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1.2 List of abbreviations (in alphabetic order) 
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IVF - in vitro fertilization 
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TWINBGS - twin "B" gestational sac 

TWINCGS - twin "C" gestational sac 
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TWINCYS - twin "C" yolk sac 
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YSV - yolk sac volumetry 



2. Introduction 

Since its introduction, ultrasonography has had a major impact on reproductive sciences. 

Continual improvements in transducers, signal processing, resolution and image display have 

increased the diagnostic abilities of sonographic technology. There is no doubt, that 2 

dimensional ultrasound usually provides accurately visualized images in both normal and 

pathologic cases, however, sometimes there are anatomic or other limits of proper visualization 

of the evaluated objects. The more complicated the anatomy and the structure to be evaluated the 

more difficult can be for the investigator to mentally construct a 3 dimensional image. In these 

cases there is a great probability of making mistakes and misinterpretating the image. Other 

disadvantages also must be considered. Moving targets may be difficult to evaluate property 

when the 3D image can be constructed only in the brain of the examiner based on the 2D 

sections. 

2.1. History of 3D sonographic technology 

Though 3D technology has gained widespread attention only in the last decade, the first 

description of 3D images obtained by using a stereoscopic device to view standard 2D pictures 

dates back to 1953 (Howry D.H. et al. 1953). Two decades later, Szilard et al. created 3D 

images by projecting a series of tomograms onto screens moving forward and backward (Szilard 

J. et al. 1974), while in 1975 isometric 3D viewing of sonograms was described by Coleman et al. 

(Coleman D.J. et al. 1975). Matsumoto et al. applied a computerized system in echocardiography 

to execute examinations in 3D in 1977 (Matsumoto M. et al. 1977), and Brinkley et al. reported 
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their observations on 3D images obtained by acquiring a series of arbitrary sector scans next year 

(Brinkley J.K. et al. 1978). 

The first two specialties that had started to apply the first generation of 3D machines 

were cardiology and obstetrics and gynecology. In these machines a special 3D locating system 

provided the 3D coordinates of the probe and the coordinates were used to develop length and 

volume variables of the region of interest (Brinkley J.K. et al. 1982, 1984; Fredfeldt K.E. et al. 

1984) or the investigators applied the rotation method for 3D reconstruction of 2D 

echocardiographic images (Ghosh A. et al. 1982). 

The first relevant clinical experience in mammography, orthopedics, ophthalmology, 

urology, maxillofacial surgery and internal medicine were reported in the early 90s (Sohn C. et al. 

1990; Grotepass J. et al. 1991; Jensen P.K. 1992; Richard W.D. et al. 1993; Hell B. et al. 1993; 

Zoller W.G. et al. 1993), while in the field of echocardiography the four-dimensional (real-time 

3D) ultrasound imaging technology has already appeared (Belohlavek M. et al. 1993). 

2.2. Obstetric application 

Although the reports from the 80s had been very promising it was not until the early 

1990s when 3D imaging gained widespread notoriety in the field of obstetrics and gynecology. 

Survey studies appeared in the literature from the most experienced investigators providing 

general and excessive overview on this revolutionary technology (Kratochwil A. 1992; Steiner H. 

et al. 1993; Sohn C. et al. 1993; Bonilla-Musoles F. et al. 1995; Preterms D.H. et Nelson T.R. 

1995; Merz E. et al. 1995, 1997; Baba K. et al. 1997; Lee W. 1996; Nelson T.R. et Pretorius 

D.H. 1998; Blaas H.G. et aL 2000; Maymon R. et al. 2000). 
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By using the 3D technique, clinicians can reliably follow embryonic and fetal development 

(Figures 1-3) (Blaas H.G. et al. 1998; Hata T. et al. 1998; Ulm M.R. et al 1999; Naylor C.S. and 

Piatt L.D. 1999). Since measurements can be executed more precisely being able to visualize the 

optimal sections of the organs (CRL, fetal limb volumetry etc.), gestational age and fetal weight 

determinations are more accurate when utilizing the 3D sonographic technology (Favre R. et al. 

1995; Lee W. et al. 1997; Hata T. et al. 1998; Schild R.L. et al. 1999). Evaluation of the 

amniotic fluid with 3D ultrasonography offers the opportunity to correctly quantify its volume 

(Grover J. et al. 1997). 

The use of 3D imaging to evaluate fetal anatomy has gained extensive attention (Lee A. 

et al. 1994; Merz E. 1995, 1998; Baba K. et al. 1999). Applying transvaginal 3D probes, early 

evaluation of fetal development in utero has led to earlier recognition of fetal malformations 

(Bonilla-Musoles F. et al. 1998; Maymon R. et al 1998; Babinszki A. et al. 1999; Blaas H.G. et 

al. 2000). Ongoing studies have shown promising results on the early diagnosis of aneuploidy 

markers (Bonilla-Musoles F. et al. 1998; Kuijak A. et al. 1999; Chung B.L. et al. 2000). 

Fetal anatomic landmarks readily can be identified using the 3D technique, thereby 

permitting appropriate diagnosis of abdominal abnormalities (Yoshizato T. et al. 1995; Matsumi 

H. et al. 1996; Khandelwal M. et al. 1999). Facial and cranial malformations can also be well 

defined (Pretorius D.H. and Nelson T.R. 1995; Devonald K.J. et al. 1995; Ulm M.R. et al. 1998; 

Raflferty P.G. et al. 1998; Hata T. et al. 2000; Pooh R.K. et al. 2000), as well as fetal skeletal 

abnormalities (Steiner H. et al. 1995; Ploeckinger-Ulm B. et al. 1996; Johnson D.D. et al 1997) 

and the genitalia of the fetus (Hata T. et al. 1998) (Figures 4-8). 
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Figure 1. A 7 - weeks pregnan-
cy visualized in the three ortho-
gonal planes and its 3D surface 
reconstructed picture. 

Figure 3. During the 13 - weeks 
screening fetuses can be evalua-
ted with 3D sonography very 
well. 

Figure 2. 18 - weeks fetus „thinking". 

Figure 4. Demonstration of the integrity 
of the fetal spine with 3D reconst-
ruction in the 20th week. 
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Figure 5. 3D surface rendering 
provides additional information 
about the structure of the fetal 
face. 
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Figure 6. Abnormalities of the central nervous 
system can be well demonstrated already in 
the first trimester (exencephaly at 13 weeks). I 
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Figure 7. Malformations such as 
spina bifida can be accurately 
evaluated with 3D ultrasound. 
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Figure 8. Fetal gender can be visualized very 
spectacularly with 3D sonograpy. 
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Because the anatomy of the fetal heart is complex and it is in constant motion, its 

sonographic evaluation can be difficult. However, 3D ultrasound provides the ability to property 

orient the heart into a standard position (Nelson T.R. et al. 1996; Zosmer N. et al. 1996; Nelson 

T.R. 1998; Deng J. et al. 2000). Though motion makes fetal cardiac 3D sonography technically 

difficult, the introduction of a four-dimensional display improved cardiac evaluation (Deng J. et 

al. 1996; Sklansky M.S. et al. 1999). With the use of 3D color-flow Doppler and power Doppler 

detailed images can be obtained on fetal and intraplacental blood flow and vessel distribution 

assisting in the diagnosis of both morphologic and functional abnormalities (Jackson M.R. et al. 

1995; Pretorius D.H. et al. 1998; Hull A.D. et al. 1999; Su YN. et al. 1999; Kuijak A. et al. 

1999). 

2.3. Gynecologic indications 

3D imaging has proven to be a valuable tool in terms of diagnosing congenital and 

acquired gynecologic abnormalities. 3D sonography has been reported to be highly accurate in 

diagnosing mvillerian anomalies (Raga F. et al. 1996; Wu M.H. et al. 1997; Jurkovic D. et al. 

1997) especially in differentiating between bicornuate and septate uteri without using other 

diagnostic methods (Jurkovic D. et al. 1995) (Figure 9). It was also shown that 3D technology is 

more precise in localizing and measuring uterine fibroids (Lehrman B.J.et al. 1990; Balen F.G. et 

al. 1993) and in assessing the abnormalities of the uterine cavity (Ayida G. et al. 1996; Weinraub 

Z. et al. 1996; Lee A. et al. 1997). 

Furthermore, 3D ultrasound has been shown to provide valuable information about non-

malignant ovarian abnormalities such as polycystic ovarian syndrome (Tulandi T. et al. 1997; Wu 

M.H. et al. 1998; Kyei-Mensah A.A. et al. 1998; Dolz M. et al. 1999) and it was described as a 
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Figure 9. Septated uterus can be 
diagnosed unambiguously with 3D 
ultrasound because both the inner and 
the outer contour of the uterus can be 
visualized properly at the same time. 

Figure 11. ... and malignant ovarian 
masses. 

Figure 12. The most optimal treatment of 
cervical cancer patients can be determined 
after evaluating the tumor with 3D 
sonography and power Doppler. 

Figure 10. 3D ultrasound and 3D power Doppler 
seem to be effective tools in the 
differentiation of benign ... 
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useful tool in monitoring endometrial and ovarian cycles in IVF patients (Pellicer A. et al. 1998; 

Feichtinger W. 1998; Raga F. et aL 1999; Radoncic E. et Funduc-Kurjak B. 2000). 

2.4.3D sonography in gynecologic oncology 

3D ultrasound offers more valuable information about the neoplastic nature of 

gynecologic cancers than the 2D technique. It provides more accurate details about the size, wall 

structure and internal characteristics of ovarian neoplasms assisting investigators to predict 

benign versus malignant disease (Bonilla-Musoles F. et al. 1995; Hata T. et al. 1999) (Figures 10-

11). The high diagnostic accuracy of 3D sonography for detection of endometrial and cervical 

malignancies (Figure 12) has also been described (Gruboeck K. et al. 1996; Bonilla-Musoles F. et 

aL 1997; Chou C.Y. et al. 1997). 3D technique has been applied to evaluate tumor vascularity 

and neoangiogenesis as well. 3D power Doppler was found to be a valuable tool in visualizing 

intratumoral blood-flow, thereby further improving the ability of investigators to detect various 

gynecologic tumors (Kuijak A. et al. 1998; Kurjak A. and Kupesic S. 1999; Fleischer A.C. et al. 

1999; Kupesic S. and Kuijak A. 2000) (Figures 10-12). 

2.5. The 3D technique 

3D data are acquired as a large series of consecutive 2D tomograms through sonographic 

probe movement and the data sets are then reconstructed to generate a 3D image. This process 

requires special equipment (built-in computer) and special transducers. There are position-

sensing mechanical, electromagnetic and acoustic techniques to detect the orientation of the 

probe. Nowadays, the most commonly used 3D ultrasonic probes have a built-in convex or sector 
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transducer with an internal motor that automatically sweeps it through the volume directly 

underneath the stationery probe. 

The examination itself begins with a conventional 2D scan. A 3D volume is acquired after 

selecting the region of interest by superimposing a volume box to the 2D image. The scanning 

process lasts between 2-10 seconds depending on the size of the volume box. All echoes received 

during the volume scan are processed, converted to digital signals and stored in a volume 

memory. A 2D image such as a tomogram is expressed by a set of picture elements called 

"pixels" (a point or minute square). However, 3D data are expressed by a set of volume elements 

with brightness that are called "voxels" (point or minute cube). In 3D data set construction the 

brightness of each voxel is determined from that of pixels in tomograms. This process involves 

not only rearrangement of data but interpolation, filtering and the deletion of non-usable data. 

For transabdominal scanning 4-8 MHz probes are used in which the transducer swing in a 

fan-like manner through a 45-90° angle, while for transvaginal imaging 5-9 MHz probes are 

applied containing a rotating transducer sweeping through a 55-80° angle. The scan sector is 

swept in a direction perpendicular to the B-mode image plane. The scanned volume has the shape 

of a truncated pyramid. 

After the acquisition procedure, three perpendicular planes are displayed simultaneously 

on the screen: the frontal, sagittal aid horizontal sections of the region of interest (Figures 7,9). 

By manipulating three rotation controls, all the image planes can unlimitedly be rotated and 

translated up to 360° providing sections with great accuracy. The option of systematic evaluation 

of the acquired volume allows the examiner to perform ultrasonic tomography. 
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2.6.3D reconstruction 

Different volume rendering modes are available in 3D ultrasonography. In case of surface 

reconstruction a surface image can be produced by defining a threshold up to which echogenicity 

of the tissue should be taken for reconstruction. This modality can be applied in prenatal 

diagnostics with high efficacy using the amniotic fluid as a good physiological threshold (Figures 

1-5). However, this method displays only the surface not the information inside the object. 3D 

rendering of interior anatomical structures is possible by using the transparent imaging mode 

(Figure 4). Objects consisting of parts with different echogenicity can be displayed in maximum 

and minimum transparency modes as well as in X-ray mode. Moreover, the combination of the 

two of these rendering modalities is also possible to a selectable extent (Figure 9). The process of 

3D rendering usually takes only a few seconds. 

The acquired volumes and the reconstructed 3D images as well as the 4 dimensional 

(real-time) sequences can be digitally stored on magneto-optical, optical disks or into the 

computer of the 3D machine itself without any loss of information or resolution. The stored 

information can entirely be retrieved, viewed and assessed at a later time. 

2.7.3D volumetry 

Volume measurements when applying 2D ultrasound can be both time-consuming and 

imprecise. Geometric measurements such as distance, area and volume however, can often be 

carried out more reliably by using the 3D technology, or the accuracy of these measurements 

might be improved when the fetus or the organ of interest is lying in an inaccessible position. 3D 

ultrasound is particularly useful for measuring dimensions of irregularly shaped organs and 

curved surfaces (gestational sac, amniotic fluid pocket, placenta, tumors etc.). Another important 

15 



advantage of this technique is the ability to perform direct (true) volumetric measurements rather 

than estimation of the volume from a simple geometric model (Figures 13-14). 

In the latest 3D machines, the possibility of making automated measurements on 3D data 

is an interesting option. Nevertheless, there is the risk that artifacts may affect the accuracy of the 

measurement. In semi-automated measurements, the operator defines the type and the location of 

the object then the program can determine the quantity to be measured with respect to the 3D 

image data. 

2.8. Study background 

Understanding the normal development of early pregnancy and observing this process 

ultrasonographically has allowed us to effectively monitor first trimester pregnancy, and 

recognize early signs of abnormal outcome. Crown-rump length has been found the most 

accurate method to determine gestational age in the first trimester (Robinson HP. 1975; 

Robinson H.P. et al. 1975; Hadlock F.P. et al. 1992), and in some cases, to predict abnormal 

outcome as well (Mantoni M. et al. 1982; Nazari A. et al. 1991; Cunningham D.S. et al. 1995). 

In addition, the size (diameter) of embryonic structures such as gestational sac and yolk sac was 

also found to have a good prognostic value for adverse outcome (Ferrazzi E. et al. 1988; Nazari 

A. et al. 1991; Lindsay D.J. et al. 1992; Cunningham D.S. et al. 1995; Stampone C. et al. 1996). 

The introduction of more advanced sonographic equipment (probes with higher 

frequency, higher resolution, new computer techniques, etc.) raised demand for the réévaluation 

of data to improve accuracy in predicting GA and pregnancy outcome (Hadlock F.P. et al. 1992; 

Jurkovic D. et al. 1995). In addition, some authors suggested the creation of nomograms based 
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on the time of the ovulation instead of the last menstrual period to avoid discrepancies in cases in 

which ovulation did not occur on day 14 (MacGregor S.N. et al. 1987; Evans J. et al. 1991). 

During the past decade the evaluation of the potentials of applying 3D ultrasonography in 

the first trimester has begun. The results are quite promising in terms of defining the advantages 

3D ultrasound versus the 2D technique in the observation of delicate embryonic details (Steiner 

H. et al. 1994; Merz E. et al. 1995; Bonilla-Musoles F. et al. 1995; Hata T. et al. 1998). 

Nevertheless, the only study, which executed 3D volumetric measurements of the embryonic 

gestational sac to evaluate its predictive role for pregnancy outcome was the work of Steiner and 

colleagues (Steiner H. et al 1994). They hypothesized, that since the amniotic fluid in the first 

trimester (which is the major component of GS volume) is an ultrafiltrate of the maternal plasma, 

its amount would reflect the function of the early uteroplacental unit. The other studies that 

involved the examination of first-trimester pregnancies with 3D sonography concentrated only on 

general aspects and observations of embryonic development. 

In the measurement of the embryonic structures, since both the patient anatomy and the 

interrogating ultrasound beam are three dimensional, it seems logical to perform all 

measurements using the 3D technology. Applying 3D scans, gestational and yolk sac volumes 

can be measured directly rather than using a mathematical formula to calculate volume from 

linear (2D) dimensions. 
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3. Study objectives 

3.1. Study on singleton pregnancies 

I. It was proposed that by calculating the volumes of GS and YS in the first 

trimester in singleton pregnancies using 3D transvaginal sonography, the nomograms of their 

normal developments could be created (together with CRL). 

II. This study aimed as well to determine the type of correlation between the 

measured variables and GA. 

HI. The study' further goal was to investigate whether these growth curves can be 

used as the basis of predicting adverse reproductive outcome and to find the best predictor for 

adverse outcome that can be used in routine diagnostics. 

3.2. Study on multiple pregnancies 

I. The first aim of this study was to determine whether the GS and YS (and CRL) 

volumetric graphs established in normal singleton pregnancies could be applied to twins and 

triplets as well. 

n . It was also the study's aim to evaluate the predictive values of these 

measurements for first trimester abortion in case of twin and triplet pregnancies. 
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4. Materials and Methods 

4.1. Patients 

94 examinations were performed in this prospective study in case of singleton pregnancies 

with normal and 14 with abnormal outcome (first trimester abortion, blighted ovum). 44 GS and 

36 YS volumetric measurements (obtained from 18 pregnancies) were performed in twins with 

normal outcome, and 16 and 11 with abnormal outcome (obtained from 7 pregnancies) 

respectively. 18 measurements could be carried out in normal triplets (obtained from 5 

pregnancies), while no abnormal cases were found so far in this group. All patients were treated 

for infertility and had known dates of ovulation. 

4.2.3D scanning and applied methods of volumetiy 

3D scans were performed with a Voluson 530D (Medison, USA) ultrasound machine 

using a Voluson Endocavity transducer S-VDW 5-8 (Kretztechnik AG, Austria). 

The transvaginal sonographic examination in each case began with the evaluation of the 

pelvis and the pregnancy in 2D mode. After switching into 3D volume-mode, the region of 

interest was defined with the movable sector on the screen and the volume was acquired. 

Seconds after the acquisition, the scanned region was displayed on the screen in three orthogonal 

planes (frontal, sagittal, horizontal), and it was checked if the volume contains the whole 

pregnancy. The infonnation was stored on 540 MB removable hard disc for subsequent analysis 

and calculation. 

To calculate GS volumes the "contour" method was used. Starting from the inner margin 

of the GS the contour was outlined in the measurement plane using a roller-ball calibrator. The 

contours were serially selected by viewing the cursor in another fixed plane moving from pole to 
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pole in the GS (Figure 13). 7-15 contours were selected depending on the size of the sac. The 

volume was calculated from these data by the in-built computer immediately. 

Figure 13. Application of the contour method to calculate GS volumes. 

Volumetry of the YS was performed using the "3 diameter" method measuring the 3 diameters 

of the YS in the 3 displayed orthogonal planes (Figure 14). 

Figure 14. Application of the "3 diameter method" in calculating YS volumes. 

20 



Each calculation of the GS and the YS volume was repeated 3 times changing the 

displayed planes on the monitor between calculations in order to reduce errors, and the mean of 

the 3 measurements was calculated and used afterwards. CRL was also measured 3 times in 

different planes when it could be visualized and the calculated mean value was taken into 

consideration. The examiner (A. Babinszki), who performed all calculations, was blinded to 

obstetrical outcome. 

4.3. Data analysis 

GS and YS volumes (and CRL measurements) were plotted against gestational age (25-

65 days post ovulation) to create nomograms for normal outcome. To investigate whether the 

growth-curves created for singletons can be applied in multiple gestation GS and YS volumes of 

the twin pregnancies were fitted in the graphs of their singleton counterparts. Measurements of 

the pregnancies with abnormal outcome were compared with the values of the normal curves in 

singleton and multiple pregnancies as well. 

4.4. Statistical analysis 

Statistical analysis was performed using SPSS for Windows (Version 8.0) applying the 

chi-square, the Student-t and the Breslow-Day (twin study) tests. P values <0.05 were accepted 

as indicating statistical significance. Non-linear regression analysis was used to create growth-

curves for normal values (GS, YS, CRL). Specificity, sensitivity, positive and negative predictive 

values of GS volumes and CRL measurements in singletons as well as in twins were calculated 

and compared. 
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5. Results 

5.1 Study on singleton pregnancies 

A total of 94 values of GS volume were obtained in singleton pregnancies with normal 

outcome between the 16-65,h days post ovulation. Because of practical reasons only the data 

from day 25 were used for the regression analysis leaving 73 values to apply. 

The mean and "2SD" limits derived from these GS volume measurements by means of a 

non-linear regression analysis were designed to obtain the best fitting curve. This analysis 

revealed a power-correlation between GS volumes and GA. Out of the 14 values (obtained from 

12 pregnancies) of GS volume with abnormal outcome only 12 (obtained from 11 pregnancies) 

fell in the 25-65 days post ovulation range. 

These remaining measurements were fitted in the nomogram (Figure 15), and 8 of 12 fell 

beneath the intervals of the curve (two values on day 25 were very close so their marks on the 

80 GS (mm3) . 
1 y - 8g-08*3"2* / 

R 2 - 0 ,685 

25 35 4 5 5 5 65 75 85 
Gestational age (days post ovulation) 

Volumes that are situated close to the zero line and/or coincide with each other are presented numerically as well 
under the nomograms in brackets and their position in the range is also described. (Day 25: 0.468 and 0.513 - in 
range; Day 27: 0.271 - out of range; Day 30: 0.266 - out of range and 1.394 - in range). 

Figure 15. GS volumes of singleton pregnancies with unfavorable outcome. 
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graph coincide with each other). The prognostic value of GS volumetry for abnormal outcome 

was found to be statistically significant (p<0.05) and Odds ratio was 4.3 using 95% confidence 

interval (95% CI: 1.18-15.91). 

Non-linear regression analysis (using 73 measurements) revealed a logarithmic correlation 

between YS volumes and GA in cases with normal outcome. 8 measurements of YS volumes 

with abnormal outcome could be obtained. In 3 cases with abnormal outcome (4 missing 

measurements compared to the number of GS measurements), because of the shape and/or 

location of the YS, volumetry could not be executed. Of the 8 values only 4 fell out of the normal 

range (Figure 16.; the marks of two cases with similar values on day 25 coincide with each other 

on the graph). The prognostic value of this method was statistically not significant (p=0.07). 

Odds ratio was 3.7 (95% CI: 0.83-16.71). 

0.12 -j YS (mm3) 

y = 0,0293Ln(x) - 0,0897 
RJ = 0,6799 A 

0,1 

0,08 A Abnormal 

0,06 -

0,0 

0,0 

25 30 35 40 45 50 55 
Gestational age (days post ovulation) 

(Day 25: 0 .002 and 0 .0037 - out of range) 

Figure 16. YS volumes of singleton pregnancies with unfavorable outcome. 
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A curve for normal CRL growth was also established, using 66 values, to facilitate 

comparison between the different methods. A logarithmic correlation was found with GA, and 

predictive value for adverse pregnancy outcome was calculated. 8 cases with first trimester 

abortion were applied (Figure 17), and statistically significant predictive value was found for 

CRL (p<0.05). Odds ratio was 5.4 (95% CI: 1.16-25.19). 

2 0 2 5 3 0 35 4 0 4 5 5 0 5 5 6 0 
Gestational age (days post ovulation) 

Figure 17. CRL measurements of singleton pregnancies with unfavorable outcome. 

CRL ( m m ) 

y = 37,88Ln(x) - 122 ,03 
R 2 = 0 ,8148 

¡ • Abnormal 

Non-linear regression analysis showed a good diagnostic correlation between GS volumes 

and CRL, because only one case fell outside the intervals of "2SD" of the mean, and R2=0.79 

(Figure 18). 
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Figure 18. Correlation between GS volumes and CRL measurements. 

Using another method to evaluate and compare the prognostic value of GS, YS 

volumetry and CRL measurement, the data with abnormal outcome were paired with the normal 

values on the basis of gestational age and the means of these values in each group were 

calculated and compared. Naturally, only those values could be used in this comparison, which 

had their matching pairs in terms of the GA. GS volumes and CRL were found to have 

statistically significant prognostic value for first trimester abortion by this method (Table I.). 

Outcome Case # Mean±SD (mm3) P 

CRL Non-aborters 20 15.9±7.2 <0.05 

Aborters 8 6.6±2.9 

GS Non-aborters 32 6.2±8.1 <0.05 

Aborters 14 2.1±2.7 

YS Non-aborters 26 0.014±0.009 NS 

Aborters 8 0.038±0.069 

Table I. Values with abnormal and normal outcome matched on the basis of GA in the three groups. 
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Similar specificity, sensitivity, positive and negative predictive values of GS volumetry and 

CRL measurements were found regarding pregnancy outcome. However, when the results of the 

two methods correlated with each other, specificity and positive predictive value could be 

improved (Table II.). 

Sensitivity Specificity PPV NPV 

GS volumetry 67% 68% 26% 93% 

CRL 62% 74% 23% 94% 

GS+CRL 60% 88% 43% 94% 

Table n . Prognostic value of GS volumetry and CRL measurements. GSV+CRL is analyzed when 
predicting similar outcome. 

Mean YS/GS ratios were also calculated in both the normal and the abnormal groups to 

facilitate comparison. The mean YS/GS ratio (0.017 mm3/l 1.432 mm3) was 0.0015 in case of 

normal and 0.0042 in case of abnormal outcome (0.012 mm3/2.855 mm3) and the difference was 

statistically significant (p<0.05). 
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5.2 Study on multiple pregnancies 

Statistical calculations were carried out to determine if there were any significant 

differences between the GS and YS volumes measured in singleton and multiple pregnancies. 

These analyses, using the Breslow-Day test to compare the homogeneity of Odds ratios in normal 

singletons and twins, showed no significant difference between the two groups (p=0.095) in case 

of GS volumetry (Figure 19). On the basis of these results it was concluded that the nomogram 

of normal singletons' GS volumetry could be applied in twins as well. 

Gestational age (days post ovulation) 

Because of coinciding values (on days 25, 26, 28), not all marks can be visualized individually on the graph. 

Figure 19. GS volumes of twin pregnancies with favorable outcome. 

Similar comparison of singleton and twin pregnancies with normal outcome was carried 

out in case of YS volumetry (Figure 20). Statistical analysis revealed no significant difference 
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between the groups (p=l .3) suggesting that the graph of YS volumetry created for singletons can 

be used in case of twins. 

Gestational age (days post ovulation) 

Because of coinciding values (on days 25, 28, 39), not all marks can be visualized individually on the graph. 

Figure 20. YS volumes of twin pregnancies with favorable outcome. 

Determination of the predictive value of GS volumetry in twins was carried out by fitting 

GS volumes of twins with abnormal outcome in the "basic" GS volume graph (singletons with 

normal outcome) (Figure 21). 12 of the 16 values fell outside the range of the curve. Statistical 

analysis showed the prognostic value of GS volumetry for first trimester abortion statistically 

significant (p=0.005). 
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G e s t a t i o n a l a g e ( d a y s p o s t o v u l a t i o n ) 

(Day 27: 2.118 and 0.341 - out of range; Day 33: 0.079 and 0.025 - out of range; Day 37: 0.094 and 0 . 0 3 6 - o u t 
of range; Day 45: 0.291 and 0.114 - out of range; Day 46: 2.074 and 2.383 - out of range) • TWINAGS; A TWINBGS 

Figure 21. GS volumes of twin pregnancies with unfavorable outcome. 

This kind of evaluation was performed in case of YS volumetry as well (Figure 22). Only 

4 of the 11 YS volumes with abnormal outcome fell outside the range of the graph and no 

statistically significant prognostic value of this method was revealed (p=0.974). 

Gestational age (days post ovulation) 

Figure 22. YS volumes of twin pregnancies with unfavorable outcome. 
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Specificity, sensitivity, positive and negative predictive values of GS volumetry in 

singletons as well as in twins were also calculated and are presented in Table III. 

Sensitivity Specificity PPV NPV 

GSV singleton 67% 68% 26% 93% 

GSV twin 75% 66% 44% 88% 

Table III. Comparison of the prognostic value of GS volumetry in singleton and twin pregnancies. 

There were no cases with abnormal outcome in case of triplets, so statistical analysis 

could not be performed to evaluate whether the graphs of singletons in GS and YS volumetry 

could be used in this group. Nevertheless, the GS and YS values of triplets were fitted in the 

basic graphs (Figures 23-24) to be able to observe the difference if any. In case of GS volumetry 

(Figure 23) 12 of the 18 values foil outside the range of the graph (9 above, 3 below) suggesting 

a substantial difference between the normal GS volumes of singletons and triplets. 

30 
/ -r' 

h > 



• T W I N A G S 
A T W I N B G S 
• T W I N C G S 

4 0 

Contrary to this, in case of YS volumetry (Figure 24) only 5 of the 17 values fell outside 

the curve (4 above, 1 below) suggesting no substantial difference between YS volumes of 

singletons and triplets. 

(Day 25: 0.926, 0.765 - in range and 0.572 - out of range; Day 26: 0.387, 0.323 - out of range and 0.731 - in 
range; Day 28: 3.767, 3.712, 2 .592 - out of range; Day 40: 22 .630 ,22 .740 , 15.780 - out of range) 

Figure 23. GS volumes of triplet pregnancies with favorable outcome. 

4 5 5 5 6 5 

Gestat ional age (days post ovulat ion) 

0.08 -| Y S <mrn3> 
1 y = 0 .0293Ln(x) - 0 . 0 8 9 7 

GestaUonal age (days post ovulation) 

(Day 25: 0.016, 0.010, 0.011 - out of range) 

Figure 24. YS volumes of triplet pregnancies with favorable outcome. 
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6. Discussion 

6.1. The "singleton study" 

First trimester sonographic evaluation of the pregnancy provides important information 

about embryonic viability, and accurately predicts the gestational age. Observation of normally 

developing pregnancies has allowed the examiners to predict abnormal outcome. Detailed 

descriptions of embryonic structures are available for the traditional 2D and even the more 

recently introduced 3D ultrasound technique. Normal growth curves for CRL, GS and YS were 

established as early as the first years of the 70s using 2D ultrasound (Robinson H.P. et al. 1975; 

Robinson H. 1975) although, modifications of these nomograms were carried out simultaneously 

with the improvement of sonographic technology (Rossavik I.K. et al. 1988; Goldstein I. et al. 

1991; Hadlock F.P. et al. 1992; Jurkovic D. et al. 1995). GS diameter, CRL and the 

measurement of YS were found to be sensitive predictors for abnormal outcome in the first 

trimester in numerous studies (Mantoni M. et al. 1982; Ferrazzi E. et al. 1988; Nazari A. et al. 

1991; Lindsay D.J. et al. 1992; Cunningham D.S. et al. 1995; Stampone C. et al. 1996). 

Nevertheless, a few authors observed that YS size had no prognostic value for embryonic demise 

and pregnancy outcome ( Reece E.A. et al. 1988; Jauniaux E. et al. 1991). 

Robinson created the first graph for GS volume-growth (Robinson H.P. 1975) 

performing the measurements with a 2D ultrasound machine and using mathematical formula to 

calculate volumes. They found exponential correlation between GS volumes and GA until 10 

weeks that became a more linear correlation during the 11th-13th weeks of pregnancy. The first 

and only volumetric evaluation of first trimester pregnancy using 3D ultrasound so far is a small 

pilot study by Steiner et al. (Steiner H. et al. 1994). They applied transabdominal 3D sonography 

and described a linear correlation between GS volumes and GA using 31 measurements. They 
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found, that 3/5 cases of missed abortion and blighted ovum had a GS volume < ±2SD of the 

mean. Positive predictive value was 100% and negative predictive value was 97% in that study. 

I. In this present study it was proposed that by calculating the volumes of GS and YS in 

the first trimester in singleton pregnancies using 3D transvaginal sonography, the nomograms of 

their normal developments could be created (together with CRL). First trimester growth-

curves of GS and YS volumes were determined in this prospective study by using 73 values. 

The predictive values of these variables for pregnancy outcome were compared with that of CRL 

as well. 

n . Besides, this study aimed to determine the type of correlation between the measured 

variables and the gestational age. Power correlation was observed between GS volumes and 

GA (calculated from the time of ovulation), and logarithmic correlation when YS volumes 

were plotted against GA. The relationship between GS diameter and GA as well as CRL and 

GA was found to be linear by 2D ultrasound in the literature and curvilinear in case of YS 

diameter and GA (Robinson H.P. et al. 1975; Rossavik I.K. et aL 1988; Reece E.A. et al. 1988; 

Goldstein L et al. 1991). The graph of CRL and GA showed a logarithmic correlation in the 

present stndy. 

El. The study' further aim was to investigate whether these growth-curves can be used as 

the basis of predicting adverse reproductive outcome and to find the best predictor for adverse 

outcome that can be applied in routine diagnostics. Using the created nomograms, GS volume 

and CRL proved to have good negative predictive values for first trimester abortion, while 

YS volumetry did not appear to be a reliable predictor in our study. In addition, when cases 

with abnormal outcome were paired with normals on the basis of GA and the mean values 

of aborters and non-aborters were compared in the 3 groups, similar results were 
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observed. It is difficult to determine, whether YS volume (in case of normal appearing YS) being 

a non-informative predictor is due to the small case-number with adverse outcome. 

The diagnostic value of GS volumetiy and CRL measurements were found to be 

similar when they were compared by non-linear regression analysis as well as by 

calculating sensitivity, specificity, positive and negative predictive values. It was observed 

that combinatoiy application of the two methods improves specificity and positive 

predictive value in case they predict similar outcome. In case GS volume and CRL 

measurements are contradictory, close follow up can be suggested to find out if the pregnancy is 

endangered. Nevertheless, positive and negative predictive values were found to be lower than in 

the study by Steiner et al. (Steiner H. et al. 1994). When the mean YS/GS ratios were 

calculated in both groups, the prognostic value of this ratio was found to be a reliable 

variable since it was statistically significantly higher in the abnormal group. 

6.2. The "multiple gestation study" 

The proportion of multiple gestations has been increasing during the past decade with the 

introduction of more and more advanced assisted reproductive technologies. It is well established 

that multifotal pregnancies carry increased risk for antepartum complications beginning with the 

higher risk of first trimester abortion. Moreover, high proportions of these pregnancies are 

preceded by a long period of infertility and struggle for conception or against miscarriage. 

Maternal age also often becomes an additional risk factor in these cases by the time a pregnancy 

is realized. That is why it is so important to be able to accurately evaluate the pregnancy in the 

first trimester, and to notice the early signs of embryonic and fetal jeopardy in multiple 

pregnancies. 
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By applying the 3D sonographic technique, the whole first-trimester pregnancy can be 

acquired in one volume and multiplanar examination can be executed (Steiner H. et al 1994; Hata 

T. et al. 1998). Volume and distance can be measured with high accuracy and reproducibility 

(Kyei-Mensah A. et al. 1996). Nevertheless, there can be found only a few 3D sonographic 

studies on multifetal pregnancy (Hata T. et al. 1998; Maymon R. et al. 1998; Babinszki A. et al. 

1999). Hata et al. (Hata T. et al. 1998) examined 13 twin pregnancies using a transabdominal 3D 

transducer between the 9-36th weeks of gestation to evaluate the intrauterine interhuman contacts 

and the crowding of twins and triplets (1 of the 13 cases). Maymon et al. ( Maymon R. et al. 

1998) diagnosed conjoined twins at 10 weeks with transvaginal 3D sonography, which could not 

be realized by using the 2D technology. Babinszki et al. (Babinszki A. et al. 1999) however, ruled 

out conjoined twinning on the 6th week of pregnancy using transvaginal 3D ultrasonography as 

well. 

There are only a few studies on investigating the predictivity of different methods for 

pregnancy outcome in the first trimester (Saade GR. et al. 1998, Johnson MR. et al. 1993). The 

prognostic value of CRL measurements was examined by Saade and co-workers in high order 

pregnancies (3 or more fetuses). They found no significant difference in terms of mean CRL 

values between the groups. In the study of Johnson et al. the role of trophoblast dysfunction in 

miscarriage was examined by determining hormone levels and GS volumes. Volume calculations 

were carried out using 2D sonographic measurements and mathematical formulae. They found 

that CRL measurements and GS volumes were reduced in case of first trimester abortions, while 

the variables remained in the normal range in case of 2nd trimester abortions. Hormone levels 

were reduced in both cases. 
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I. The first goal of this study was to determine whether the GS and YS volumetric graphs 

established m normal singleton pregnancies could be applied to twins and triplets as well. Both 

GS and YS growth-diagrams of normal singleton pregnancies were found to be applicable 

in twin pregnancies. Although no statistical analysis could be performed in triplets because of 

the lack of cases with abnormal outcome in that group, on the basis of the ratios it seems that GS 

volumes of triplets are larger than that of singletons. This observation suggests that a specific 

graph should be determined and used to predict embryonic demise in triplets. Nevertheless, 

the nomogram of YS volumetry established in singletons seems to be applicable in triplet 

pregnancies. 

II. It was also the study's aim to evaluate the predictive values of GS and YS volume 

measurements for first trimester abortion in multiple gestations using 3D transvaginal sonography 

and to find an accurate method to determine embryonic status in these pregnancies. Based on the 

results of the statistical analysis, GS volumetiy itself proved to be a statistically significant 

predictor for first trimester abortion however, YS volumetiy did not have statistically 

significant predictive value just like it occurred in the study on singletons. 

GSV was found to have around 70% sensitivity and specificity to predict abnormal 

pregnancy outcome in the first trimester in singletons and in twins as well. Positive predictive 

values of GS volumetry were better in twins, while negative predictive values of these 

measurements were found to be better in singletons. 
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7. Summary 

7.1. The 3D technology 

During the execution of these studies several advantages of 3D ultrasound over the 2D 

technology were realized. Visualization of the desired image in three rather than two spatial 

planes allows greater flexibility in evaluating the region of interest because the examiner can 

move back and forth through different planes as well as rotate these planes with 360°. The third 

plane, which cannot be displayed by the conventional ultrasound, can also be demonstrated. 

These additional views provide more accurate information regarding normal anatomy and 

pathologic features. More precise, direct volumetric measurements can be done in three 

dimensions. 

Since volumes can be acquired in seconds and stored either into the machine or on 

computer diskettes, the patient examination time is significantly reduced. The stored volumes and 

images can be entirety viewed, assessed and consulted at a later time. Time-consuming 

evaluations and measurements can be performed without the presence of the patient. 3D imaging 

also offers the patients an improved visual perspective on their pregnancy's condition. The 

clinician thus is better equipped to counsel the women about the findings and is able to provide 

them with a better understanding of their problems. These features seemed to facilitate the 

doctor-patient relationship. 

7.2.3D volumetry of the gestational and the yolk sac 

Growth curves of GS and YS volumes and that of CRL were determined in the first 

trimester using transvaginal 3D ultrasound in case of singleton pregnancies. These nomograms 

were found to be applicable for twin pregnancies but did not seem to be useful in case of triplets. 
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It was concluded that GS volumetry is a good predictor for embryonic jeopardy and can be a 

good supplement to CRL measurements in the first trimester in case of singletons and possibly in 

twin pregnancies as well. These results suggest that 3 dimensional volumetric measurements 

enable us an early and accurate prediction of first trimester pregnancy loss. 
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