constructed probe for both 2D and 3D examinations, a real-time 4-8 MHz abdominal curved probe, over a region of interest, automatical sweeps from a large number of crystals arranged in the probe are activated gradually. A volume of the examined object is collected, and the collected images from each plane together with a reconstructed 3D image are shown on the screen on the ultrasound machine (Figure 2). By using a software program in the ultrasound machine (4DView) the collected volumes can be reconstructed and optimized off-line in order to improve the quality of images. To get the best calculation condition, optimization of the collected volumes is performed, by changing the X-, Y- and Z-axis and the depth. By adjusting the setting of SRI off-line, speckle is reduced to get an optimal delineation of different soft tissue layers. The volume calculations are performed off-line on the ultrasound machine or by using a software program (4DView) on a computer.
The 3D ultrasound technique was used for measurements of volumes of the fetal thigh (Tvol) and abdomen (Abdvol). For the Tvol measurements, the procedure presented by Lee et al. was used (Lee et al, 2001). The 3D scan sweep of fetal thigh was collected from the projection corresponding to FL measurement as described above. The Abdvol were obtained according to Schild et al. (Schild et al., 2000). The 3D sweep of the abdomen was performed from the same plane as for the AD measurement, collecting a volume from the lower part of fetal chest to the pelvis. Before collecting the fetal volumes, the images were optimized in the same way as for the 2D measurements and an adjusted angle (85°) of the sweeps was chosen, so that each fetal region of interest was included in the volume. All collected volumes were obtained during periods without fetal movements and fetal breathing movements. The women were asked to hold their breath while the 3D scan sweep was performed for a time-period of approximately 5 seconds, to avoid movements from the maternal abdomen while collecting the volume. During advantageous conditions, each fetal volume acquisition took about 1 minute. Three volumes of the fetal thigh (Figure 3) and abdomen (Figure 4) were obtained, and all volume datasets were stored and calculated off-line on the ultrasound machine.
Figure 2, 3, 4.
Fetal thigh and abdominal volume calculations

4DView software version 5.1.0.1 (GE/Kretz technology) was used for the calculations of all the volumes of fetal thigh and fetal abdomen on the ultrasound machine. To obtain an optimal image of the stored volumes of both the fetal thigh and the abdomen, sagittal, cross-sectional, and coronary views were used. Before calculating the volumes, an optimization of the images was done (if necessary) using the SRI function, which is the only available function in frozen image.
Fractional thigh volume was measured, using 50 % of the femoral diaphysis length, centered on the midpoint of the femur (Lee et al., 2004). This mid-part was split into four equal sections. Limb circumference measurements were performed in each of the five cross-sectional images, which were traced manually on the outer skin margin to include the skin and subcutaneous fat (Figure 5). 

For the abdominal volumes similar optimization of images was performed before the volume calculation started. In the sagittal plane, an arbitrary distance of 50 mm from the dome of the diaphragm or from the lowest border of fetal heart towards the distal part of abdomen was marked. The diaphragm was easily detected by following the descending aorta from the middle of abdomen towards the chest. These 50 mm were split into five parallel cross-sectional projections, 10 mm apart, and in a cross-sectional view the circumference of the outer border of the fetal abdomen was traced manually (Figure 6). Each volume calculation took approximately 2 – 3 minutes. 

All values of the calculated fetal thigh and abdominal volumes were expressed in cm3, and stored in a special database.

Figure 5 och Figure 6
Ultrasound equipment

The same ultrasound equipment, a Voluson Expert 730 ultrasound system (GE Kretztechnik, Zipf, Austria) was used for all 2D and 3D sonographic fetal examinations with a real-time 4-8 MHz abdominal probe (RAB-8L H48621Z). The author (GL), who is a midwife especially trained in ultrasound examinations, performed all 3D fetal ultrasound measurements and volume calculations, while 2D fetal ultrasound examinations were performed by her and the specially trained midwives and physicians working at the Ultrasound Unit of the Department of Obstetrics and Gynecology, Lund University Hospital. For all fetal 3D ultrasound volume calculations the above mentioned ultrasound machine was used.
Ultrasound fetal weight estimation in prolonged pregnancy (Study III)  

In Study III, 296 pregnant women participated in a prospective comparative study during the time period of April 2005 to November 2006. Inclusion criteria were singleton pregnancy, ultrasound dating before 20 postmenstrual weeks, no antenatally known fetal malformations, a gestational age of ≥287 days at the time for study ultrasound examination, and delivery ≤4 days following the ultrasound examination for FW estimation. The above criteria were fulfilled by 176 women, whose data were used for comparison of three FW estimation formulae, described in the literature by Persson & Weldner (Persson and Weldner, 1986b), by Lee in 2001 (Lee 1) (Lee et al., 2001), and by Lee in 2006 (Lee 2) (Lee et al., 2006) (Table 2). The 176 women constituted the Study group, and had fetal biometry performed as follows: BPD, HC, MAD, AC, and FL using 2D ultrasound technique, and Tvol using 3D ultrasound technique. The last consecutive 63 women in the Study group had in addition to the above mentioned fetal measurements, also volumetry of the fetal abdomen (Abdvol) performed, using 3D ultrasound technique. These 63 women constituted the Formula group, whose data were used to develop a new FW estimation formula. Another 50 women, fulfilling the inclusion criteria, and not included in the Study group, constituted a Test group. The Test group was used to prospectively test the accuracy in predicting BW of the four FW estimation formulas, including the new formula developed in the first part of the study.

The study was approved by the Regional Research Ethics Committee, (Dnr: 375/2007), and all participating women gave their informed consent to participation. 

Ultrasound weight estimation in large fetuses (Study IV)
Study IV, a prospective comparative study, was performed at the Department of Obstetrics and Gynecology, Lund, University hospital of Skåne, Sweden, during two time periods, from November 2007 to April 2009, and from February 2011 to August 2011. Pregnant women with suspicion of a LGA fetus at the routine ultrasound fetal growth control in the third trimester were offered extended ultrasound examinations for follow-up FW estimation (n=138). The LGA fetus was defined as a fetus with estimated FW >+2 SD above the mean FW for the gestational age, according to the Swedish standard for intrauterine growth (Maršál et al., 1996). Inclusion criteria were singleton pregnancy, fetal ultrasound examination for dating of pregnancy at 17 – 19 postmenstrual weeks, no antenatally known fetal malformations, a LGA fetus at the routine ultrasound examination for fetal growth control in the third trimester (at 32 to 34 gestational weeks), or at ultrasound examination performed for a clinical suspicion of a large fetus later in the third trimester, and delivery within 7 days from the ultrasound examination. For the growth control, the Persson & Weldner formula was used (Persson and Weldner, 1986b). In the study design, the Persson & Weldner formula, and the Hart et al. formula including maternal body weight at the first booking visit (Hart et al., 2010) were used for the 2D ultrasound FW estimations. The fetal head (BPD, HC), abdomen (MAD, AC), and femur (FL) were measured. Volumetry of fetal thigh (Tvol) and abdomen (Abdvol) were performed using 3D ultrasound technique and the 3D formulas of Lee et al., (Lee, 2009) and Lindell & Maršál (Lindell and Maršál, 2009), respectively, were used. The fetal thigh and abdomen volumes were calculated as described above. The four formulas for FW estimation (Persson & Weldner, Hart et al., Lee et al., and Lindell & Maršál) were compared for the accuracy in FW estimation of macrosomic fetuses. 
The study was approved by the Regional Research Ethics Committee, (Dnr: 375/2007), and all participating women gave their informed consent to participation. 

Safety in the clinical use of ultrasound

The acoustic energy produced by the ultrasound transducer can cause heat and cavitation in biological tissue. The heat in the tissue is proportional to the output energy from the transducer. With the improvement and developing of novel ultrasound technology the ultrasound equipment is capable to deliver substantial levels of acoustic energy into the maternal and fetal body, which increases the risk of producing biological adverse effects. With this in mind, international expert groups issue recommendations and guidelines for the safe use of diagnostic ultrasound in medicine. Thermal Index, TI, estimates the risk of increasing the temperature in situ (TI = 1.0 indicates the possibility of increasing temperature by 1°C). The Mechanical Index, MI, is an indicator of the risk of cavitation to occur.  The TI and MI are displayed on the ultrasound screen, easy to see for the user (Output Display Standard, ODS [Barnett et al., 1998]). These values are approximations rather than absolute values for acoustic output (Barnett et al., 2000). An important approach in ultrasound examinations with regard to safety is the ALARA principle: to use energy As Low As Reasonably Achievable (Barnett et al., 2000). It is obvious for all midwifes and physicians at the Ultrasound Unit at the Department of Obstetric and Gynecology, University Hospital of Lund, working with obstetrical ultrasound examinations, to follow this principle. Using TI and MI values <1.0 gives a good safety margin regarding possible biological side effects. In order to achieve safe obstetric ultrasound examinations, midwives and physicians always are aware of the levels of TI and MI values on the ultrasound screen, and in cases the TI and MI values exceeds the recommended limits, the acoustic output will be reduced to a maximum of 1.0. Only in very rare medical cases, when it is needed, e.g. in obese women, TI could exceed 1.0 for a short time period, but never >1.5.

Torloni and co-workers (Torloni et al., 2009), on behalf of the ISUOG-WHO fetal growth study group, conducted a systematic review and a meta-analysis to evaluate the safety of human exposure to ultrasonography in pregnancy. From several reports and studies, the same conclusion was found: ultrasonography in pregnancy was not associated with adverse maternal and perinatal outcome, impaired physical or neurological development, increased risk for malignancy in childhood, subnormal intellectual performance or mental diseases, but there was a weak association between exposure to ultrasonography and non-right handedness in boys, OR 1.26 (95 % CI 1.03 - 1.54).

Investigations have shown that 3D/4D ultrasound does not generate higher acoustic output (expressed in TI and MI) than the 2D ultrasound does (Sheiner et al., 2007). As the 3D/4D ultrasound is a reconstruction of 2D images sweeping over the region of interest, it is logical that the level of energy is comparable to, or lower than that of 2D scanning. Sheiner et al. showed that a 3D volume acquisition added on average 2.0±1.8 (± SD) minutes to actual ultrasound scanning time (Sheiner et al., 2007). 

In Study III and Study IV, 2D ultrasound technique was used for measurements of fetal head, abdomen and femur, and 3D ultrasound technique was used for volume collections of fetal thigh and abdomen. By using the same ultrasound projection for the 3D volume collections as for the 2D fetal biometrics (BPD, AD, FL), no extended time was needed in order to choose an adequate scanning plane for acquiring the 3D volumes. None of the performed ultrasound examinations included in these two clinical studies, exceeded 30 minutes in effective examination time. The dedicated total time for each woman included in the studies was 30 minutes.

Statistical methods
Statistical calculations were performed using the statistical packages MedCalc version 9.1.0.1 (MedCalc Software, Mariakerke, Belgium), Analyse-it (Analyse-it Software LTD, Leeds, UK), Statistical Package for the Social Science (SPSS Inc., Chicago, Illinois, USA), and Gauss software (GaussTM; Aptec System Inc., Maple Valley, WA, USA; www.aptec.com).

Univariate regression analysis is a statistical procedure that determinates the effect of a single variable on an outcome (Tuuli and Odibo, 2011). Univariate regression analysis was used in Study I to investigate the impact of maternal characteristics on third trimester fetal growth, and in Study II to evaluate the association between maternal characteristics and LGA term newborn.
Multivariate regression analysis is mostly based on linear regression modeling. This is a statistical procedure that comprises a group of inferential statistical procedures used to estimate the expected value of a dependent (outcome) variable as a linear function of two or more independent variables (Tuuli and Odibo, 2011). Multivariate regression analysis was used in Study I, to investigate the influence of maternal characteristics on third trimester fetal growth, and in Study II to evaluate risk factors for LGA term newborn.
Confidence interval, CI, is the range of values within which a population parameter is estimated to be, which means that the true mean values of the population estimates will be within the CI up to 95 % (Björk, 2010; Polit and Hungler, 1995). The CI was used in all studies.
Polynomial regression test is a form of linear regression test where a relationship between the independent variable x and the dependent variable y can be found. This test was used when developing the new FW estimation formula in Study III. The new formula was based on measurements of fetal BPD, HC, AD, AC, FL, thigh volume and abdominal volume. For each fetal parameter, the regression against true BW was studied using equations of one to three exponential functions (1st to 3rd degree polynomials) in all possible combinations. The formula, which gave the best fit to the observed BW was selected. 
Standard deviation (SD) is a widely used measurement of variability or diversity of individual values around the sample mean. It shows how much variation or dispersion there is from the average (mean), a marker for the random error. A low SD indicates that the data points tend to be very close to the mean, whereas high SD indicates that the data is spread over a large range of values. In an unselected population the mean ±2 SD will contain approximately 95 % of normal distributed population. The SD was used in all studies in this work expressing the variation from the mean estimated FW or the BW.

Chi-square test, X2, is used to evaluate the significance of the difference of two or more independent groups with nominal or categorical data (Polit and Hungler, 1995).  The Chi-square test was used in Study II for the categorical variables when comparing the demographic characteristics between the development sample and the validation sample. In Study III, the test was performed for comparison of the formulas used, in the agreement between estimated FW and the actual BW within ±5 % and ±10 %. 
Mann-Whitney U-test is a non-parametric test used to evaluate the difference between two independent groups, based on rank scores, median values (Björk, 2010; Polit and Hungler, 1995). The test was used for the heterogeneity between groups in the descriptive presentation in Study I, and in Study II between the continuous variables of maternal demographics in the development group and the validation group.
Kruskal-Wallis test is a non-parametric test used to test the difference between three or more independent groups, based on ranked scores, an “extended” Mann-Whitney test (Björk, 2010; Polit and Hungler, 1995). The test was used for the heterogeneity between groups in the descriptive presentation in Study I.
Paired Wilcoxon test is a non-parametric statistical test used to test the difference in distribution between paired measurements (Björk, 2010; Polit and Hungler, 1995). The test was used in Study IV for comparisons of the precision between the Lindell & Maršál formula and the three other formulas of the ABS MPE, and in the number and rate of FW estimations within ±5 % and ±10 % of BW ≥ 4,000 g in the various formulas. 
Correlation coefficient, r, is an index that summarizes the degree of relationship between two variables. Correlation coefficient typically ranges from +1.00 (for a perfect direct relationship) through 0.0 (for no relationship) to -1.00 (for a perfect inverse relationship) (Polit and Hungler, 1995). The correlation coefficient was used in Study III, to evaluate the association between the measurement error of the tested formulas, and maternal BMI and amount of amniotic fluid, respectively. 
Coefficient of determination, R2, describes the proportion of variance in the dependent variable accounted for or explained by a group of independent variables (Polit and Hungler, 1995). R2 was used in Study I, to determine the best univariate model used in the association of maternal characteristics and the third trimester fetal growth, and to explain the variance in the impact of investigated maternal characteristics on third trimester fetal growth. In Study II, the coefficient of determination was used in order to evaluate which variable had the strongest association to LGA term newborn. In Study III, R2 presented the variance in FW estimation formulas used, in relation to actual BW.
Receiver operating characteristic curve (ROC) is a graphical plot of the sensitivity, or true positive rate, versus the false positive rate (1-specificity, or 1-true negative rate) for different cut-off points. Each point on the ROC curve represents a sensitivity/specificity pair corresponding to a decision threshold. A test with perfect discrimination (no overlap in the two distributions) has a ROC plot that passes through the upper left corner, where the true-positive fraction is 1.0 or 100 % (perfect sensitivity), and the false-positive fraction is 0 (perfect specificity). Therefore, the closer the ROC plot is to the upper left corner, the higher the overall accuracy of the test (Zweig and Campell, 1993).  A test that performs poorly will have a ROC curve that falls closer to the 45° diagonal line.  The area under the ROC curve (AUC) provides a numeric value for the overall accuracy of a test. An AUC value of 1.0 indicates a perfect test, whereas 0.5 indicates a test that performs not better than chance (Goetzinger and Odibo, 2011). ROC curves and AUC were used in Study II in purpose to investigate the possibility to detect LGA fetuses at third trimester ultrasound examination for fetal growth control, using the 2D ultrasound technique and Persson & Weldner FW estimation formula, and to evaluate which model (linear, quadratic, or divided into class variables) for each investigated maternal variable best showed the association to LGA fetuses in the third trimester. (DeLong et al., 1988). In Study IV ROC curves illustrated the accuracy in prediction of BW >4,500 g using 2D and 3D ultrasound techniques and various FW estimation formulas.
The Bayesian theorem, a central theorem in probability theory, is a mathematical procedure using the knowledge of prior odds in combination with new knowledge, to obtain the best possible probability. This is a way to revise the prior probability to a predicted probability in order to improve the accuracy of a risk calculation. The background odds of a particular diagnosis multiplied by the likelihood ratio determines the posterior odds. 
Predicted probability = posterior odds / (1+posterior odds).
Posterior odds = background odds * individual LR.
This calculation is based on the Bayesian theorem. In Study II the Bayesian theorem was used for a calculation of the individual risk of giving birth to a LGA fetus at term.
Odds ratio, OR, describes the strength of an association or non-independence between two binary data values in descriptive statistics. OR expresses the probability for an event to be, compared to the event not to be. It is a measure of the size of an effect, and plays an important role in logistic regression analysis. OR is calculated as 

(true positives/false positives) / (false negatives/true negatives).

 OR was used in Study II to analyze the association between maternal factors and LGA term newborn, using univariate and multivariate logistic regression analyses. 
Likelihood ratio, LR = sensitivity/(1-specificity), expresses a numerical value of a diagnostic test or method. By using the sensitivity and specificity of a test, the LR determines whether the test result usefully changes the probability that a condition exists (in this work “LGA term newborn”). In Study II all obtained ORs of the maternal characteristics associated with LGA term newborn from univariate and multiple logistic regression analyses, and the FW z-score were converted to adjusted LRs in order to be included in a calculation model of Bayesian theorem for estimation of the individual risk for LGA term newborn.
Fetal weight estimation errors were evaluated for the BW prediction of each formula. In Study III and Study IV, the error in gram was calculated as the mean difference between FW estimate and BW, and the mean percentage error (MPE) (%) was calculated as 
MPE = mean of all (FW-BW)*100/BW.
The MPE reflects the accuracy of the formula used for FW estimation, and is considered a marker for the systematic error.
Absolute MPE (ABS MPE) is a measure of accuracy of a method in fitted values, expressed as percentage; the distance between each measured value compared to the true value. In Study IV each individual estimated FW was compared to the actual BW:

 ABS MPE = mean of all |FW-BW|*100/BW.
In Study III and Study IV the agreement between the estimated FW and BW within ±5 % and ±10 % for each formula was calculated, using Test for one proportion, including 95 % CI and p-value.
Repeatability and reproducibility
Reproducibility of fetal volume calculations was determined by intra-observer and inter-observer test. Intra-observer repeatability is tested when one person measures the same characteristics several times using the same method, while inter-observer repeatability is tested when two or more persons measure the same objects using the same measuring technique. The Intra-class coefficient (ICC) indicates the proportion of the total variance in measured results that can be explained by differences between the individuals examined. A high ICC value indicates that the measurement can be used to discriminate between individuals (Scherjon et al., 1993). Values for Intra-CC and Inter-CC above 0.75 are said to be acceptable (Rosner, 1995). The ICC was used in Study III to evaluate the intra- and inter-observer reproducibility and reliability of fetal thigh volume calculations for one examiner and between two examiners.

Two examiners, the first (GL) and a second examiner, specially trained and experienced in 3D ultrasound technique and volume calculation, evaluated the repeatability and reproducibility of the fetal thigh volume and the fetal abdominal volume measurements. Both examiners had the similar training and skills in calculating 3D volume measurements. Twenty fetuses, included in Study III, were randomly chosen for the evaluation of the thigh volumes. All volumes were acquired by the first examiner (GL) and calculated off-line. Three stored ultrasound thigh volumes for each fetus were used and the examiners were blinded to the previous results, the estimated FW and the actual BW. The results from each examiner and between the two examiners were evaluated using intraclass and interclass correlation coefficients (Rosner B, 1995; Bartlett and Frost, 2008). For thigh volume measurements the interclass correlation coefficient was 0.72 (95 % CI 0.51 – 0.87). The intraclass correlation coefficients were 0.92 (95 % CI 0.80 – 0.97) and 0.93 (95 % CI 0.85 – 0.97) for examiners one and two, respectively.

Methodological considerations

In the epidemiological studies, maternal ethnicity, maternal BW, and paternal demographic information were not known. If these, now lacking variables had been considered and included in the statistical analyses of factors influencing third trimester fetal growth (Study I), a possibly improved individual growth pattern might have been found, as well as an improved ability to antenatally predict LGA term newborns (Study II). Another limitation in Study I was that data were available from only one ultrasound examination for fetal growth in late pregnancy, which made only two observations for fetal growth rate available (the estimated FW from the ultrasound examination at 32 - 34 gestational weeks, and the BW). With only this information provided, a growth curve using multiple event technique was not possible to model. 
In the clinical studies (Study III and Study IV) only one sonographer (GL) collected and calculated all 3D ultrasound fetal volumes that were included in the statistical calculations, which may raise a question of reliability and generalizability of the method. Before starting up Study III, a pilot study was performed, including 50 pregnant women who had 3D ultrasound fetal thigh volumetry performed at the time for the routine fetal ultrasound examination in the third trimester of pregnancy. Despite that, a discrepancy in experience in the use of 2D and 3D ultrasound techniques existed, as the 2D ultrasound method has been used since at least three decades. No repeatability or reproducibility tests were performed before starting up the clinical studies. A reproducibility test of the conventional 2D ultrasound fetal measurements performed of all staff of the Department of obstetric ultrasound, might have increased the validity and the reliability in the recruitment of pregnant women to participate in the studies. A possible variance in the fetal measurement technique, and thereby the accuracy in estimating FW could exist, although all measurements included in any statistical analysis were performed only by GL.
In Study IV, only women with a fetus that had an ultrasonographically estimated FW z-score >+2 were recruited to participate in the study. If the cut-off limit of FW z-score had been e.g. +0.5 instead of +2 z-scores, for inclusion in the study, a more fair appraisal of which formula best predict large fetuses had been done. Fetuses at the relatively high FW z-score chosen in the present study are already at high risk of being large. Furthermore, the formula used for FW estimation was Persson & Weldner formula. It may have been more just prerequisite to the formulas used, if the recruitment of the participating pregnant women were performed using other techniques such as clinical palpation of the uterus or symphysis-fundal measurements.
Results and comments
Impact of maternal characteristics on fetal growth (Study I)
Multivariate analyses showed that increasing pre-pregnancy BMI, height, and pre-existing DM were all significantly associated with fetal growth in the third trimester of pregnancy. An inverse U-shaped relationship with fetal growth was found for maternal age (Figure 7). When maternal age was entered as a second grade polynomial and adjustments for gestational age were done, a statistically significant association between maternal age and third trimester fetal growth was seen. Fetal growth in the third trimester was significantly reduced by heavy smoking habits (≥10 cigarettes per day) whereas no significant association was detected between fetal growth rate and parity or GDM, when adjustments were made for gestational age and the other maternal factors.  Somewhat surprisingly, the female fetuses grew significantly better than did the male fetuses during the third trimester of pregnancy, which could be difficult to interpret. One possible explanation might be that the growth-curves used are gender specific and based on a prospective study of a small sample of low risk population, in contrast to the current study, where no exclusions of pathological pregnancies were made. The main results are shown in Table 3.
Figure 7 och Table 3.
Comments
Several investigators have published fetal growth charts including maternal characteristics, in order to obtain growth curves that take other variations than pathological ones into account (“customized growth curves”) (Gardosi et al., 1992; Mongelli and Gardosi, 1995; Pang et al., 2003; Lian Johnsen et al., 2006a). Most of the mentioned studies used cross-sectional techniques to find the association between FW, fetal biometrics, or BW, and various maternal factors. Similar to the present study, most of the studies found a positive association between FW, BW, or fetal biometrics, and maternal height, weight or parity (parity was not associated to fetal growth in the current study), and a negative association with maternal smoking. In the current study, obesity was investigated separately from maternal height, by using BMI instead of only maternal weight. To distinguish the effects of BMI on FW from the GDM and DM (conditions often linked to obesity), GDM and DM were included into the statistical models. Some investigators have reported a growth cessation from 38 completed weeks of pregnancy onwards (Deter et al., 1989). In order to adjust for a possible non-linear fetal growth during the investigated gestational weeks, the main results were adjusted for gestational age at birth. 

In concordance with a study of Hutcheon et al., the maternal factors investigated in the present study explained only 7 % of the variance (Hutcheon et al., 2008). Nevertheless, the results in the current study stress the importance of taking the maternal variables into account when estimating the growth potential for the individual fetus at the third trimester ultrasound examination, especially fetuses that have an increased risk of being macrosomic. This information should be considered when deciding which pregnancies should be subjected to intense third trimester growth surveillance. 
Calculation of antenatal risk for LGA term newborn (Study II)
The overall capability to predict LGA term newborns using FW z-scores, estimated at a routine ultrasound examination at 32 to 34 gestational weeks, and the mean time elapsed between ultrasound examination and birth of 7 weeks was determined by ROC curve. The AUC was 0.89 (95 % CI 0.89 - 0.90), and the “optimal cut-off value”, i.e. the estimate with the largest height over the line of unity (sensitivity=[1-specificity]), was +0.5 FW z-score (sensitivity 88 % and specificity 73 %). 
No significant differences between the two data sets, the development and the validation set, were found, except for a higher prevalence of women with BMI ≥30 kg/m2 in the development set. The development set was used in order to construct a prediction model for risk calculation of LGA term newborn. Maternal risk factors for LGA term newborns were evaluated by obtaining OR and p-values from univariate and multiple logistic regression analyses of the development set. The maternal characteristics found to be associated with LGA newborn were maternal BMI, height, smoking habits, primiparity, pre-existing DM, and FW z-score at ultrasound examination at 32 to 34 gestational weeks. The strongest factor associated with LGA newborn was FW-z-score, explaining 35 % of the variance in the univariate model (R2=0.35). The probability of giving birth to a LGA term newborn was predicted by applying the LRs (Table 4) on the personal characteristics and clinical data for each woman in the validation set. An example of how to use the prediction model is shown in Table 5.

Table 4 och Table 5. (box)
The numbers of observed LGA term newborns and the numbers of predicted LGA term newborns in the validation set were compared. In the strata of low risk, 0 – 9 %, and high risk, >90 %, for LGA term newborn, respectively, the percentages of predicted and observed cases were similar (1.7 % versus 1.6 % for low risk, and 97.4 % versus 95.0 % for high risk, respectively). However, in the strata of 60 % to 89 % risk, the numbers of observed LGA newborns were somewhat lower than that of predicted (discrepancy within 6 % to 12 % between the observed and predicted LGA, respectively).
Using the validation sample, the ability in predicting LGA term newborns by LRs using the various models (the prediction model including FW z-score and maternal characteristics, the model of FW z-score only, and the model using maternal characteristics exclusively) was determined by ROC curves. The AUC was slightly, but significantly higher using the FW z-score prediction model with maternal characteristics included, than using the model FW z-score only, 0.91 (95 % CI 0.90 - 0.92), and 0.89 (95 % CI 0.88 - 0.90), respectively (p-value for the difference between the areas <10-6). The AUC retrieved from the model of maternal factors only was considerably lower, 0.74 (95 % CI 0.73 - 0.76) (Figure 8).
Figure 8. 
 Comments
Antenatal identification of fetuses at risk for macrosomia is an issue of great importance due to an increasing obesity among women in childbearing age. In the present population-based study, a high accuracy in detection of LGA term newborns, using the estimated FW z-score at a routine ultrasound examination in early third trimester, was found through ROC curve. The accuracy to detect LGA term newborns was further improved by including maternal characteristics to the estimated FW z-score, by using the Bayesian theorem. 

Not many studies could be found using a routine fetal ultrasound examination in the third trimester of pregnancy and the same scope and large data sample set as in the current study. However, in order to improve the detection of large fetuses several weeks before birth a nomogram by Mazouni et al., (Mazouni et al., 2007), and a prediction formula of Nahum and Stanislaw (Nahum and Stanislaw, 2007), were developed using maternal variables together with ultrasonographic estimated FW. Both the nomogram and the prediction formula were found to predict BW of large fetuses (BW >4,000 g) better than the formula of Hadlock (Hadlock et al., 1985). Balsyte and colleagues (Balsyte et al., 2009) found contradictory results. They concluded that the prediction of fetal macrosomia close to delivery using ultrasound alone was significantly superior compared to the combined method of Mazouni et al., whereas the equation of Nahum and Stanislaw was similar to ultrasound alone. It is obvious that the impact of maternal factors on fetal growth could not be shown with the short time elapsed between ultrasound examination and birth. Ben-Haroush et al. found no evidence that the prediction of LGA at birth could be improved by adding information of maternal characteristics to ultrasound estimated FW (Ben-Haroush et al., 2007).
The increased risk of perinatal complications for both the mother and the newborn due to the birth of large fetuses is well known (Henriksen, 2008). The prediction model developed in the present study, using Bayesian theorem, showed a high accuracy in the ability to predict LGA term newborns. The model might be an important tool for an early identification of large newborns. When comparing the sensitivity and 1-specificity at various LRs cut-offs using estimated FW only, and the model of both FW and maternal characteristics, the model with maternal characteristics included, had the over-all higher sensitivity and lower 1-specificity rate, than FW only had. For example, at a LR of 1.3, the sensitivity for FW only and for FW + maternal characteristics was 78 % and 86 %, respectively, and the 1-specificity 23 % and 18 %, respectively (Table 6). Using a limit of LR 1.3 for giving birth to a large term newborn, would be a clinically useful and acceptable level with fewer “unnecessary” extra ultrasound examinations performed, but still could 86 % of large fetuses be detected. Thus, proportionally more LGA newborns could be antenatally detected by including the maternal characteristic to the estimated FW at the routine ultrasound examination at 32 to 34 gestational weeks. The results in this study prove the great importance of the clinical use of a second routine ultrasound examination in the third trimester of pregnancy. Women found to be carrying a large fetus in the third trimester, could be offered an extra ultrasound examination at term to follow up fetal growth, and to individually plan for time of delivery and delivery mode. Thereby, some perinatal complications for both the mother and the newborn due to a large fetus might be avoided.
INFOGA Table 6.
Ultrasound fetal weight estimation in prolonged pregnancies (Study III)
Of the 296 pregnant women who participated in the study, 176 women fulfilled the inclusion criteria. There were no significant differences in demographic variables and in the outcome of pregnancies between the groups of women included in the study (n=176), the test group (n=50), and the excluded group (n=120), women who did not fulfilled the inclusion criteria (Table 7). The reason for exclusion was most often that the time between the ultrasound examination and birth exceeded 4 days. The BW of the study group ranged from 2,740 g to 5,470 g.
Table 7.
When comparing the three published FW estimation formulas, no statistically significant difference in the accuracy of predicting BW was found between Lee 2 3D formula (Lee et al., 2006) and the Persson and Weldner 2D formula. However, there was a statistical significant difference between the two above-mentioned formulas and Lee 1 3D formula. All formulas underestimated the BW. The lowest MPE had Lee 1 formula, -1.3 %, but had on the other hand the largest SD (9.3 %). For the agreement between FW and BW within ±5 %, no significant differences were found between the three formulas, but significantly more FW estimations were within ±10 % of the BW when using the Persson and Weldner formula than when using the two Lee formulas. 
In the last consecutive 63 women of the Study Group (the Formula group) volumes of the fetal abdomen were collected in addition to the 2D measurements and volumetry of fetal thigh. A new FW estimation formula was developed by using linear regression analysis for each of the fetal parameters, which were studied against the BW. By using the fetal parameters in all possible combinations in equations of 1st to 3rd degree polynomials, the formula that best fitted to the observed BW was chosen. When the new formula was applied on the Formula group from which it was derived, the results were R2 = 0.81, mean MPE 0.30 % and SD 5.6 %.  All four formulas, the three from the literature and the new formula developed in the present study, were applied on a new group of women, the Test group (n=50), with same inclusion criteria as in the Study group and the Formula group. No significant differences were found in accuracy of predicting BW between the formulas except for the Lee 1 formula, that predicted the BW significantly poorer compared to the other three formulas. The Persson and Weldner formula showed a slight underestimation of BW (-1.0±7.0 %), whereas Lee 2 and the new formula slightly overestimated the FW by 4.1±7.1 % and 4.6±7.0 %, respectively. In the agreement of FW versus BW within ±5 % and ±10 %, no significant differences were found between the formulas, except for Lee 1 formula, that had the smallest proportion of FWs estimated within both ±5 % and ±10 % of BW (Table 8). After exclusion of the Lee 1 formula, no significant differences between the three remaining formulas were found (±5 %, chi-square = 0.9, p = 0.65; ±10 %, chi-square = 1.1, p = 0.58), respectively.
Table 8.
Comments
The aim of the current study was to investigate which of the ultrasound methods - 2D or 3D - best predicted BW in prolonged pregnancies. The results showed that in a group with wide distribution of birth weights, FW could be estimated with similar accuracy by using 2D ultrasound technique as by using 3D ultrasound technique including volumetry of fetal thigh and abdomen. This applied both for the two published 3D formulas and for the new formula based on 3D measurements from our own population.
A review by Dudley (Dudley, 2005) showed that most FW estimation formulas based on 2D ultrasound technique had a general tendency to underestimate the weight in fetuses with high BW, ≥4,000 g. In contrast, Mongelli and Benzie (Mongelli and Benzie, 2005) found in a comparative study of 18 FW formulas that most of them tend to over-diagnose macrosomia at or beyond term. However, the formula of Persson and Weldner was found to have one of the lowest false-positive rates, when predicting macrosomia in post-term pregnancy, compared to the other formulas included in the study. Mongelli and Benzie also showed that FW estimation formulas performed best in populations similar to those from which they were originally derived. This might be one explanation, among others, that in the present study the Persson and Weldner formula showed lower false-positive rates than did the previously presented 3D formulas for FW estimation of fetuses in prolonged pregnancies. The new 3D formula developed in the current study, was derived from a similar population as the 2D Persson and Weldner formula was, and reached similar accuracy in predicting BW as the 2D formula did. Lack of experience of using the new 3D technique, and the relatively small study group might be some explanations why the 3D method did not perform better. 
The results of the present study indicate that 3D ultrasound techniques enabling volume estimation of individual fetal body parameters is not sufficient to achieve greater accuracy in FW estimation in prolonged pregnancy with a wide distribution of BWs. Further research using both 2D and 3D ultrasound techniques for FW estimation is an important issue, with focus on pregnancies with an increased risk of fetal macrosomia.
Ultrasound weight estimation of large fetuses (Study IV)
Of the 138 participating pregnant women, 114 fulfilled the inclusion criteria, 99 of the women gave birth to a newborn weighing ≥4,000 g, and 30 of those women gave birth to a macrosomic newborn (BW >4,500 g). Table 9 shows a demographic presentation of the total study group and of the excluded women. 

The significantly smallest ABS MPE, 4.7±3.4 %, was found using the Lindell & Maršál formula compared to the formulas of Persson & Weldner (p=0.04) and Lee et al. (p=<0.001). No significant difference was found in the ABS MPE between Lindell & Maršál formula and Hart et al. formula (p=0.68). For the comparison of the accuracy in the various formulas, Wilcoxon signed test was used. Figure 9 shows the 95 % CI of the MPE for the four formulas in the total study group, and in the subgroup of macrosomic newborns. For BW >4,000 g the Lindell & Maršál formula had the smallest variance and was closest to zero among the formulas compared. For BW >4,500 g, the formula of Lee et al. had a MPE that touched zero (mean 2.1 %) but had on the other hand a wide CI, tend to an overestimation. The formula of Lindell & Maršál was close to zero (mean -2.3 %) with a slight underestimation and a considerably smaller CI compared to Lee et al. The Lindell & Maršál and the Hart et al. formulas showed a significantly higher agreement between estimated FW and BW within ±5 % than the formula of Lee et al. did (p=0.006 and p= 0.008, respectively). Corresponding differences were seen in the agreement within ±10 % for Lindell & Maršál and Lee et al. formulas (p=0.002). Marginally better agreement within ±10 % of BW was found for Lindell & Maršál formula than for Persson & Weldner formula (p=0.046). In detecting newborns >4,500 g, ROC curves were created by various FW cut-offs using the four formulas, and the AUC were overall higher for the 3D formulas, even though the only statistical significant difference was found between Lindell & Maršál and Hart et al. formulas (p=0.018). The difference between the AUC of Lindell & Maršál and Persson & Weldner formulas was close to significant (p=0.067) (Figure 10).
Table 9, Figure 9 och Figure 10.
Comments

Several investigators have compared different ultrasound techniques and various FW estimation formulas in their accuracy to predict BW of large fetuses (>4,000 g) (Melamed et al., 2009; Mongelli and Benzie, 2005; Sokol et al., 2000; Hart et al., 2010; Hasenoehrl et al., 2009). The conclusions of these investigations were that the type of formula used had a profound influence in the prediction of BW, but that in most of the formulas a general underestimation was seen in fetuses with BW >4,000 g (Melamed et al., 2009; Mongelli and Benzie, 2005). Some investigators found an increased detection rate of large fetuses by adding maternal variables into the FW estimation formulas (Sokol et al., 2000; Hart et al., 2010), while others were not able to confirm that (Halaska et al., 2006). The ability to collect volumes of various fetal parameters using the 3D ultrasound technique gave hopes to a better antenatal detection of large fetuses. Several studies have shown that 3D volumetry of fetal thigh, arm, and abdomen in combination with conventional 2D ultrasound measurements improved the ability in predicting BW close to birth (Schild et al., 2000; Lee et al., 2009). Hasenoehrl et al. (Hasenoehrl et al., 2009) compared the accuracy in prediction of BW using 2D and 3D ultrasound techniques and found that both techniques underestimated the BW. Nevertheless, the 3D technique had the best accuracy (Schild et al., 2000), even though the sensitivity to predict BW >4,000 g was low. In concordance with Hasenoehrl et al., the present study showed a higher accuracy in predicting BW in large fetuses using 3D ultrasound technique, but in contrast, the current study also showed a higher detection rate of BW >4,500 g, using 3D ultrasound compared to that of 2D ultrasound technique, with or without maternal variables included. Notably, in the clinically most important subgroup of BWs >4,500 g, the Hart et al. formula did not detect any of these large fetuses, even though the formula was developed in purpose to detect macrosomic fetuses (BW >4,000 g).

 In the present study, ROC curve was created to illustrate the performance of the four formulas in detecting newborns with BW >4,500 g. The highest detection rate showed the 3D technique compared to the 2D technique, even though the only statistical significant difference was found between Lindell & Maršál 3D formula and Hart 2D formula with maternal body weight included. The best clinically acceptable relation between the detection rate and false positive rate was found for the Lindell & Maršál 3D formula at FW ≥4,300 g with a detection rate of 93 % and the false positive rate 38 %. As the 3D technique is incorporated in many modern ultrasound systems, and more commonly used in obstetric ultrasound examinations, the 3D technique could be used as a second-line diagnostic method in purpose to improve the BW prediction of suspected macrosomic fetuses. Nevertheless, some obstacles have to be solved for a wider clinical use - the off-line volume calculations are time-consuming and the reproducibility of 3D technique should be further investigated. 
General discussion and conclusions
According to the worldwide obesity epidemic, perinatal complications due to birth of a large newborn are, and will be, a common obstetric phenomenon for future generations. In the present studies the aims were to find tools for an improved antenatal detection of large term fetuses and thereby to prevent and decrease severe consequences for both the mother and the newborn. 

This thesis-project was divided into two parts: one epidemiological and one clinical part. The routinely used ultrasound examination for fetal growth in the third trimester of pregnancy was the main base in all investigations, and ran like a red thread through all studies. 

The results showed that the detection rate of LGA term newborn was high using the routine fetal ultrasound examination in the third trimester, which highlights the importance of such examination. Furthermore, investigations showed that third trimester fetal growth was influenced by maternal pre-pregnancy and pregnancy-related variables, which has not been reported before in such a large unselected term population. As expected, maternal variables that affected BW also affected the third trimester fetal growth. The results stress the importance of taking maternal characteristics into account when estimating the individual fetal growth potential at the third trimester fetal ultrasound examination. This information might be of importance when deciding which pregnancy should be followed up at term.

Having in mind the knowledge regarding the association between maternal characteristics and the third trimester fetal growth, a prediction model for antenatal risk calculation of LGA term newborns was developed. The prediction model, based on Bayesian theorem including the pregnant woman´s personal demographic characteristics in addition to the estimated FW in the third trimester, improved the antenatal calculation of risk for LGA term newborn. The method is simple and usable, and it might help the clinicians and midwives when taking decision on which pregnancy to subject for extended surveillance including an extra ultrasound estimation of FW close to term. 
In the clinical most important subgroup of large fetuses with BW >4,500 g, the 3D ultrasound technique including volumetry of fetal thigh and abdomen using the Lindell & Maršál formula showed an overall higher accuracy in predicting BW close to delivery, and had a better relation between the detection rate and false positive rate than the conventional 2D technique. However, in prolonged pregnancies with a wide range of BWs, no advantage was found using the 3D technique compared to the 2D technique. These results indicate that the detection rate of large newborns could be improved by using the 3D ultrasound technique and the Lindell & Maršál formula as a second-line diagnostic method in a preselected group of pregnancies with suspected large fetuses, primarily identified by conventional 2D ultrasound.

Conclusions
· Multivariate analyses showed that maternal pre-existing DM, increasing pre-pregnancy BMI, and height had a significant positive influence on the third trimester fetal growth, while heavy smoking had a strong negative impact on fetal growth. Female fetuses were found to grow significantly better than male fetuses during the examined time period of pregnancy. 
· The ability to antenatally detect LGA term newborns at a median time of seven weeks before birth was good using a third trimester routine 2D ultrasound examination of fetal growth with the FW estimation formula of Persson & Weldner. 
· The prediction of LGA term newborns could be further improved by adding pre-pregnancy and pregnancy-specific maternal variables to the estimated FW at the third trimester ultrasound examination, by using the proposed prediction model developed utilizing the Bayesian theorem. 
· In prolonged pregnancies with a wide range of BWs, no significant difference was found in the accuracy of BW prediction when comparing the conventional 2D ultrasound and the 3D ultrasound techniques with volumetry of fetal thigh. 

· A new FW estimation formula was developed based on 2D ultrasound measurements of fetal head and abdomen (HC and AD) and 3D ultrasound volumetry of fetal thigh and abdomen. When comparing the accuracy of the FW estimation formulas using 2D and 3D ultrasound technique and the new formula developed in this study (Lindell & Maršál), no significant difference was found in prolonged pregnancies. 
· Overall, the 3D ultrasound technique was found to have a higher accuracy in predicting BW >4,500 g compared with that of 2D ultrasound using FW formulas with or without maternal variables included. 

In summary, the results of the studies performed within this PhD thesis project, suggest that a routine ultrasound examination in the third trimester is warranted in order to detect not only the growth retarded fetuses, but also the large term newborns. When estimating the growth potential for the individual fetus at the third trimester ultrasound, it is important to consider the influence of maternal characteristics of fetal growth. Calculation of the risk for LGA term newborn using the proposed prediction model based on Bayesian theorem with maternal characteristics included in addition to the estimated FW in the third trimester, might be a simple and useful tool to improve the detection rate of large fetuses. For this purpose, pregnant women predicted to give birth to a large newborn could be offered an extra fetal ultrasound estimation of FW close to term using 3D ultrasound technique and the formula of Lindell & Maršál with volumetry of fetal thigh and abdomen. Severe consequences for both the mother and the newborn might then be minimized and possibly avoided by individual planning for time and mode of delivery, and intensified surveillance of the course of labour, when a large term newborn is suspected. 
Sammanfattning på svenska
Parallellt med ökande body mass index (BMI) under de två senaste decennierna bland kvinnor i barnafödande ålder, har andelen barn som föds stora för tiden, large-for-gestational age (LGA) (>+2 standardavvikelser [SD] över förväntad vikt för graviditetslängden enligt svenska standardkurvan) samt makrosoma (>4 500 g) barn ökat. Att födas stor är förenat med ökade risker både för barnet och modern. För barnet ökar risken för instrumentell eller operativ förlossning, skulderdystoci, syrebrist, låg Apgarpoäng samt intensivvård på neonatalavdelning. Nyckelbens-och överarmsfraktur samt nervskador på brachialis- och facialisnerven kan tillkomma som en konsekvens av skulderdystoci, och skadorna kan bli bestående. Hög födelsevikt är dessutom förenat med ökade hälsorisker senare i livet, så som övervikt, diabetes, högt blodtryck samt bröstcancer hos flickor. För moderns vidkommande ses en ökad risk för kejsarsnitt, instrumentell förlossning, stora blödningar samt bäckenbottenskador, vilka kan leda till bestående inkontinens- och samlivsproblem. 

Det genetiska arvsanlaget är den grundläggande faktorn för fostrets förutbestämda vikt, men epidemiologiska studier har visat att flera andra faktorer påverkar fostrets storlek så som moderkakans funktion (det feto-maternella utbytet), maternella och graviditetsrelaterade faktorer (BMI, längd, diabetes mellitus [DM], rökvanor, ålder, paritet, överburenhet, moderns egen födelsevikt), tidigare barns födelsevikt samt barnets kön. Faderns karakteristika påverkar dock inte fostertillväxt och födelsevikt i samma utsträckning som maternella variabler gör. 

Kontroll av fostrets storlek och tillväxt är några av många viktiga parametrar som följs upp under graviditeten, då fostrets tillväxt är ett mått på dess mående. Fostertillväxten bedöms genom palpation av livmoderns storlek, mätning av symfys-fundusmått samt med mätningar av fostret med två-dimensionell (2D) ultraljudsteknik. Viktskattning och storleksbedömning beräknas med Persson och Weldners formel (1986), som sedan mitten av 1980-talet har använts på de flesta kliniker i Sverige. Genom mätningar av fostrets huvud, kropp och lårben skattas fostervikten i förhållande till graviditetslängden enligt en svensk standardkurva, och fostertillväxt och -storlek kan därmed bedömas. Formeln har ett viktskattningsfel på 7,1 %, vilket är acceptabelt för normalstora och små foster. För foster som beräknas vara stora för tiden, LGA, eller makrosoma, antas ofta avvikelsen i gram bli allt för stor för att metoden skall vara kliniskt tillförlitlig. Sedan den tre-dimensionella (3D) ultraljudstekniken blev tillgänglig har volymmätningar av fostrets olika kroppsdelar blivit möjlig, vilket potentiellt borde öka precisionen av fosterviktskattningen.

Under de senaste decennierna har prevalensen av barn som fötts LGA och/eller makrosoma ökat parallellt med stigande maternell övervikt. Syftet med studierna i detta arbete var att finna utökade möjligheter att antenatalt upptäcka foster vilka riskerar att bli stora för tiden, och därmed reducera antalet förlossningar av makrosoma barn, vilket borde leda till minskad komplikationsrisk för både modern och barnet, och bidra till en god start i livet.

I Studie I, en populationsbaserad retrospektiv studie, undersöktes associationen mellan maternella faktorer och fostertillväxten i tredje trimestern. Graviditets- och förlossningsdata från 48 809 kvinnor som fött barn i fullgången tid (≥37 graviditetsveckor) mellan 1995 och utgången av 2009, hämtades från Perinatal Revision Syd (PRS), en perinatal databas för södra Sverige, och från en lokal obstetrisk datajournal (KIKA) hämtades information från ultraljudsundersökningar. Genom univariat och multivariat regressionsanalys och efter justering för gestationsåldern fann vi att ökande maternell BMI och längd samt förekomst av DM före graviditet hade en signifikant positiv influens på fostertillväxten, medan rökning hade en signifikant negativ inverkan. Moderns ålder, vilken uppvisade en inverterad U-formad association till fostertillväxten, hade en signifikant inverkan på tillväxten efter justering för gestationsåldern. Däremot sågs ingen signifikant association mellan paritet eller gestationsdiabetes och fostertillväxt i tredje trimestern. De maternella faktorerna förklarade 7 % av variansen på fostertillväxten. Något överraskande framkom att flickor hade en signifikant bättre tillväxt i tredje trimestern jämfört med pojkar.

I Studie II utvärderades i vilken utsträckning barn födda LGA i fullgången tid kan upptäckas vid en rutinmässig ultraljudsundersökning för fosterviktskattning i tredje trimestern (graviditetsvecka 32 – 34) med Persson och Weldners viktskattningsformel, och huruvida prediktionen kan förbättras om maternella variabler inkluderades till den med ultraljud estimerade fostervikten. Data från 56 792 oselekterade, fullgångna graviditeter med rutinultraljud i tredje trimestern, hämtades från PRS och KIKA, och prediktionen av LGA vid födelsen beräknades med Receiver Operating Characteristic (ROC) kurva. Samma dataset som i Studie I, (n=48 809), med komplett information angående maternella variabler, användes för utveckling av en prediktionsformel för beräkning av risk för LGA i fullgången graviditet. Datasetet delades i två grupper, en utvecklingsgrupp och en valideringsgrupp. Från utvecklingsgruppen framtogs de maternella variabler (BMI, längd, rökning, paritet, DM) vilka i multivariat logistisk regressionsanalys visade en sannolik association till LGA vid födelsen i fullgången tid (p<0.2). De odds ratios som erhölls i den multivariata analysen transformerades till likelihood ratios. Med Bayes teorem användes de framräknade likelihood ratios för att skatta den individuella risken att föda ett barn LGA för varje kvinna i valideringsgruppen. En ROC kurva togs fram för att illustrera modellens prediktionsvärde. ROC kurvan visade en god detektion med enbart fosterviktskattningen vid rutinultraljudet, arean under kurvan (AUC) 0.89 (0.89 – 0.90).  Detektionen blev signifikant förbättrad, om än svagt, då maternella variabler inkluderades (p<10-6), AUC 0.91 (0.90 – 0.92). Motsvarande AUC för enbart maternella variabler var 0.74 (0.73 – 0.76). 

Studie III var en prospektiv jämförande studie av 2D och 3D ultraljudsteknik i syfte att fostervikskatta i överburen graviditet. Gravida kvinnor (n=176) i överburen tid, ≥289 dagars graviditetslängd (Studie grupp), fick utfört storleksbedömning av fostret med 2D ultraljudsteknik och Persson och Weldners viktskattningsformel (1986) samt volymmätningar av fostrets lår med 3D ultraljudsteknik och två viktskattningsformler av Lee et al. (2004; 2006). Under studiens gång utökades volymmätningarna bland de sista 63 kvinnorna (Formel grupp), till att även omfatta volymer av fosterbuken, i syfte att utveckla en ny viktskattningsformel, innefattande både 2D och 3D ultraljudsteknik. I en ny grupp av gravida kvinnor, (Test grupp, n=50) jämfördes de fyra viktskattningsformlerna (Persson och Weldner, Lee et al. formler samt den nya 2D/3D formeln) med avseende på precision i fosterviktskattning ≤ 4 dagar före förlossningen. Resultaten visade att den 3D tekniken och tillhörande formler inte skattade fostervikten signifikant bättre än den 2D tekniken och Persson och Weldners formel gjorde, efter exklution av Lee et al. formel från 2004, vilken överskattade fostervikterna signifikant jämfört med övriga formler. Standardavvikelsen var lika för de tre återstående formlerna, 7.0 för Persson och Weldner och den nya formeln, respektive 7.1  med Lee et al. formel (2006). Ingen signifikant skillnad sågs beträffande de estimerade fostervikternas överensstämmelse med motsvarande födelsevikt inom ±5 % och ±10 %. En stor spridning av födelsevikterna (2 875 – 5 296 g) fanns och endast fem barn i Test gruppen föddes makrosoma. Då antalet deltagande gravida kvinnor var relativt litet och endast ett fåtal barn vägde >4 500 g, väcktes tankarna att jämföra den 2D och 3D ultraljudstekniken och formlerna, specifikt på foster skattade LGA i tredje trimestern.

I Studie IV, en prospektiv studie, jämfördes precisionen av att prediktera födelsevikten hos foster med födelsevikt >4 000 g och >4 500 g med 2D och 3D ultraljudsundersökning inom 7 dagar före förlossning. Fyra viktskattningsformler jämfördes – två formler med 2D ultraljudsteknik och två formler med 3D teknik med volymmätningar av fostrets lår, respektive lår och buk inkluderat. För den 2D ultraljudstekniken användes Persson och Weldners formel (1986) samt Hart et al. formel (2010) med moderns vikt vid första mödravårdsbesöket inkluderat. Med 3D ultraljudsteknik användes Lee et al. formel med lårbensvolym inkluderat (2009) samt Lindell & Maršál formel med lårbens- och bukvolymer inkluderat (2009), framtagen i Studie III. Singelgravida kvinnor (n=138) med misstänkt stort foster vid den rutinmässiga ultraljudsundersökningen i tredje trimestern, eller senare i graviditeten, fick 2D och 3D ultraljud utfört vid samma undersökningstillfälle. De kvinnor som födde inom 7 dagar efter ultraljudsundersökningen (n=114) inkluderades i studien och av dessa vägde 99 barn >4 000 g. Av de sistnämnda hade 30 nyfödda en födelsevikt >4 500 g. Resultatet visade att det absoluta procentuella felet var signifikant lägre med Lindell & Maršál formel jämfört med Lee et al. och Persson & Weldners formler. Ingen skillnad sågs dock mellan Lindell & Maršál 3D formel och Hart et al. 2D formel med moderns vikt inkluderad. För detektionen av de kliniskt mest kritiska födelsevikterna, >4 500 g, visade ROC kurvor, illustrerat i brytpunkter så som LR, att de 3D formlerna hade högre AUC jämfört med de 2D formlerna, men den enda signifikanta skillnaden fanns mellan Lindell & Maršál formel och Hart et al. formel (p=0.018). Något anmärkningsvärt, Hart et al. formel upptäckte inte antenatalt något av de barn som hade födelsevikt >4 500 g. Av de fyra formlerna visade Lindell & Maršál formel den högsta sensitiviteten och lägsta falskt positiva värdet för detektion av de makrosoma (>4 500 g) barnen. Vid en skattad fostervikt ≥4 300 g med Lindell & Maršál formel fanns den bästa och kliniskt mest acceptabla relationen mellan sensitivitet och falskt positivt värde, 93 % respektive 38 %.  

Sammanfattningsvis framkom det av resultaten att maternella variabler påverkade fostertillväxten i tredje trimestern, och att rutinmässigt ultraljud för fostertillväxt och storleksbedömning i tredje trimestern visade god förmåga att upptäcka barn födda LGA i fullgången tid. Detektionen förbättrades signifikant då maternella variabler inkluderades till den ultraljudsestimerade fostervikten i tredje trimestern och då riskberäkning för att föda ett LGA barn i fullgången tid, gjordes genom användande av en prediktionsmodell som byggde på Bayes teorem. 3D ultraljudsteknik med volymmätningar av fosterlår och -buk och med Lindell & Maršál formel, visade inte någon större precision i fosterviktskattning av foster i överburna graviditeter med stor spridning av fostervikterna. Däremot var 3D ultraljudstekniken överlägsen 2D tekniken i prediktion av barn med födelsevikt >4 500 g. 
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