Donald School Journal of Ultrasound in Obstetrics and Gynecology, April-June 2007;1(2):80-88

Application of 3D Ultrasound in Gynecology

Kazunori Baba

Correspondence: Center for Maternal, Fetal and Neonatal Medicine, Saitama Medical Center
Saitama Medical School, 1981 Kamoda, Kawagoe, Saitama 350-8558, Japan

E-mail: baba-tokyo@umin.ac.jp

UTERUS

Two-dimensional transvaginal ultrasound can demonstrate
sagittal and transverse sections of the uterus clearly. However
it can hardly depict acoronal section of the uteruswhich isthe
best section to show abnormalities of the uterine cavity. Three-
dimensional ultrasound can depict any arbitrary section
including acoronal section of theuteruseasily (Fig. 1). However,
the whole uterine cavity (the endometrium) is hardly depicted
by a single coronal section when the uterine cavity is curved
toomuch (Fig. 2).

Three-dimensional images can depict the whole uterine
cavity even in such cases. Furthermore, the contrast between
the endometrium and the myometriumishigher on a3D image
than on a sectional image (Fig. 3). A 3D image of the uterine
cavity by maximum intensity projection (maximum mode) is
obtained by simply setting ROI (region of interest) to surround
the endometrium when it is hyperechoic in the secretory phase
(Fig. 4). A 3D image of the uterine cavity by surface mode is
obtained by setting ROI along the endometrium (Fig. 5). Volume
imaging (quasi-thick-slice-width imaging or volume contrast
imaging) is also applicable for depicting acoronal view of the
uterus (Fig. 6) when the uterine cavity is not curved too much.
Figure 7 showsthedifference of 3D imageswith different modes.

A coronal view of the uterusby 3D ultrasound demonstrates
various congenital uterine abnormalities luminously (Fig. 8).
Conventional transvaginal 2D ultrasound can hardly depict the

Fig. 1: Three-dimensional transvaginal ultrasound can depict a
coronal section of the uterus

Fig. 2: A single coronal section of the uterus cannot demonstrate the
whole uterine cavity (the endometrium) when the uterine cavity curved
too much. (Upper) A sagittal section of the uterus. (Lower) A coronal
section of the uterus

Fig. 3: Higher contrast is obtained by using
3D data than by using only one sectional data
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Fig. 4: A coronal view of the uterus by
maximum mode (Lower right)

Fig. 5: A coronal view of the uterus by surface mode (Lower right).
Note that ROI (arrow heads) is adjusted to the curve of the endometrium
(Upper left)

wholeimage of anintrauterine contraceptive deviceinthe uterine
cavity, while 3D ultrasound can show it clearly (Fig. 9).
Transvaginal 3D ultrasound demonstrates even a microinsert
contraceptive coil within the proximal fallopian tube.!

A coronal view shows exactly where a gestational sac is
(Fig. 10). A gestational sac out of the endometrial cavity is
clearly seenin acaseof interstitial pregnancy (Fig. 11).

Three-dimensional ultrasound shows the tip of an embryo
transfer catheter and the location where embryos were

Fig. 6: A coronal view of the uterus by volume imaging (Lower left and
right). (Lower right) The original image (Lower left) is enlarged and
rotated

Fig. 7: Comparison of images by different modes. From left to right,
maximum mode, surface mode and volume imaging. Note that bilateral
edges of the uterine cavity are depicted clearly by surface mode and
volume imaging. Partes uterina tubae are depicted by volume imaging

Fig. 8: Coronal views of uteri. (Upper left) Normal uterus. (Lower left)
Arcuate uterus. (Upper right) Septate uterus. (Lower right) Bicornis
uterus
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Fig. 9: Intrauterine contraceptive devices in the uterus. (Left)
Sagittal sections of uteri. (Right) Coronal views of uteri

Fig. 10: A coronal view of the uterus demonstrates normal location
of a gestational sac luminously (Lower right)

transferred (Fig. 12). Preliminary data showed that about 80%
of embryosimplanted in the same areato which they had been
transferred.?

Sonohysterography makes abnormalities in and of the
uterine cavity clear. Three-dimensional sonohysterography
shows adhesion of the uterine cavity clearly (Fig. 13). An
endometrial polyp can be analyzed minutely by translating and
rotating each image of three orthogonal planes (Fig. 14). A 3D
image of the polyp can be obtained by removing unnecessary
part of theuterinewall (Fig. 15).

Inside of a cystic degenerated leiomyoma can be
demonstrated three-dimensionally (Fig. 16A). A fold of thewall
isclearly seen by rotating the 3D image (Fig. 16B).

Fig. 11: Interstitial pregnancy. A gestational sac is seen out of an
edge (arrow head) of the uterine cavity

Fig. 12: Three-dimensional ultrasound in embryo transfer (ET). (Upper)
The tip of an ET catheter (arrow head) can be seen on a coronal
section (Left) and a sagittal section (Right). (Lower) Immediately after
ET. Air bubbles (arrow head) indicate the location where the embryos
were transferred

Color/Power Doppler

Abnormal blood flows in the uterus are demonstrated by
Doppler ultrasound (Fig. 17A). Three-dimensional power
Doppler images (Fig. 17B) demonstrate the vascular structure
moreclearly than 2D images. A 3D power Doppler image shows
feeding vessels to an endometrial polyp and its origin
luminoudly (Fig. 18).

A part of an abnormal blood flow of an arteriovenous (AV)
shunt in the myometrium isdepicted by 2D Doppler ultrasound
(Fig. 19A). A three-dimensional Doppler image demonstrates
thewhole structure of abnormal blood flow and vessels of both
inflow and outflow (Figs 19B and 20).

82



Application of 3D Ultrasound in Gynecology

Fig. 13: Three-dimensional sonohysterography. A coronal section Fig. 15: A 3D image of the endometrial polyp (arrow head).
of the uterus with Asherman’s syndrome (Lower right)® Frontal and lateral uterine walls were removed electrically

Fig. 14: Three-dimensional sonohysterography.
A three-orthogonal-plane of an endometrial polyp

Volume Measurement

Theendometrial cavity or the endometrium can be extracted on
a three-orthogonal-plane manually and its volume can be
measured accurately (Figs21 A and B). VVolume measurement
of the endometrium may be useful for evaluating hormonal
effectsto the endometrium and hyperplasiaof the endometrium.

OVARY AND TUBE

Figs 16A and B: A cystic degenerated leiomyoma of an 85-year-old
.. . . . . . . woman. Liquid in the leiomyoma was aspirated partially. (A) ROI setting.
minimum intensity projection (minimum mode) in apolycystic (B) 3D inside views of the leiomyoma with a fold of the wall (arrow
ovary (Fig. 22A). Each cyst is demonstrated more sharply by  head)

All follicular cysts can be demonstrated on a 3D image by
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Figs 17A and B: Endometrial cancer. (A) Two-dimensional images of the uterus with and without Doppler.
(B) Three-dimensional power Doppler images show rich and irregular neovascularity

Fig. 18: A 3D power Doppler image of the uterus. Blood flows in an
endometrial polyp (arrow) and feeding vessels (arrow head) are seen
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Figs 19A and B: Doppler images of an AV shunt found after D & C.
(A) A 2D image. (B) Three-dimensional images show both an AV
shunt (arrow) and vessels (arrow head)

Fig. 20: Three-dimensional images of another AV shunt found after D
& C. (Left and middle) Color Doppler images demonstrate AV shunt
(arrow) and dilated vessels (arrow head). (Right) A B-flow 3D image

Figs 21A and B: Three-dimensional images of the endometrial cavity
or the endometrium. (A) Extraction of the endometrial cavity and volume
measurement. (B) Three-dimensional images of the endometrial cavity

inverting black and white (inversion mode) and by removing
unnecessary surrounding structures (Fig. 22B).

Animage by 2D ultrasound depicts only one section of an
ovarian cyst and small solid parts on the cyst’ swall tend to be
overlooked. Three-dimensional ultrasound showstheinner side
of the wall three-dimensionally by setting ROI properly (Fig.
23A) and solid parts can be seen luminously (Fig. 23B).

A large hydrosal pinx may be made awrong diagnosisasan
ovarian cyst (Fig. 24A). Even athree-orthogonal -plane and a
surface rendered 3D image demonstrate it like an ovarian cyst
(Fig. 24B). Three-dimensional images by minimum mode (Fig.
24C) and inversion mode (Fig. 24D) demonstrate its tubular
structure and lead to the proper diagnosis.

Color/Power Doppler

A corpus luteum is surrounded by anet of blood vessels (Fig.
25). A 3D Doppler image can demonstrate morethan one corpus
luteum clearly by showing the nets of blood vessels (Fig. 26).
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Figs 22A and B: Three-dimensional images of a polycystic ovary. Figs 23A and B: Three-dimensional images of an ovarian cyst. (A)

(A) A 3D image by minimum mode (Lower right). (B) A 3D image of a ROl setting for surface mode. Note that any of three sectional images

bunch of cysts by inversion mode does not depict any solid part. (B) Three-dimensional images. Solid
parts on the wall (arrow head) are clearly seen

Fig. 24: Hydrosalpinx. (A) A tomographic image. (B) A 3D image by surface mode (lower right).
(C) A 3D image by minimum mode and X-ray mode (Lower right). (D) A 3D image by inversion mode (Lower right)
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Fig. 25: Doppler images of vessels around a corpus luteum.
(Left) A 2D image. (Right) A 3D image

Fig. 26: DD twin pregnancy. (Left) Two gestational sacs. (Right) A
Doppler 3D image shows two vascular nets indicating two corpora
luteum

Fig. 27: Three-dimensional power Doppler images of an ovarian
carcinoma. Feeding vessels are demonstrated (arrow head)

Three-dimensional images of blood vessels show feeding
vesselsto an ovarian carcinoma(Fig. 27) and irregular and rich
vessel structure in it (Fig. 28). Two-dimensiona ultrasound
depictsonly apart of tumor vascularity (Fig. 29A). However, a
3D Doppler image showsthe wholevascul arity which sometimes
helpsto distinguish atumor of Gl tractsfrom an ovarian tumor
(Fig. 29B). Combined evaluations of morphology and
neovascularity by 3D power Doppler ultrasound may improve
early detection of ovarian carcinoma.*

Fig. 28: Dysgerminoma. (Upper) A tomographic image.
(Lower) A 3D Doppler image

Fig. 29: Adenocarcinoma of the sigmoid colon. (A) A tomographic
image and a 2D Doppler image. (B) A 3D Doppler image demonstrates
that blood flows concentrate into the middle of the abdomen (arrow
head), implying that the tumor is not an ovarian tumor
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Fig. 30: Automatic extraction of an
ovarian cyst and volume measurement

Volume Measurement

The volume of an ovarian cyst or tumor can be measured
accurately with 3D ultrasound. A cyst may be extracted and its
volume is measured automatically, when the boundary of the
cyst and its surrounding tissue is clear enough (Fig. 30). Even
the boundary is not clear enough because of internal echoes,
the cyst may be extracted by tracing the boundary manually
and the change of its size can be followed up.

Once an ovarian cyst or tumor is extracted, its surface
rendered 3D image (Fig. 30 lower right) and transparent 3D
image with power Doppler (Fig. 31) can be obtained.

Fig. 31: Transparent 3D images of a hemorrhagic corpus luteum.
The hemorrhagic corpus luteum was extracted manually and
displayed with power Doppler images

CONCLUSIONS

Three-dimensional ultrasound is useful not only in obstetrics
but also in gynecology because of its ability to demonstrate
any section and 3D images which cannot be obtained by 2D
ultrasound and because of thefunction of volume measurement.
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