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gical ultrasound. It describes and explains
background anatomy and physiology, instrumen-
tation and how to make the best use of equipment.
Emphasis is placed on how to maximise image
quality, and how to recognise normal and patholo-
gical features. The volume also assesses other
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management strategies, and evaluates the role of
ultrasound as part of patient management. It
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ovaries and adnexae, paediatric and trauma cases,
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gynaecological perspectives of patient manage-
ment. Illustrated throughout with numerous
high-quality ultrasound images and line drawings,
many of them new for this latest edition, this is
essential reading for practitioners in training,
including radiologists, gynaecologists and
sonographers.

With more than 20 years’ experience in diagnostic
ultrasound, principally as Lead Ultrasound
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Preface

Ultrasound is one of the most important and pri-
mary diagnostic tools in gynaecology. Its use con-
tinues to increase, and it is now an essential part
of the diagnostic process in examining the female
pelvis. The increasingly complex technology, whilst
producing images of greater detail and diagnostic
value, requires a more comprehensive knowledge of
ultrasound scanning than ever before. Practitioners
must be aware of pitfalls and diagnostic dilemmas,
and must know how to produce the best images pos-
sible within the capabilities and limitations of their
equipment.

Our understanding of physiology and pathologi-
cal processes and the increasingly successful and
minimally invasive treatment options have carved an
important niche for the gynaecological ultrasound
practitioner. This text aims to provide both a refer-
ence for more experienced ultrasound practition-
ers and a guide and teaching aid for students of
ultrasound. Experts from various fields of gynae-
cology have contributed to the book, to achieve
a comprehensive, well-informed and up-to-date
project.

The book incorporates both the normal and
abnormal pelvis, illustrated with diagrams and high-
quality images, together with an emphasis on the
role of the scan within the patient’s management.
It incorporates the latest thinking and practice in
various fields, including the acute pelvis, infertil-
ity diagnosis and treatment and patient manage-
ment. The special considerations of the paediatric
pelvis merit a separate chapter. Students will find
sections on how to make the most of equipment and

ix



x Preface

scanning techniques, in order to maximise the diag-
nostic potential of their scan.

It has often been said that the greatest haz-
ard of ultrasound is that of the untrained opera-
tor. No mere text can be a substitute for practical
experience and good training, but this book aims
to assist the student in understanding ultrasound
and the gynaecological patient. I hope it will also
provide the more experienced ultrasound practi-
tioner with an easily accessible and comprehensive
reference.

The nature of medical ultrasound is such that
developments rapidly outstrip publications. I hope
this book will form a basic and enduring foundation
which will foster best practice and encourage prac-
titioners to develop their knowledge and skills.
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Equipment selection and instrumentation

Tony Evans
Leeds General Infirmary, Leeds

Equipment selection

Introduction

The selection of equipment for gynaecological ultra-
sound, as in other clinical areas, amounts to:� selecting the scanner� selecting the transducer� selecting how best to use them
Although the operator may have little or no choice
about the scanner to be used, it is important to recog-
nise that it is the combination of all three of the
above which is critical. A proficient operator getting
the best out of poor equipment is frequently more
effective than a poor operator using potentially good
equipment in an uninformed, unthinking or poorly
thought-out manner. It follows that whoever is using
the equipment needs a good understanding of the
ultrasonic imaging process, its limitations and char-
acteristics. In particular, there is a need to under-
stand the many compromises that exist, how they
come about and how the operator can control the
choices being made in order to optimise the quality
of the scan. The list below summarises the main con-
siderations to be taken into account before the scan
begins:� spatial resolution� temporal resolution� penetration� contrast resolution� probe shape and size� scanning ergonomics

� operating modes (e.g. pulsed and colour Doppler)� contrast agents� safety (acoustic, mechanical, electrical, biological,
chemical)

Note that the transducer frequency is omitted from
the above list. This is partly because manufacturer’s
probe labelling may be inaccurate but, more import-
antly, because the probe frequency is not a good
predictor of image quality and certainly does not
describe it. The operator may well find that a low-
frequency probe on one scanner gives a better image
than a higher-frequency probe on another.

We will consider each of the features on the list in
turn.

Spatial resolution
It is important that small details within a structure
or small objects are adequately imaged. This abil-
ity may be referred to as the overall ‘sharpness’ or
‘definition’ of the image and is described as its spa-
tial resolution. It may be defined more strictly as the
ability of the system to identify correctly two targets
lying close together. Thus, in Figure 1.1, the targets
are sets of pairs of wires lying in a tissue-equivalent
phantom and seen in cross-section. In the first case,
only the pair in the lowest row are resolved and the
other two pairs are blurred or smeared together but,
when the wires are imaged using a different machine,
the second pair are also resolved, although neither
machine can resolve the top pair which are closest
together.

C© Cambridge University Press 2005.
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2 Practical Gynaecological Ultrasound

Figure 1.1 Images obtained by scanning wires in a tissue-equivalent phantom. (a) A 3.5-MHz probe is able to resolve the lowest pair

(5 mm separation) satisfactorily, the middle pair (2.5 mm) is only just resolvable and the top pair is unresolvable. (b) Using a

7.5-MHz probe all the pairs are adequately demonstrated.

One peculiarity of ultrasound is that the spatial
resolution depends not only on the position of
the targets in the imaged section but also on the
orientation of the targets in that section. One way
of describing this is to use the concept of a resolu-
tion cell. We can imagine the section being imaged as
divided into small volumes or cells. If two targets are
so small that they fit within the same cell, then they
will not be resolved. In other words, details which are
small enough to fit entirely within a resolution cell
will not be visualised by the scanner. The exact shape
of a resolution cell may be complex (typically a little
like a flattened sausage!) but it can be described as
having three dimensions: an axial length, x, a lateral
width, l, and a slice thickness, t (Fig. 1.2). This leads to
the need to describe the resolution of an ultrasound
scanner in at least three planes and the complication
that the three values obtained may not only be very
different from each other but may also vary through-
out the image. The three values x, l and t are often
described as three ultrasound resolutions: axial,
lateral and slice thickness.

It seems obvious that smaller values of resolution
are unambiguously ‘better’ and this is so, but the
means by which smaller values are achieved may
involve unacceptable compromise in other features.
We first need to consider more carefully what governs
each of these resolutions.

Figure 1.2 The shaded area represents a single resolution cell

for the scanning system. Note that the dimensions x, l and t are

the resolution values in each direction at the position of the

specific cell. Elsewhere, the values may be different.

Axial resolution
The axial resolution, which is the x value of the reso-
lution cell (Fig. 1.2), depends primarily on the pulse
length. This is normally a fixed number of cycles
(typically 2–3), and so it follows that higher frequen-
cies, which bring shorter wavelengths, will give bet-
ter axial resolution. For frequencies between 5 and
7 MHz, this will normally be between 0.5 and 1 mm.
In almost all cases, it is the smallest and therefore the
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Figure 1.3 The effect of focusing is normally to reduce the

lateral beamwidth, l, in the region close to the focal zone (zone

A). However, away from the focus in zone B, the effect is to

degrade the beamwidth and hence also the lateral resolution.

best of the resolutions and consequently, operators
are encouraged to make measurements in an axial
direction wherever possible.

Lateral resolution
This is the l value in Figure 1.2 and is often referred to
as the beamwidth. Manufacturers use a wide variety
of ingenious methods to minimise beamwidth since
it manifestly has a profound effect on image qual-
ity. In many cases this involves electronic focusing of
arrays, which allows the beam to be narrowed only in
the plane of the scanning slice and is the reason why
the beam cross-section is not circular. Furthermore,
the focusing techniques used will often improve the
resolution at some depths at the expense of degrad-
ing the resolution at others and hence the resolution
depends additionally on depth of the target (Figs. 1.3
and 1.4). Manufacturers will often include a figure
for lateral resolution in their specification for a probe
and with modern equipment working between 5 and
7 MHz it is commonly between 2 and 8 mm. However,
this will be a best case and may be quite mislead-
ing: the operator is very influential here. Since the
focusing depth is normally selected from the scan-
ner’s control panel, care should be taken to match
the depth selected to that of greatest clinical sig-
nificance. Many machines now offer the facility for
additional focusing on transmission which reduces
the beamwidth still further. However, this normally

Figure 1.4 Lateral resolution is normally depth-dependent.

The region nearest the probe (arrow) has significantly better

resolution than at greater depths.

incurs a frame rate penalty and it is the operator who
must decide whether the additional resolution gain
is worth the price.

Slice thickness
The third dimension of the resolution cell is known as
slice thickness and is the t value in Figure 1.2. In this
case, electronic focusing will have no effect and so
it is likely that this resolution will be relatively poor.
Some focusing can be achieved by including lenses
in the front face of the probe, but this will be at a fixed
depth. For electronic probes, this will result in slice
thickness resolution in the range 5–10 mm, although
for mechanical scanners, the figure will be the same
as for lateral resolution since the beam cross-section
will be circular. The impact of this clinically is to pro-
duce slice thickness artefacts which, for example,
will result in transonic areas such as cysts becom-
ing partially filled with echoes which are generated
within surrounding tissue. Thus it is important that
the operator is aware of the resolution characteristics
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of the probe in use in order to avoid being misled by
such appearances.

Spatial resolution – key points� The shorter the pulse, the better the axial reso-
lution, i.e. higher frequencies are better� The narrower the beam, the better the lateral
resolution, i.e. in the focal zone of the beam.
(Focusing is usually worse at greater depths,
with consequent inferior lateral resolution)� The narrower the slice thickness, the better the
resolution. i.e. lenses or curved elements in a
plane at right angles to the image

Temporal resolution
Temporal resolution is the term often used to
describe the ability of the scanner to detect and dis-
play rapid movement. Clearly this is associated with
the time between samples at a given site, in other
words, the frame rate. Here we have another com-
promise involving the operator but based on a fun-
damental limitation.

The frame rate can be increased by either accept-
ing a reduced number of lines in the image or a
reduced imaged depth or both. There are two addi-
tional points to note. The first is that if lateral reso-
lution is improved by selecting transmit focusing,
this requires more pulses to acquire each scan line.
In effect, this is increasing the time per line. Thus the
improved resolution must be ‘bought’ by a reduced
frame rate, a reduced depth, a reduced number of
lines in the image or some combination of these
options. It is the operator who makes these decisions
and selects the best compromise, although the con-
trol panel of the machine might obscure these stark
choices in some cases. For a machine using a sector-
shaped field of view, such as a curvilinear array, the
compromise might appear as a reduced sector angle,
which is a means of reducing the total number of
scan lines without sacrificing line density (Fig. 1.5b).
Manufacturers of more modern equipment have
devised means by which some of these compromises
are less critical than was once the case, but the user

Figure 1.5 Practical image optimisation. (a)(i) The focal zone

has been incorrectly placed in the near field. (ii) Correct focal

zone placement at the depth of the uterus narrows the beam

at this point and results in improved resolution. (b) The

longitudinal image of this ovary (i) is improved by narrowing

the sector angle (ii), thus increasing the line density. (c)(i) This

small endometrial polyp in a patient with postmenopausal

bleeding is unclear on the transvaginal scan (arrowhead).

(ii) By reducing both the sector angle and depth, increasing

the line density, it now becomes apparent. (d)(i) Fluid

(arrow) is demonstrated in the endometrial cavity of this

postmenopausal patient. (ii) It is better emphasised by

adjusting the postprocessing options to improve the contrast

resolution.
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should watch the displayed value of the frame rate to
check how this is working in practice. Gynaecologi-
cal ultrasound, unlike cardiac or obstetric scanning,
does not demand a high frame rate and there is a
strong case for using all available means to maximise
resolution even if the frame rate drops to around
three or four frames per second or less. It is the
informed operator who must make this decision.

Temporal resolution – key points� Depends on the frame rate� Frame rate is faster when less time is taken to
construct the image, i.e. when the image has
a small field (in terms of depth and/or width),
or is constructed of fewer lines of information,
which reduces image quality� Frame rate is usually of less importance in
gynaecological scanning than spatial or con-
trast resolution and is therefore often sacrificed
to improve these latter considerations� The frequency label on the transducer may not
necessarily be a reliable indicator of either the
penetration or the resolution capabilities

Penetration
The operator will want to be reassured that the equip-
ment selected is capable of producing images down
to a clinically acceptable depth. The maximum depth
at which useful information can be obtained is deter-
mined by many factors, the dominant one of which
is tissue attenuation, although it can be increased by
one or more of the following:� reducing the frequency� using bigger output pulses� reducing the system noise
The attenuation suffered by the pulse tissue in trav-
elling through the tissue depends only on the fre-
quency of that pulse for a given tissue type. In normal
gynaecological practice, this limits 5 MHz ultrasound
to a depth range of about 7 cm and 7 MHz ultrasound
to about 5 cm. Modern transducer technology does
now allow probes to be used well away from their
basic resonant frequency (multifrequency probes)

(Fig. 1.5) and this allows the operator to trade off
frequency and penetration more explicitly in some
cases.

Penetration – key points� Depends primarily on the attenuation of the
pulse, which is less with lower frequencies� Greater penetration is achieved either by using
a lower-frequency transducer or by electron-
ically manipulating the existing resonant fre-
quency� It also depends on the power setting� And it depends on the level of system noise
or artefact, which can be reduced by using the
correct time gain compensation, and is highly
operator-dependent

Using larger pulses does provide some additional
penetration but, because the attenuation is loga-
rithmic, the effect is less than might be expected.
Thus a doubling of output power will typically result
in an increased penetration at 7 MHz of roughly 5
mm. As we shall see later, there is insufficient evi-
dence to establish firm safety limits at present, and
so doubling the power is not immediately vetoed
on safety grounds. However, tissue does not behave
in a way which might be expected in response to
higher outputs and the effect is often to increase
non-linear effects and harmonic generation (see sec-
tion on harmonic imaging, below) which will not
improve penetration at all. We therefore conclude
that, for the most part, if the probe selected will
not provide the penetration required at the high-
est practical gain levels available, then the oper-
ator can only change to a probe at a lower fre-
quency or else find a closer approach to the target of
interest.

The most obvious consequence of the high attenu-
ation of overlying tissue has been the introduction
of transvaginal (TV) probes. Instead of the conven-
tional transabdominal (TA) approach which involves
the beam traversing up to 7 cm of tissue, the TV
approach will allow many of the key structures to
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Figure 1.6 Inappropriate time gain compensation (TGC) settings can cause misleading impressions. (a)(i) Correct TGC with good

resolution of all the wires. (ii) Inappropriately increased overall gain causes deterioration of both lateral and axial resolution.

(b) Acoustic characteristics aid diagnosis: (i) a band of enhancement (arrows) behind this ovarian mass is due to reduced

attenuation within the mass, and is indicative of its fluid content (despite the rather solid-looking echoes within it). (ii) The opposite

effect of increased attenuation through a calcified fibroid causes posterior shadowing.

be positioned within 2–3 cm of the probe. This
allows 7 MHz scanning with its consequent resolu-
tion improvement and also allows the operator to
avoid other anatomical barriers.

Options for reducing the system noise seem
unlikely to provide dramatic improvements in pene-
tration for the foreseeable future. However, the oper-
ator has many opportunities to make it worse! Signi-
ficant image degradation can be caused by misuse of
the controls (Fig. 1.6a). If the time gain compensation

(TGC) and other controls are inappropriately set then
regions which are generating echoes of an adequate
size may not be displayed because the operator has
intervened to prevent it. Similarly, the opportun-
ities for creating misleading appearances of either
echogenic or transonic regions are many. The oper-
ator may also have the opportunity to achieve some
noise reduction using frame averaging at the expense
of frame rate, although at present the effects are
marginal.
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Manufacturers may be tempted to declare that
their probes are working at a higher frequency than
they really are in order to impress a customer with
what appears to be extremely high penetration with
the tacit assumption that the corresponding resolu-
tion gains are available. The user needs to set more
store by the actual performance of the probe than by
the frequency label.

Contrast resolution
Whereas spatial resolution can be defined as the abil-
ity of the system to distinguish two closely spaced
targets, the contrast resolution is its ability to distin-
guish two targets of almost the same nature. In other
words, the ability to identify one point or region as
being qualitatively different from another solely from
the grey levels of the echo displayed from the two.
If the echoes generated are in fact different but are
assigned the same grey levels by the machine, then
the operator will have no way of knowing they are
different. In practice, this will always be true to some
extent since the range of incoming echo sizes is many
times greater than the number of available grey levels
in the machine and even when the number of grey
levels within the machine is increased, the funda-
mental limit is set by the number which can be mean-
ingfully displayed by a television monitor and distin-
guished by the eye. Manufacturers have responded to
this by providing a wide range of options for deter-
mining which echo amplitudes are translated into
which grey levels and most equipment has controls
labelled pre- or postprocessing, which allows the
operator to choose, although there remains consid-
erable uncertainty about how this can be optimised.
The clinical significance of this is illustrated in Fig-
ure 1.5d where the same region is scanned at two
different grey-scale settings and the diagnostic con-
sequences are clear. Operators should be aware that
the ‘best’ setting will differ between clinical areas
and most scanners are set up according to some gen-
eral compromise. The more sophisticated machines
allow the operator to use dedicated set-ups if the
machine is dedicated to one clinical area, e.g. gynae-
cology. How this is determined and validated is prob-
lematical.

Contrast resolution – key points� Depends on the perceived number of grey
levels� By using different processing or set-up options,
contrast resolution may be improved over cer-
tain relevant regions. However, this will differ
according to the tissues under observation

Probe shape and size
Transabdominal imaging
The modern ultrasound machine consists of a main
viewing and control console to which one or more
probes can be attached. The operator on a day-to-
day basis may have to choose between three or four
probes but at the time of purchase or upgrade, a
wider choice will be available.

Linear array This is the most traditional of elec-
tronic array formats. It is characterised by being rel-
atively long and narrow, giving a large anterior field
of view but requiring good acoustic contact over its
whole length. It is not ideal for most gynaecological
use because of its large contact area, often referred
to as its footprint.

Curvilinear array The curvilinear array was devel-
oped as a sector version of the linear array and is
now the workhorse of many general scanning depart-
ments. It has a smaller footprint than the corres-
ponding linear array but is subject to some loss of
resolution at the edges of sector towards the larger
depths.

Phased array This type of probe has a particularly
small footprint because it uses all of the elements
in its length all of the time rather than having the
active section stepping along the array in sequence. It
is most frequently found in cardiology departments
where the narrow acoustic window prevents other
probe types from being effective. Its main drawback
in imaging the pelvis is that its anterior field of view
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Figure 1.7 Examples of transvaginal (top) and transabdominal

(bottom) probes used for gynaecological imaging.

is very limited. In addition it is particularly prone to
sidelobe artefacts because of its scanning action.

Thus it is probable that some form of electronic
array will be the normal probe of choice for gynae-
cological imaging. The majority of patients will be
satisfactorily imaged using 5-MHz probes, although
a small number of difficult or obese cases will only be
properly imaged at a lower frequency. In some cases,
a higher frequency such as 7.5 MHz will give even
better results.

Transvaginal imaging
It is now widely accepted that the optimal images
from many gynaecological patients will be obtained
using a TV rather than TA technique. The probes
developed for this purpose can almost always be fit-
ted directly on to the console of standard machine.
Indeed, a number of small portable scanners are
now available with TV probes as an option. The
range of probe types, shapes and sizes is surprisingly
large and there is a marked lack of standardisation
(Fig. 1.7 and see Fig. 2.7). Potential purchasers would
do well to check the viewing angle of a TV probe and
be aware of the compromises in resolution and frame

rate which can be associated with working with wide
angles.

Scanning ergonomics
The choice of probes and consoles is not entirely
objective and operator preferences continue to be
important. Having all the controls within easy reach
is critical but there are those who prefer more adjust-
ments and those who wish to minimise the number
of knobs. There are variations in the weight of probes,
the use of foot pedals, the arrangements for caliper
measurements and hard copy, the choice of slider
controls or others for TGC and the difficulty or ease
with which probes can be interchanged. In addition,
consideration must be given to whether portabil-
ity is important. Even the largest machines should
be moveable with good wheel design, but there
are many small, light-weight, inexpensive scanners
available now which can easily be picked up and car-
ried around. The compromise in this case is between
portability and image quality and facilities.

Operating modes
The normal operating mode of a conventional diag-
nostic ultrasound scanner is real-time B-mode. In
addition, there may be an option of using a mode
called harmonic imaging, which is described below.

Harmonic imaging
It is a feature of soft tissue (and indeed many mater-
ials) that as the pulse travels through them it suf-
fers distortion. One aspect of this is the generation
of additional frequencies which were not present in
the original pulse when it set out. It turns out that
if the original pulse was at a frequency f, then the
‘extra’ frequencies will be at multiples of f. In other
words, frequencies 2f, 3f, 4f etc. will be generated
and these are known as harmonics of f. When har-
monic imaging mode is selected, the scanner ‘tunes
in’ to one of these higher frequencies (usually 2f )
when it is receiving rather than looking for echoes at
the same frequency as it sent out. Since the resolu-
tion normally improves with increasing frequency,
it might be expected that this would improve the
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image quality, and in many cases it does. However
there is another, more important bonus. Much of
the artefact such as reverberation which obscures
the ultrasound image is from echoes which do not
contain a significant amount of harmonic. By tun-
ing the receiver to the harmonic frequency, these
artefacts are partially suppressed. The net result is
a sharper and clearer image.

Of course, this will not improve all scanning on
every occasion, but there are situations where it
makes a significant difference. Some manufactur-
ers offer transducers which can be used in har-
monic mode if extra software is bought and hence
the machine can be readily upgraded. In other cases,
especially if the machine is relatively small and
portable, this may not be an option and so purchasers
need to consider carefully what their needs really are.

Doppler
For the detection, assessment and measurement of
flow, one of the various Doppler modes should be
considered. They can be categorised as follows:� continuous-wave (CW) Doppler� pulsed Doppler� colour flow Doppler� power Doppler

CW Doppler In CW Doppler it is necessary to have
separate transducers for transmission and recep-
tion, although both can be incorporated into a single
housing.

The main problems with CW Doppler are:� There is uncertainty about the anatomical position
of the origin of the signals� It is difficult to use since, unless the probe is posi-
tioned correctly, there may be no signal at all and
the operator may not know where to look.� The angle dependence (Cos � term) implies that
if the vessel is approached at or close to 90◦, no
Doppler shift will result� Other nearby moving structures, such as vessel
walls, may generate much larger Doppler signals,
obscuring those of interest

Figure 1.8 The sample volume has been placed over a small

artery within this ovarian mass. The resulting spectrum from

the artery is displayed as a high-resistance waveform.

As a result of the above, the use of CW Doppler in
gynaecology is virtually non-existent and will not be
discussed further.

Pulsed Doppler The main advantage of pulsed
Doppler is that the operator can select the region
from which the Doppler information is to be
obtained because the use of pulses allows the timing
to be used as a marker. The commonest approach is
to arrange for a line to be generated on the image
along which Doppler signals will be received and
then for a small ‘sample volume’ to be moved along
the line by the operator to indicate the precise depth
at which the information is required (Fig. 1.8). The
display then shows the Doppler spectrum at that
depth and hence the technique is also known as
spectral Doppler.

Electronic arrays can be used for this purpose
since individual elements or groups of elements can
be made to generate the extended pulses or act as
receivers for the Doppler shifted signals. When the
appropriate command is given, the display switches
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Figure 1.9 The colour box has been located over a mass in the

lower uterus, demonstrating vigorous arterial and venous flow

around an area of trophoflagtic invasion of a caesarean-section

scan.

to the Doppler spectrum which looks much the same
as one from a CW system. It is possible using many
electronic systems to continue to obtain a live image
while the pulsed Doppler information is shown but
this inevitably compromises the quality of both.

The spectral trace obtained from a pulsed Doppler
system shows an overall pulsatility which is heavily
influenced by the downstream impedance. Users
wishing to exploit this will want to characterise the
shape of this spectral outline and most machines
have extensive computerised facilities to allow this.

The main problems with pulsed Doppler are:� There is a limit to the velocity which can be cor-
rectly measured. If the blood velocity exceeds this
limit, aliasing occurs, which results in the spec-
trum showing the movement as being in the oppo-
site direction� Greater depths and higher frequencies lead to
reduced velocities before aliasing. Furthermore,
if some time is spent in updating the displayed
image, then this reduces the maximum still fur-
ther and hence it is more common for operators to
work with recently frozen images of the section of
interest

� The operator must select the region to be inter-
rogated by the Doppler beam and only one can be
used at any one time. If there is doubt as to whether
blood flow is present anywhere in a given region,
then this makes searching for it very difficult, if not
totally impractical

Colour flow Doppler Colour flow mapping (CFM)
Doppler systems superimpose flow information
encoded as colours on a real-time grey-scale ultra-
sound image. With CFM, Doppler information is
obtained simultaneously from a large region, pos-
sibly even the whole image, allowing the operator to
form an immediate impression of the blood flow in
the displayed section as a whole (Fig. 1.9). The con-
vention is to use shades of red when the net flow is
towards the probe and blue when it is away from it.
The compromise in this case is with the quality and
nature of the Doppler information obtained. In order
to sample and process signals from the whole sec-
tion in real time, the complete spectral analysis of the
Doppler shifts has to be abandoned. Each scan line is
sampled several times (typically eight) in quick suc-
cession and the sampled lines are analysed in pairs.
A calculation reveals the mean velocities and the
uncertainties or spreads are expressed as variances.
Thus each small picture element or pixel is associ-
ated with a single number, which is a mean blood
velocity, a positive or negative sign indicating flow
direction and a variance value which can be inter-
preted as a measure of turbulence. The sign deter-
mines whether that pixel is red or blue, the mean
value is displayed as a shade of the chosen colour
and the variance is shown in one of many ways, typ-
ically as the addition of some other colour such as
yellow or green. It is unfortunate in some ways that
the convention is for red and blue to be used as main
flow indicators since the ill-informed can misinter-
pret them as meaning arterial or venous.

Thus CFM systems are very useful for giving a quick
indication of the extent of blood flow in a given region
but it is important to recognise their limitations:� The extra time per line carries a penalty in terms of

image quality. This may be manifest as a reduced
frame rate, resolution degradation or both
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� Doppler spectral flow information is lost and hence
the facility for evaluating downstream impedance
and characterising the waveform is unavailable. It
is often necessary to use the CFM as a crude indi-
cator of where to look in more detail using pulsed
Doppler� There is virtually no quantitative information
available from CFM systems. Manufacturers use
very different methods for determining the colour
mapping and most allow the operator to modify it
still further. Thus information reported on any one
machine is very difficult to interpret and diagnostic
markers may well vary between systems� The angle dependence which limits CW and pulse
systems still applies and may lead to confusing
artefacts when flow exists but is parallel to the
probe face� The machine has to use some algorithm or rule
to determine when the colour information will be
allowed to overwrite and hide the grey-scale infor-
mation. This can lead to missing colour when close
to strong stationary targets.

Power Doppler More recently, some manufactur-
ers have decided to display the Doppler informa-
tion in a different way, often described as power
Doppler. In such systems, all of the power from all
of the Doppler-shifted signals within a given region
is added together to produce a single value. In this
case, no angle correction is needed since no attempt
is being made to compute velocities and only one
colour is required since there can be no negative
power values. The benefit is that a much stronger
total signal emerges which does not have angle
dependence and allows the identification and dis-
play of very small vessels which may be too small to
detect with CFM systems. Power spectral Doppler
has many trade names, which adds to the confu-
sion, and has mistakenly been described as produc-
ing a perfusion map, which is not strictly true. It is
closer to being a description of the total energy asso-
ciated with moving blood in a region and seems to be
skewed towards venous flow. Its clinical value, if any,
remains to be proven but it is undoubtedly attracting
much attention at the present time.

Operating modes – key points� Predominantly real-time B-mode� Continuous-wave Doppler not practical in
gynaecological scanning because the position
of the vessel generating the signal is unknown� Pulsed-wave Doppler uses long pulses of
Doppler from individual elements or small
groups within an array. It allows the operator
to select a vessel visible on the real-time image
and obtain a spectrum.

The spectrum gives quantitative and quali-
tative information about the direction, veloc-
ity, variance and downstream resistance of the
blood film� Colour flow (CF) Doppler superimposes
Doppler information on the real-time image,
giving the operator the immediate impression
of an organ’s vascular ‘map’.

It needs more time per line of information
to do this and therefore there are penalties of
poorer image quality.

It gives information on presence or absence
of flow and its direction, and an impression
of the velocity and variance, but no quantita-
tive information. It is usually, therefore, used in
conjunction with a pulsed-wave sepctrum� Power Doppler superimposes Doppler infor-
mation on the real-time image as with CF
Doppler, but displays only the amout of energy,
without any of the directional or variance infor-
mation. This results in a stronger signal which
may potentially identify smaller vessels with
slower velocities than CF

Contrast agents
The use of contrast agents is rapidly increasing in all
areas of ultrasound. In fact gynaecological applica-
tions were among the first to be recognised. There
is a wide variety of forms but the common element
is that they all contain small gas bubbles. The pres-
ence of such bubbles, either in the blood stream or
elsewhere, results in a very strong echo being sent
back to the transducer. This can result in a vessel
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or tube being visualised which would otherwise not
be seen and hence there can be benefits even in nor-
mal B-mode operation. However the interaction with
the bubbles can also result in extra harmonic gen-
eration and so scanners equipped with this mode
of operation might be at an advantage. Further-
more, if the bubble is moving then the echo signal
will be Doppler-shifted and so will have the effect
of enhancing any of the various Doppler modes as
well.

Safety
The safety issues which arise in gynaecological ultra-
sound can be categorised as follows:� ultrasonic� electrical� microbiological

Ultrasonic
The question of whether diagnostic ultrasound can
have harmful effects has been the subject of many
papers and discussions since it was first intro-
duced. The reader is referred to the references for
a fuller account but it is clear that there is a need
for ongoing vigilance in this area. Traditionally the
view has been that ultrasound hazards can arise
through three mechanisms: cavitation, heating and
microstreaming.

Cavitation is the growth, oscillation and possible
collapse of bubbles under the influence of the ultra-
sonic field. This is unlikely in typical gynaecologi-
cal applications but there is concern where gas-filled
contrast agents are employed.

Microstreaming, as the name implies, is the small-
scale local circulation of free fluids both inter- and
intracellularly and the consequent alterations to cell
metabolism.

However, most emphasis is now placed on the
thermal effects of ultrasound and the possibility
of ultrasound-induced thermal damage. Unfortu-
nately, it is extremely difficult to predict the temper-
ature rise which a given ultrasonic beam would pro-
duce in a given volume of tissue and the knowledge
that vasodilation would generally occur in most liv-
ing systems confounds the calculation still further.
It is likely that the temperature rise will be related to

the total output power from the transducer and other
factors. The situation is complex and rapidly chang-
ing. Clinical users therefore need to seek advice and
reassurance from responsible expert groups. Such
advice is available from the British Medical Ultra-
sound Society (BMUS),1 the European Federation
of Societies for Ultrasound in Medicine and Biology
(EFSUMB) and the World Federation of Ultrasound
in Medicine and Biology (WFUMB).

Manufacturers in North America are now required
to adopt a system of on-screen labelling2 to advise the
user about the exposure conditions created by the
machine at any time and this has now become
the de facto standard elsewhere. The system uses two
indices, the mechanical index (MI) and the thermal
index (TI) to advise users about the worst-case in-
vivo conditions which might arise from their use of
the machine in the mode of operation in use at the
time. It is for the user then to decide whether or not
to proceed.

The MI is concerned about the liklehood that there
might be cavitation arising within the tissue being
exposed. It is defined as:

MI = p/
√

f

where p is the pressure amplitude in MPa after allow-
ing for overlying tissue attenuation and f is the fre-
quency in megahertz. The BMUS advice1 is that users
should strive to keep the MI at 0.3 or below wherever
possible.

The TI is defined as:

TI = W/Wdeg

where W is the output power and Wdeg is the power
which would lead to a 1◦ rise in temperature in a
worst-case scenario. In other words, if the TI is equal
to 1, then a worst-case temperature rise of 1 ◦C might
be expected in vivo.

The ways in which the user might influence the
MI and TI values vary between scanners and can
be complicated. BMUS and other organisations have
drawn up helpful guidance and the reader is referred
to their websites for further information.1

An additional consideration arises from the pos-
sibility of heating directly from the probe itself. In
pulsed Doppler mode, the transducer, which has
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been optimised to produce short imaging pulses, is
required to generate and receive longer pulses and
its efficiency for this purpose is relatively low. The
loss of energy due to inefficiency manifests itself as
heat within the probe and there is evidence that, left
unattended, in worst-case conditions, some probes
can reach up to 60 ◦C.

Most of the vast bulk of epidemiological evidence
supports the assertion that no one anywhere has ever
been shown to have been damaged by ultrasonic
energy from a diagnostic machine. The epidemiolog-
ical evidence relating to the safety of ultrasound in
obstetric applications has been reviewed on a num-
ber of occasions3 and it is generally assumed that, if
the exposure conditions are acceptable for obstetric
use, then they will also be reasonable for other appli-
cations. Studies have been conducted relating to pos-
sible associations of ultrasonic exposure of the fetus
with childhood malignancies, neurological malde-
velopment, left-handedness and low birth weight.
It seems clear that most of the work supports the
notion of there being no association of these out-
comes with ultrasound exposure. However, they con-
clude that, on some issues, such as the incidence
of left-handedness and low birth weight, no firm
conclusions can yet be drawn and hence the recent
trend has been towards somewhat more guarded
statements than in the past. There is no direct evi-
dence that these effects are harmful but, nonethe-
less, it should be noted that the general consensus is
that most at risk is the developing embryo and that
this risk is maximised when the embryo is imaged
transvaginally using pulsed Doppler.

It should be stressed that routine clinical scanning
of every woman during pregnancy using real-time
B-mode imaging is not contraindicated by the evi-
dence currently available from biological investiga-
tions and its performance should be left to clinical
judgement.

In view of the possibility of ultrasonically induced
biological effects within tissues in the path of a
Doppler beam, routine examinations of the develop-
ing embryo during this particularly sensitive period
of organogenesis using pulsed Doppler devices is
considered inadvisable at present. It is advisable to
minimise output levels and exposure time in pulsed

Doppler mode during fetal examinations and par-
ticularly when fetal bone structures lying within the
Doppler beam may be preferentially heated.4

In this light, it seems clear that the general prin-
ciple must be to avoid unnecessary ultrasonic expo-
sure of anyone. The use of ultrasound should there-
fore be to limit the dose to that which is needed to
obtain the appropriate clinical information. In other
words, it should be governed by the ALARA principle
(as low as reasonably achievable), which applies in
conventional radiography.

Electrical
Ultrasonic probes in medicine are subject to the
same electrical safety requirements as any other
electromedical equipment. In the UK, they must
satisfy the British Standard BS5724 (or its Inter-
national Electrotechnical Commission equivalent).
This standard is particularly demanding of intracav-
itary devices such as TV probes since they are in very
good electrical contact with the patient. In general,
manufacturers are careful to ensure that their equip-
ment complies with these regulations and problems
are rare. However, it is important to bear in mind that
it is the whole system that must meet the require-
ments. Thus if the scanner to which a TV probe is
attached is itself connected electrically to another
piece of equipment such as a camera, video cassette
recorder or computer, then the complete system may
fail electrical tests even though its individual compo-
nents have passed. Obviously any physical damage
to a probe or its cable such as a crack which might
reduce its electrical insulation must be taken seri-
ously, recorded and drawn to the attention of the
relevant parties.

Microbiological
While any piece of equipment which is regularly
coming into contact with patients must be kept clean
to avoid cross-infection, this is particularly import-
ant for TV probes. Unlike many other devices used
in a similar way, ultrasound probes cannot be auto-
claved but some of them have design shapes which
make them more difficult to sterilise than others.
The considerations include the nature of any clean-
ing methods, the type of disinfectant to be used, the
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use of probe covers and the need for an asepctic
technique. The issue has been the subject of an
advisory statement from the American Institute for
Ultrasound in Medicine (AIUM).5 All such methods
must be used in the full awareness of specific advice
from the equipment manufacturer since some probe
materials will be irreparably damaged by some anti-
septics such as gluteraldehyde.

Thus it is clear that this is another situation in
which the operator plays the crucial role. By being
aware of the situation and adhering closely to pub-
lished guidelines, the operator can reduce the patient
exposure in an ultrasound examination manifold.
It has often been claimed that: ‘In diagnostic ultra-
sound, the greatest hazard to the patient is that pre-
sented by the untrained or poorly trained operator’.

Practical use of ultrasound – key points� The basic gynaecological ultrasound service
requires both transabdominal and transvagi-
nal capabilities. It should be subject to regular
quality control and safety checks� Choice of equipment must be informed, taking
into account its performance in terms of reso-
lution, penetration and probe selection and
design� The operator must use a combination of both
technical ability and clinical knowledge in
order to maximise the diagnostic capability.
He/she should have undergone recognised
training specific to gynaecological ultrasound
and maintain regular scanning experience and
continuing development in the field� Good, safe practice includes:� regular audit and quality control procedures� the use of current guidelines and schemes of

work� operation in accordance with the ALARA
principle (as low as reasonably achievable)� recognition of any limitations of the equip-
ment and the technique used
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Practical equipment operation and technique

Jane Bates
St James’s University Hospital, Leeds

Practical approach to image optimisation

Arguably the first consideration in choosing a
machine is the quality of the image in terms of reso-
lution. Equipment differs significantly, and should
be carefully evaluated before purchase by someone
with experience in gynaecological ultrasound. Cost
is not necessarily an indicator of quality of image,
and in some cases it may be advisable to forgo ele-
ments of advanced functionality in favour of a basic,
good-quality image.

Intelligent, informed operation of even a basic sys-
tem is the key to accurate diagnosis. There are a
number of controls which can be found on even the
most basic systems which, if used correctly, offer sig-
nificant improvements in image quality which can
inform the appropriate patient management. The
practical improvements that can be made by the
operator to the image are underpinned by an under-
standing of the theoretical principles outlined in
Chapter 1.

As demonstrated in Chapter 1, using the tissue-
equivalent phantom, the image should be optimised
using the focal zones, frame rate and line density, fre-
quency manipulation and other image-processing
options.

Frame rate and line density

The pelvic viscera are usually stationary targets and,
as such, can be examined using a relatively low frame

rate. This has the effect of increasing the line density
with a consequent improvement in diagnostic infor-
mation (Fig. 2.1).

Focal zone

The focal zone, which corresponds to the area where
the beam is narrowest, should be aligned against the
structure under examination, e.g. the ovary. When
a single focal zone is used it is important to place
it to affect the depth of interest (Fig. 2.2). If good
resolution is required through a greater depth – for
example, when looking at a large, fibroid uterus –
the number of focal zones can be increased to three
or four. This keeps the beam narrow over a greater
depth at the expense, again, of decreasing the frame
rate.

Depth/sector angle/zoom

Resolution, in terms of line density, may also be
improved by choosing to scan a smaller area. The sec-
tor angle may be narrowed when scanning an ovary,
for example. For looking at structures in the near or
mid-field, the depth may also be reduced (Fig. 2.3).
This improves the line density whilst maintaining the
frame rate. In addition, small areas may be zoomed
for closer examination, achieving a very good line
density within a small area.

C© Cambridge University Press 2005.
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a

b

Figure 2.1 Effect of frame rate. (a) A high frame rate reduces

the line density, losing image quality. (b) By lowering the frame

rate, the line density is increased, giving a much improved

image.

Frequency

As we have seen in Chapter 1, the higher the fre-
quency the better the resolution, but the poorer the
penetration. The operator must therefore choose the
highest frequency possible whilst being able to pen-
etrate to the required depth. Most modern machines
with broadband technology allow the user to change
the resonant frequency without changing transduc-
ers, and the operating frequency can therefore be
changed throughout the examination as appropri-
ate (Fig. 2.4).

a

b

Figure 2.2 Effect of focal zone. (a) The focal zone is

inappropriately placed in the near field, with consequent poor

resolution of the ovary. (b) Correctly placed focal zone with

good delineation of the ovarian follicles.

Tissue harmonics

The use of non-linear harmonics, if available on your
machine, can be very useful in reducing artefacts. In
particular, when examining cystic structures, rever-
beration and noise can often be eliminated, allow-
ing more accurate interpretation of the appearances.
Tissue harmonics tends to produce an image which
has a reduced dynamic range (looks more ‘contrasty’)
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a

b

Figure 2.3 Effect of field of view. (a) Left ovary. (b) Same ovary

with a reduced sector angle and depth of field allows a higher

line density, and enables the operator to appreciate the ovarian

morphology better.

and so is usually used in conjunction with funda-
mental imaging during the scan (Fig. 2.5).

Extended field of view

Many machines now have the ability to display
extended images over a greater field of view. This
does not add to the image quality, but can allow the
operator to appreciate the extent of large masses,

a

b

Figure 2.4 Effect of frequency. (a) Transvaginal scan of a

normal ovary. (b) The same ovary, using the same probe but

switched to a higher resonant frequency: improved detail and

resolution, but with slightly poorer penetration.

which could not otherwise be entirely displayed on
one image, and can facilitate more accurate meas-
urements (Fig. 2.6).

Choice of approach

The pelvic organs are routinely visualised by two
approaches – transabdominal (TA) and transvagi-
nal (TV). Each has its own advantages and limi-
tations and examinations frequently employ both
techniques, depending on the reason for referral.
Occasionally a transrectal (TR) scan may be useful,
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a

b

c

Figure 2.5 Tissue harmonic imaging (THI). (a) The contents of

this ovarian cyst are unclear. (b) With THI peripheral blood clot

can be demonstrated clearly. (c) The endometrium is more

clearly outlined with THI on the right-hand image.

Figure 2.6 The use of extended field of view helps the operator

to appreciate the full extent of this case of endometriosis, in

which large endometriotic cysts extend well above the fundus

of the uterus.

Figure 2.7 Examples of probes suitable for gynaecological

ultrasound. Top, curved array for transabdominal scanning;

middle, transvaginal probe, bottom, high-frequency linear

array suitable for examination of the anterior abdominal wall.

for example, in a postoperative patient with a pelvic
collection who is unable to tolerate a TV scan.

Most general gynaecological scanners require at
least two probes – a general curved array (around
4–5 MHz) and a higher-frequency transvaginal probe
(7.5 MHz) (Fig. 2.7).

The curved array probe is also suitable for scan-
ning other abdominal organs where necessary, such
as the kidneys for suspected hydronephrosis, or the
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Figure 2.8 The use of a linear array probe demonstrates

malignant plaque or ‘cake’ on the anterior abdominal wall in

the near field in a patient with ovarian carcinoma. Note that

the plaque is vascular on colour Doppler. As the vessels are

approximately perpendicular to the beam, and therefore

undetectable by Doppler, the colour box has been ‘steered’ to

create a smaller angle between the beam and the vessels.

liver, spleen and adrenals to exclude metastases
in the case of gynaecological cancer. It may also
be useful, particularly with ovarian carcinoma, to
use a high-frequency linear array probe to examine
the abdominal wall for peritoneal or omental plaque
from disseminated cancer (Fig. 2.8). This probe has
a wide near field of view, with good line density and
resolution throughout the depth of view.

Scan preparation

In symptomatic patients who have not had previous
scans, it is advisable to prepare the patient for both
a TA and TV scan. Women attend with a full bladder,
allowing the TA scan to be performed first (see below)

Figure 2.9 The wide field of view of the Transabdominal scan

can accommodate the uterus and both ovaries in transverse

section.

with the intention of proceeding to a TV scan after
micturition.

A careful explanation of the procedure intended
and a private scanning environment are essential. It
is also good practice to offer the services of a chap-
erone where possible.

It is invariably necessary first to take a careful his-
tory from the patient. This should include the cur-
rent menstrual state in addition to current and past
gynaecological history.

Transabdominal (TA) scanning

The main advantage of TA ultrasound lies in its ability
to encompass a comparatively large field of view. This
is useful for:� locating the ovaries in relation to the uterus, par-

ticularly those sited laterally (Fig. 2.9).� demonstrating large masses such as a fibroid
uterus, adnexal masses or pelvic collections� demonstrating iliac fossae, bladder and any asso-
ciated renal pathology� demonstrating uterine anomalies, such as bicor-
nuate uterus, which may be more difficult to appre-
ciate on a TV scan.

TA scanning, via a distended bladder, has been used
since diagnostic ultrasound began. The full bladder
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b

Figure 2.10 Bladder filling on Transabdominal scans. (a)

Anteverted uterus with an almost empty bladder. (b) Optimal

bladder filling retroflexes the uterus and displaces bowel. Note

the strong reflection from the intrauterine contraceptive

device.

displaces small bowel away from the pelvic viscera
and partially retroflexes the normally anteverted
uterus to maintain the endometrial echo at a more
perpendicular angle to the beam (Fig. 2.10).

Some patients find the distended bladder
uncomfortable, and others are unable to reach
the required degree of filling. Associated medical
problems, such as incontinence, renal failure or pre-
vious bladder surgery, also prevent adequate filling

Figure 2.11 The presence of free fluid allows the pelvic viscera

to be scanned transabdominally with the bladder empty. The

uterus and ligaments are demonstrated.

and TV techniques should be considered for these
patients.

The full bladder itself displaces the organs into the
far field of the image where the resolution is usually
inferior. The bladder can also give rise to unwan-
ted artefacts such as reverberation and mirror-
imaging.

Occasionally, ascites may avoid the need for a
full bladder, outlining the uterus, ovaries and broad
ligament sufficiently to obtain diagnostic informa-
tion (Fig. 2.11). It is useful, however, to visualise the
bladder itself, particularly when bladder pathology
is present (Fig. 2.12), or when trying to distinguish
pelvic cysts from structures of vesical origin (e.g.
bladder diverticula).

Transabdominal technique

The patient is usually scanned supine with the dis-
tended bladder as a ‘window’ to visualise the uterus
and ovaries in longitudinal and transverse sections.
The uterus is best displayed with its long axis per-
pendicular to the beam. This varies from patient
to patient, in terms of ante- or retroversion and
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Figure 2.12 Filling the bladder has the advantage of being able to detect other, often unsuspected pathology, such as this

ureterocele.

obliquity. Having found the uterine axis, the pelvis
can be examined from side to side by a combination
of transducer movement and angulation.

The organs should always be examined in two
planes where possible, and by turning at right angles
to the uterine axis, transverse or axial scans can
then be performed through the pelvis, maintaining
the beam perpendicular to the endometrial cavity
(Figs. 2.13 and 2.14).

The position of the ovaries varies from patient
to patient, and according to the degree of bladder-
filling. By maintaining the bladder as an acoustic
window, the relationship of the ovaries to the uterus
can be demonstrated. It is often helpful to identify
the ovaries first in transverse section by visualising
the uterine cornu and scanning slightly inferior and
lateral to this.

It is often advisable to perform any preliminary
measurements (of ovarian volume, masses, etc.) at
this stage in case visualisation is incomplete or
unsuccessful on TV scanning. An ovarian volume
estimation requires three measurements truly per-
pendicular to each other (Fig. 2.15). This is easier to
achieve with a TA scan, as the planes obtained TV are
slightly oblique.

Transvaginal scanning

The reduced distance between probe and organs in
the TV route allows the use of a higher frequency
(7.5 MHz). The additional benefit of a lack of layers
of subcutaneous tissue (which attenuate the sound
in a TA scan) culminates in vastly superior resolution
by using a TV technique (Fig. 2.16).

Unfortunately, TV scanning does have some
drawbacks: the field of view is smaller, making
assessment of larger organs and masses difficult.
Large masses will lie outside the transducer’s field
of view and focal zone, and there is reduced flexibil-
ity in the available planes of scan which can make
measurements such as ovarian volumes less easy.

The bladder should be empty in order to allow
the uterus and ovaries to lie close to the transducer
within its focal zone. This often makes the TV scan
more acceptable to women than the TA approach.

Acceptability to the patient

Patient acceptability depends almost entirely on
the approach by the sonographer and it is rare for
patients to decline. The amount of time necessary
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Figure 2.13 (a) The endometrial cavity echo is poorly

demonstrated because of its low angle to the beam. (b) With a

cephalic angle, maximum reflection from this interface is now

obtained. (Note how the echo from the vaginal interface has

now disappeared.)

to explain the procedure and put the patient at her
ease is always well spent as the benefits of a TV
scan in terms of improved acoustic information are
enormous.1 Privacy and dignity must be maintained
at all times, and patients may sometimes feel more
comfortable with a family member present. There
are very few contraindications to vaginal scanning
but these include paediatrics and virgi intactae.

Patients may also be offered a chaperone who
is, preferably, a female member of staff familiar
with departmental practices. This has the advantage
of reassuring and assisting the patient whilst also

affording a measure of protection to the operator in
terms of confirming the nature of the scan subse-
quently if necessary.

Friendly and professional communication with
the patient cannot be stressed too highly, and the
majority of litigious cases surrounding TV ultra-
sound, though few, could possibly have been avoided
by employing good communication skills.

Transvaginal technique

The scan is performed with an empty bladder and
usually carried out with the patient semi-recumbent,
knees bent, buttocks resting on a pad or pillow. This
is usually quite sufficient to allow the operator to
manoeuvre the probe satisfactorily. (The use of a
lithotomy table, with stirrups for the patient’s legs,
is normally unnecessary but may be found in some
specialised departments such as assisted conception
units.) Alternatively, the decubitus position, partic-
ularly in patients who have difficulty lying supine, is
useful.

Using a slightly reverse Trendelenburg position
encourages any free fluid to collect in the pouch of
Douglas, outlining the posterior uterine wall and, in
some cases, the adnexal structures.

In the case of the patient’s first attendance, the TV
scan will often follow a TA survey, which will have
allowed the operator to locate the position and lie of
the uterus and ovaries and highlighted any masses.
(Patients who attend for follow-up scans or regular
screening examinations are usually able to proceed
straight to TV scans without first filling the bladder.)

Different scan planes are achieved by a com-
bination of rotation of the probe and angulation
(Fig. 2.17). It is sometimes helpful for the learner to
imagine the sector beam as a thin fan emerging from,
and fixed to the probe, and then retain this mental
image as the probe is turned and angled after inser-
tion. As with any scanning technique, it is important
to adapt to the individual patient and not perform
the procedure simply as a technical process.

The probe is inserted gently into the vagina and
may be located in the fornix or withdrawn slightly
back down the vagina, to display the uterus fully.
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Figure 2.14 Longitudinal sections demonstrating different uterine angles. To obtain a transverse section in which the endometrium

is perpendicular to the beam: (a) the best angle for transverse sections is slightly cephalic on this anteverted uterus. (b) This

retroverted uterus requires a slightly caudal angle.

Figure 2.15 Polycystic ovary with measurements appropriate for volume calculation. LO, left ovary longitudinal (left); TS,

transverse (right).

Because the field of view is comparatively small, it is
necessary to angle the probe, sometimes quite con-
siderably, to interrogate all the necessary structures.
Anatomical landmarks such as the internal iliac ves-
sels are useful for locating the ovaries, but it is also
valuable to draw upon positional information gained

from a previous TA scan if the ovaries are difficult to
locate.

Although the problem of attenuation through sub-
cutaneous tissue is avoided by the TV route, large,
attenuating masses such as uterine fibroids, and
overlying small bowel may obscure vital structures.
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a b

c d

Figure 2.16 (a) Transabdominal uterus. (b) Transvaginal scan of the same uterus as (a), clearly showing the ovulatory stage of the

endometrium. (c) Transabdominal scan showing both ovaries. (d) Transvaginal scan of the right ovary in the same patient as

(c), showing the corpus luteum clearly.

Figure 2.17 Basic transvaginal planes of scan.
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This is a particular problem in postmenopausal
women when the uterus and ovaries are atrophied.
Gentle manipulation of the ovaries and bowel trans-
abdominally with the free hand can overcome this
problem and may bring superiorly placed ovaries
down into the focal zone of the transducer.

A further advantage of TV scanning is the abil-
ity to use the probe to push the pelvic viscera gen-
tly and establish whether they move freely over the
peritoneal surfaces. Known as the ‘sliding organ’
sign, this is a useful clue in the diagnosis of adhe-
sions, which will prevent this free organ movement
if present.

Manipulation of the transducer by angling, rotat-
ing and sliding movements should obviously be gen-
tle and slow to avoid tension and discomfort.

Biological safety

To minimise the risk of infection, the probe should
always be covered with a disposable cover. Commer-
cially available condoms are adequate for the pur-
pose of covering the TV probe, but those with sper-
micidal lubrication should be avoided, particularly
in assisted conception units. A small amount of cou-
pling gel should first be introduced into the condom,
which is then rolled on to the transducer, smoothing
any air bubbles away from the transducer face. Gel is
then applied to the outside to maintain contact and
facilitate insertion of the probe. Most condoms con-
tain latex, making them unsuitable for use in women
with a latex allergy. In such cases, the finger of a latex-
free surgical glove makes a useful probe cover.

The sonographer is responsible for minimising the
risk of cross-infection and probes should be thor-
oughly cleaned after each procedure using a disin-
fectant approved by the manufacturer.2

Table 2.1 gives a comparison of TA and TV tech-
niques.

Recognising the acoustic characteristics

It is vital to recognise the acoustic characteristics
of organs and masses in order to interpret the scan

Table 2.1 Summary of advantages and limitations of transabdominal

and transvaginal techniques

Transabdominal (TA) Transvaginal (TV)

Field size Large: displays relationship

of ovaries to uterus

Limited; large masses may be

beyond focal zone

Accommodates large

masses within the image

May not be able to

accommodate entire uterine

section in the field

Flexibility Easy to examine upper

abdomen (e.g. kidneys)

with same transducer

Must use TA transducer for

upper abdomen

Bladder and distal ureters

can be assessed

Bladder not well seen

Invasive

nature

Perceived as non-invasive,

so is the technique of

choice for paediatrics

and others

May be perceived as invasive.

Must have good

patient–sonographer

communication

Privacy essential

Preparation Full bladder may be

uncomfortable or

impossible

No preparation required

Resolution 3.5/5 MHz 5/7.5 MHz

Limited resolution,

especially in far field

Considerably superior to TA

correctly (Fig. 2.18). Appearances to be taken into
consideration when making a diagnosis include:� internal echo content and pattern� margins or capsule of the lesion – well- or ill-

defined, focal thickening or nodules� attenuation characteristics – posterior enhance-
ment, shadowing or mixed attenuation

For example, a simple cyst or follicle should have
a well-defined, thin, regular outer capsule, no inter-
nal echoes and posterior acoustic enhancement. Any
departure from these criteria implies that the lesion
is not a simple cyst. Internal echoes with poster-
ior enhancement suggest that the mass is predom-
inantly fluid but contains other material such as
haemorrhage.

Recognition of artefact is of particular import-
ance when interpreting the appearances. Reverber-
ation or noise can mimic haemorrhage, pus or even
septations. Always ensure you scan from differ-
ent angles and in different planes to be confident
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a b

c d

Figure 2.18 (a) This ovarian cyst has a well-defined capsule with a band of posterior acoustic enhancement (arrows). Note the

low-level echoes within it from blood. (b) Although this mass also contains low-level echoes, it has no posterior enhancement and is

a small, solid fibroma. (c) The fibroid on the right uterine wall is clearly solid, attenuating the beam and making it difficult to

demonstrate its posterior margins. (d) Despite the internal echoes, the enhancement posterior to this cystadenocarcinoma

demonstrates that it is predominantly fluid in nature.

that appearances represent true findings. Incorrect
gain settings can obliterate important characteris-
tics, such as posterior enhancement, shadowing or
low-level internal echoes, which would otherwise aid
diagnosis.

Doppler techniques

Although colour and spectral Doppler modes are
capable of giving haemodynamic information about

the pelvic viscera, Doppler often has little to con-
tribute to the general gynaecological ultrasound
scan, due to the non-specific nature of the informa-
tion obtained.

Displaying small vessels within the ovaries is
highly dependent on the sensitivity of the equip-
ment, and many normal ovaries appear ‘avascular’,
particularly in the early part of the cycle, simply
because the machine cannot detect such small, low-
velocity vessels.
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a

b

Figure 2.19 Transvaginal section through a normal ovary.

(a) With colour Doppler tiny intraovarian blood

vessels are demonstrated. Red indicates flow towards, and blue

away from the transducer. (b) Power Doppler can be more

sensitive than colour, displaying small low-velocity vessels in

the ovary.

Power Doppler tends to be more sensitive than
colour Doppler, and has the advantage that it is
not as angle-dependent, potentially displaying a sig-
nal in vessels which are perpendicular to the beam
(Fig. 2.19).

The information available from using Doppler is
both qualitative (establishing whether something
is vascular or not) (Fig. 2.20) and quantitative
(measurements of resistance index, for example)
(Fig. 2.21). The TV approach, because of its higher

a

b

c

d

Figure 2.20 (a) The tubular structure on the left of the uterus

could be a vessel or dilated tube. (b) Colour Doppler indicates

that it is a vein. (c) The endometrium is indistinct in a patient

with bleeding following dilatation and curettage. (d) Colour

Doppler demonstrates an atriovenous malformation not

visible on the grey-scale image.
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Figure 2.21 (a) The range gate (sample volume) has been placed over a normal right uterine artery. The resulting spectrum gives a

characteristically high-resistance waveform with low end-diastolic flow (arrowhead) and a notch (arrow). (b) This uterine artery has

an abnormally low resistance (high end-diastolic flow, no notch) in a postmenopausal patient with bleeding from an endometrial

carcinoma.

transmitted frequency, provides better resolution
with increased sensitivity to low-velocity blood flow
particularly relating to smaller intraovarian vessels.
Obviously, smaller-diameter vessels with low velo-
cities, such as those within the ovarian stroma, are
more difficult to visualise and the ability to demon-
strate pelvic vessels depends upon several factors,
including:� the sensitivity of the ultrasound system� the settings used – pulse repetition frequency

(PRF), filter and colour gain� the transmitted frequency� the angle of the vessel to the beam� menstrual stage and state
To demonstrate low-velocity, small intraovarian ves-
sels, the operator should ensure that the settings are
as sensitive as possible, using a low PRF or ‘scale’.
Adjusting the Doppler gain to display the vessels
and utilising a low filter so as not to eliminate true
but weak Doppler signals. The information gained
from spectral Doppler in the pelvis relates to the
downstream resistance of the vessel in question. A
high downstream resistance, such as that encoun-
tered in the iliac vessels and normal uterine vessels
(Figs. 2.21 and 2.22), has a pulsatile waveform with

Figure 2.22 The angle corrector has been placed

approximately along the direction of flow of this internal iliac

artery, giving a peak systolic velocity reading of just over

0.98 m/s.
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low end-diastolic flow and often a notch during early
diastole. A measure of this resistance to flow can be
made by several indices, the most commonly used
being:

Resistance index − A − B
A

Systolic/diastolic index − A
B

Pulsatility index − A − B
mean

where A is peak systolic frequency, and B end-
diastolic frequency.

If you are unable to obtain any Doppler flow,
check that:� the angle of insonation of the vessel is low –

preferably less than 60◦ to the beam� the Doppler gain setting is turned up suffi-
ciently� the filter is on a low setting� the system pulse repetition frequency is set for
low velocities – (i.e. low ‘range’ or ‘scale’ setting)� the transmitted power is sufficient (within the
as low as reasonably achievable (ALARA) prin-
ciple)� power Doppler is often more sensitive in
demonstrating small, low-velocity vessels

Additional techniques

Repeating the pelvic scan after an interval of 1 or 2
weeks can be a useful exercise in some cases; the
physiological nature of appearances may be con-
firmed by scanning during a different stage of the
menstrual cycle.

Occasionally, loaded bowel may mimic a mass, or
obscure pelvic structures. In such cases a repeat scan
after bowel preparation may be necessary.

Saline contrast hysterosonography, in which a
small amount of warm saline is introduced via a
catheter into the endometrial cavity, improves visu-
alisation of the endometrium and is particularly

Figure 2.23 Saline infusion hysterosonography. Saline has

been infused into the endometrial cavity, outlining this small

polyp.

successful in the investigation of postmenopausal
bleeding.3 This has the effect of mildly distending the
cavity and increasing the contrast resolution, outlin-
ing abnormalities not seen on the routine ultrasound
(Fig. 2.23).

The use of contrast media in the investigation of
infertility and tubal patency is discussed in subse-
quent chapters.

Many probes have the option of a biopsy attach-
ment (Fig. 2.24), which enables drainage and biopsy
procedures to be carried out with accurate place-
ment of the needle and minimum discomfort to the
patient.

The role of the sonographer

Most gynaecological ultrasound in the UK is car-
ried out by sonographer practitioners who have
undergone recommended training and assessment
programmes in medical ultrasound. It is a well-
recognised fact that ultrasound is a highly operator-
dependent technique, and one of the greatest haz-
ards in diagnostic ultrasound is not any perceived
biological effects on tissues, but its use by untrained
personnel.4
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Figure 2.24 (a) A transvaginal probe with a needle-guide

attatchment. (The probe cover has been omitted for clarity.)

(b) Using the guide, a needle is placed into an ovarian cyst for

drainage.

The gynae sonographer is a vital part of the
multidisciplinary team, providing expertise in clin-
ical ultrasound techniques and making an invalu-
able contribution to the management of the gynae
patient. Their role in audit and quality control, train-
ing, research and development is well established in
the UK. Most good departments operate to regularly
reviewed ultrasound schemes of work, which outline
best practice and provide a framework for monitor-
ing the quality of the service.

The production of images as a record of the exam-
ination can provide a useful baseline for subsequent
examinations, and can also be invaluable in pro-
viding medicolegal proof that the operator has per-
formed a comprehensive examination in a com-
petent fashion.5 Many departments prefer to store
these electronically. Although incurring significant
capital costs, this is a subsequently cost-effective
system of recording, storing and retrieving patient
examinations.

A successful sonographer-based ultrasound ser-
vice incorporates:� recognised training� continuing education� regular, frequent ultrasound practice� proper delegation by the medically qualified

person in charge� the use of protocols or schemes of work� good audit and quality control procedures

Summary

The practitioner should aim to maximise the diag-
nostic information by:� carefully assessing the patient’s history� giving a full explanation of the procedure to facili-

tate cooperation� utilising the equipment controls properly through-
out the scan� using any additional techniques necessary such as
saline infusion

Both TA and TV techniques have their benefits. There
are situations in which TA scanning alone cannot
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deliver the required information – assessing the post-
menopausal endometrium, for example, requires the
fine detail of TV scanning. Alternatively, large pelvic
masses cannot be accommodated in the field of
the TV transducer, which may underestimate their
extent, and are better appreciated transabdominally.

The strength of the ultrasound examination lies
in the fact that it is dynamic. The operator must be
both technically skilled and clinically aware, with a
flexible approach using a combination of techniques
where necessary. Recognised training together with
continued professional development will ensure that
the scan findings are appropriately interpreted.

Practical use of ultrasound – key points� The basic gynaecological ultrasound service
requires both transabdominal and transvagi-
nal capabilities. Equipment should be subject
to regular quality control and safety checks� Choice of equipment must be informed, taking
into account its performance in terms of reso-
lution, penetration, probe selection and design� The practitioner must use a combination of
technical ability and clinical knowledge to
maximise the diagnostic capability. He/she
should have undergone recognised training
specific to gynaecological ultrasound and
maintain regular scanning experience and con-
tinuing development in the field6� Good, safe practice includes:� regular audit and quality control procedures� the use of current guidelines and schemes of

work� operation in accordance with the as low as
reasonably achievable (ALARA) principle� recognition of any limitations of the equip-
ment and the technique used
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Anatomy, physiology and ultrasound appearances

Jane Bates
St James’s University Hospital, Leeds

Introduction

The female reproductive system comprises the
vagina, uterus, ovaries and fallopian tubes. The
appearances of these structures on ultrasound
depend on the age of the patient and menstrual
state and stage at the time of the scan. Throughout
the woman’s life, particularly during the functional
cycle, the organs are subject to physiological changes
brought about by the influence of the hormones.

While the main object of the scan in most situ-
ations is to examine the reproductive organs, it is
also essential to know and recognise other structures
within the pelvis, including muscles, blood vessels,
ligaments, rectum and sigmoid colon and the blad-
der and ureters (Figs. 3.1 and 3.2).

Vagina

The vagina is a midline, thin-walled, muscular struc-
ture approximately 8–9 cm in length, extending from
the uterus to the vestibule (Fig. 3.3). It is H-shaped in
cross-section, constructed of longitudinal folds and
transverse ridges (rugae) which give it the ability to
distend to accommodate the fetus during parturi-
tion. In its upper portion, it is contiguous with the
uterine cervix and it divides into the fornices – anter-
ior, posterior and right/left lateral.

During transabdominal (TA) scanning the dis-
tended bladder, which acts as an acoustic window,
does not affect vaginal position. The vagina can
therefore be used as an effective landmark, even if

the uterus does not occupy its familiar position in
the pelvis. The bladder also compresses the vagina,
producing the hyperechoic midline echo (Fig. 3.4).

Uterus

The uterus is a pear-shaped, muscular, hollow organ
situated in the true pelvis. It usually lies in the mid-
line, anterior to the rectum and posterior to the urin-
ary bladder and is supported by ligaments and mus-
cles (Figs. 3.1 and 3.2). Typical measurements of the
adult uterus are 7 cm in length, 4 cm wide and 3 cm in
anteroposterior diameter. These measurements all
increase in size, on average by 1.2 cm following preg-
nancy.

The uterus is generally anteverted but may be
retroverted or retroflexed (Fig. 3.5). The degree of
bladder-filling also has an effect on the flexion of the
uterus (see Chapter 2).

The uterus is divided into four parts: (1) fundus;
(2) corpus (body); (3) isthmus; and (4) cervix
(Fig. 3.6a). Confident delineation of the cervix is not
always possible on ultrasound images as there is no
clear acoustic difference in the tissues of the body
of the uterus and the cervix, unless the cervix is sur-
rounded by fluid (Fig. 3.6b).

The fundus of the uterus refers to the dome-
shaped uterine roof, which extends superiorly to the
entrance of the fallopian tubes.

The corpus or body is composed of the upper two-
thirds and the lower third is the cervix. At the junction

C© Cambridge University Press 2005.
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Figure 3.1 Midline sagittal section through the female

pelvis.

Figure 3.2 Transverse section through the body of the

uterus.

Figure 3.3 The vagina.

a

b

Figure 3.4 (a) Longitudinal section through the vagina. The

beam has been angled slightly caudad to demonstrate the echo

from the vaginal interface. (b) Transverse section through the

vagina.
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Figure 3.5 (a) Various uterine positions. (b) Normally

anteverted and (c) Retroverted uterus.

a

b

Figure 3.6 (a) The uterus. (b) The cervix is well-delineated on

ultrasound when surrounded by fluid.

Figure 3.7 The acoustic properties of the three uterine layers:

e, endometrium; m, myometrium; p, parametrium

(arrowhead).
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Figure 3.8 Uterine anomalies.

of the corpus and the cervix lies the isthmus; it is here
that, during the later stages of pregnancy, the lower
uterine segment develops.

The two main parts of the uterus have separate
functions – the corpus for gestation and the cervix to
act as a sphincter.

The uterine wall is composed of three layers: (1)
the parametrium – the external layer; (2) the
myometrium – the thick muscular layer; and (3)
the endometrium – the inner layer. The different
tissues of these layers exhibit different acoustic
properties (Fig. 3.7). The parametrium, an incom-
plete covering layer of peritoneum, produces a
highly reflective echo outlining the uterus. Lower-
level homogeneous echoes are reflected by the
thick layer of myometrium and the inner lining,
the endometrium, exhibits changing ultrasound
appearances throughout the hormonal cycle, giving
rise to different thicknesses and reflectivities.

These cyclical changes of the endometrium and
ovaries are described in more detail later in this chap-
ter (see Fig. 3.27).

Figure 3.9 Contrast hysterosalpingogram demonstrating a

bicornuate uterus. Patent tubes are seen bilaterally with spill of

contrast into the peritoneal cavity.

Figure 3.10 Magnetic resonance axial T2-weighted image

demonstrating a bicornuate uterus (arrowheads).

Uterine anomalies
The reproductive organs develop in the embryo from
two tubes, the Müllerian ducts. The caudal portions
of these ducts eventually fuse to form the uterus,
cervix and superior part of the vagina, while the cra-
nial portions remain separate, forming the fallop-
ian tubes. Development takes place from the third
or fourth week of gestation and continues into the
second trimester. Interruption to this process causes
incomplete fusion, which may result in a variety
of structural anomalies1,2 and the more common
anomalies are demonstrated in Figure 3.8.
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a

b

Figure 3.11 (a) Ultrasound demonstration of a bicornuate

uterus in transverse section. This may often be more obvious on

transabdominal than transvaginal scanning, due to the larger

field of view. (b) A three-dimensional transvaginal ultrasound

image of a bicornuate uterus.

It may be difficult to demonstrate on ultrasound
the more subtle anomalies; these may often be bet-
ter revealed by laparotomy, laparoscopy or hystero-
salpingogram during investigations for infertility or
failed pregnancies (Fig. 3.9). Magnetic resonance
imaging is also useful for demonstrating uterine
anomalies (Fig. 3.10).

The bicornuate uterus is most frequently identi-
fied on ultrasound in transverse section, by demon-
strating two distinct cornua, each with its endome-
trial echo, towards the fundus. The advent of

three-dimensional ultrasound has also played a use-
ful role in evaluating uterine anomalies (Fig. 3.11)
by being able to display the endometrium in coronal
section.3

Ovaries

The function of the ovaries is to produce a mature
ovum every 28 days, to secrete the female hormones,
oestrogen and progesterone, which maintain the
reproductive cycle, and to support pregnancy.
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Table 3.1 Age-related differences in size of the uterus and ovaries

Infantile Prepubertal Reproductive Postmenopausal

Uterus Length (cm) 1.5–2 2–5.4 5–12 3.5–6.5

Width 0.8–1.0 1.0–2.2 4.0 1.2–1.8

Anteroposterior diameter 1.0 3 1.5–2.0

Ovaries Volume (cm3) 0.7–3.6 1–6 6–12 <4

Figure 3.12 Anatomical relations of the ovary.

Figure 3.13 Transvaginal scan of the normal ovary

demonstrating graafian follicles.

Each ovary usually lies posterior and lateral to
either side of the uterus attached to the broad liga-
ments by its own mesentery, the mesovarium and
to the uterus by the ovarian ligament. Its upper sur-
face lies in close proximity to the fimbrial end of the
fallopian tube (Fig. 3.12).

Ovaries are oval in shape, usually about the size of
a walnut but varying with age (Table 3.1). The ovary
is made up of the central portion or medulla and the
outer cortex (stroma) within which are contained a
number of graafian follicles. It is the follicle which
houses the ovum. The blood and lymphatic vessels
and nerves are situated in the medulla.

Ultrasonically, the stroma and medulla exhibit
quite different appearances: the stroma demon-
strates the greater changes during the menstrual
cycle. The follicles, a ‘soft-marker’ for ovarian iden-
tification, are visualised in a peripheral arrange-
ment as well-defined echo-free areas in the stroma
(Fig. 3.13). Their size varies with the stage of the cycle.
The central medulla appears as an area of relatively
strong reflectivity with no definite borders.

The mesovarium is mobile, making the exact loca-
tion of the ovaries variable. The position of the
ovaries also varies according to adjacent bowel and
the degree of bladder-filling (Fig. 3.14), and may alter
position during scanning.4 This, together with ovar-
ian atrophy following menopause, can make scan-
ning a challenge. It is useful to use ultrasonic land-
marks to help with identification. In most cases, the
ovary lies in close proximity to the internal iliac artery
which can be visualised passing obliquely lateral to
the lower third of the uterus (Fig. 3.15). A less eas-
ily recognisable but still useful landmark is the posi-
tion of the levator ani muscle which marks the most
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b

Figure 3.14 (a) Transverse transabdominal scan

demonstrating varying ovarian positions (arrows). The right

ovary lies behind the uterus (U), (b) Longitudinal section with

the left ovary lying above the fundus of the uterus.

Figure 3.15 Transvaginal longitudinal section through the

ovary demonstrating the proximity of the internal iliac artery

(A) and internal iliac vein (V).

Figure 3.16 The fallopian tube.

inferior position at which the ovary can be located
(see section on musculature, below).

For practical scanning purposes, the ovaries can
be visualised in a variety of positions from the pouch
of Douglas to the superolateral aspect of the uterus.

Fallopian tubes

The two fallopian tubes lie either side of the uterus in
the superior portion of the broad ligament (Fig. 3.16).
Their walls are composed of the same three layers as
the uterus.

Each tube is approximately 10 cm in length and
passes laterally, posteriorly and inferiorly from the
upper part of the uterus. The uterine opening is
minute whilst the abdominal opening, which is in
close proximity to the ovary, is larger.

Each tube has four parts:
1. the interstitial portion, which lies within the uter-

ine wall
2. the isthmus – the medial third extending laterally

from the upper part of the uterus
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a

b

Figure 3.17 (a) Hystero-contrast sonography. The normal

(undilated) fallopian tube, not usually visible on ultrasound,

can be demonstrated when contrast is introduced, increasing

the echogenicity and contrast resolution. (b) The tube is

demonstrated when dilated with fluid and debris in the

hydrosalpinx.

3. the ampulla, which is the widest part of the tube
4. the infundibulum, which is the dilated funnel-

shaped portion close to the ovary
The opening of the infundibulum has tiny projec-
tions, known as fimbriae, which serve to guide the
ovum into the tube.

The function of each tube is to convey the ovum
from the ovary to the uterine cavity. If fertilisation
takes place, it usually occurs in the tube.

The normal fallopian tube is difficult to image
sonographically as its tiny diameter is beyond the
resolution capabilities of most transducers and it is
a relatively poor reflector of ultrasound. The over-

Figure 3.18 Transvaginal axial section through the lower

uterus. Fluid in the pouch of Douglas (arrow) is a normal

finding mid-cycle.

all structure may be demonstrated after the intro-
duction of contrast during X-ray hysterosalpingo-
graphy (Fig. 3.9) or preferably, without incurring the
potential hazard of radiation, with hystero-contrast
sonograpy or HyCoSy (Fig. 3.17: see Chapter 7). Occa-
sionally, pelvic fluid may be present surrounding the
tubes, making at least partial visualisation possible.

Peritoneum and ligaments

The peritoneum surrounds the body of the uterus,
forming recesses, or pouches, anteriorly and poster-
iorly (Figs. 3.1 and 3.2). The anterior recess between
the uterus and posterior bladder wall is known as the
vesicouterine fossa. The posterior recess lies anter-
ior to the rectum and extends down to the posterior
fornix of the vagina. It is known as the rectouterine
fossa or pouch of Douglas.

It is not unusual to see fluid in this recess on ultra-
sound, especially during mid-cycle after ovulation,
as this represents a gravity-dependent pocket when
the patient lies supine (Fig. 3.18).

The ligaments attaching the uterus within the
pelvic cavity are predominantly extensions of
the peritoneum in anterior, posterior and lateral
directions.5 The anterior and posterior ligaments
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Figure 3.19 The ligaments. The broad ligament is a double

fold of peritoneum in which lie the adnexal structures.

form the vesicouterine and rectouterine pouches
(see above). Two further peritoneal extensions
between the posterior uterine surface and the
sacrum form the paired uterosacral ligaments.

The paired broad ligaments are composed of dou-
ble folds of peritoneum which extend laterally from
either side of the uterus to the wall of the bony
pelvis. Each ligament contains the fallopian tube in
its superior portion, the round ligament, the ovary
with its ovarian ligament, blood vessels and nerves
(Fig. 3.19).

These ligaments are not easy to see ultrasoni-
cally. However with careful scanning in the transax-
ial plane, superior to the uterine fundus, an arc of
low-level homogeneous echoes can be visualised,
which represents the broad ligament and its con-
tents as it arises adjacent to the horn of the uterus
(Fig. 3.20).

The paired round ligaments are not extensions
of the peritoneum, but fibromuscular cords which
extend laterally from the region of the uterine cor-
nua and lie within the broad ligament. Each ovary is
also attached to the lateral wall of the uterus by the
ovarian ligament. When free fluid is present in the

a

b

Figure 3.20 (a) Right adnexal area. The superior portion of the

broad ligament (arrowheads) containing the ovarian artery.

(b) The ovarian liagament (arrow) is demonstrated when

surrounded by fluid. A small fimbrial cyst is noted (arrowhead).

pelvis it is possible to visualise the ovarian ligament
as a highly reflective linear echo in the fluid.

Vasculature

The main uterine artery arises from the internal iliac
artery. It passes medially, supplying the cervix and
ascending the lateral aspect of uterus within the
broad ligament. Branches from the main artery fur-
ther supply the cervix and vagina (Fig. 3.21). The vagi-
nal arteries eventually form the azygos arteries of the
vagina as they descend along its surface. These ves-
sels are tortuous and coiled to provide extra length
during pregnancy.

The ovary arises from the abdominal aorta, imme-
diately below the renal arteries. At the margin of the
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Figure 3.21 Arterial supply to the uterus and ovary.

pelvis, the artery passes between the folds of the
broad ligament. Several of its smaller branches sup-
ply the fallopian tubes and anastomose with uterine
arteries.

Venous drainage from the uterus is via the inter-
nal iliac vein, and from the ovaries is into the venous
plexus, from which arise the ovarian veins, lying pos-
terior to the uterus. The right ovarian vein drains into
the inferior vena cava, the left ovarian vein into the
left renal vein.

Musculature

The pelvic organs are supported by a ‘shelf’ of muscle
on each side. There are four main muscle pairs; the
levator ani and the coccygeus make up the pelvic
diaphragm. The levator ani lies between the ischial
spines and the posterior portion of the pubis and acts
as the floor of the pelvis.5 It supports the pelvic organs
and surrounds the rectum, vagina and urethra which
pierce it.

The piriformis lies slightly posterior and superior
to the coccygeus, and the obturator internus lies
against the lateral wall on each side of the pelvis

Figure 3.22 The pelvic muscles. (a) Axial section at the level of

the body of the uterus. (b) Axial section at the level of the

vagina.

with the insertion point being the greater trochanter
(Fig. 3.22).

The muscles can be demonstrated on ultra-
sound as well-defined linear structures with low-
level homogeneous echoes. Their position is prob-
ably most readily appreciated transabdominally,
posterior and lateral to the uterus. Occasionally they
may be mistaken for pathology, and it is important
always to be aware of their location and appearance
(Fig. 3.23).

Bladder and ureters

The bladder is a reservoir for urine and occupies the
lower portion of the true pelvis anterior to the uterus.
The normal full bladder on ultrasound has a thin,
hyperechoic smooth wall with anechoic fluid within.
It is fixed at its caudal portion (trigone) to the cervix.

The ureters are hollow, muscular tubes not usu-
ally seen on ultrasound unless pathologically dilated.
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a

b

c

d

Figure 3.23 The pelvic muscles in transverse section. (a) Piriformis muscles seen behind the body of the uterus (arrows).

(b) Iliopsoas (arrows) is demonstrated by angling slightly laterally. (c) Levator ani (arrowheads) at the level of the vagina.

(d) The obturator internuis (OI) may be demonstrated lateral to the piriformis (P).

They are approximately 30 cm in length and pass
anterior to the internal iliac artery and posterior
to the ovary. Their relationship to the reproductive
organs is important in cases of pelvic pathology,
which may give rise to obstructive uropathy.

It is possible to identify the vesicoureteric junction
in a transverse scan through the bladder base, and

the ureteric jet may be clearly demonstrated using
colour Doppler as it enters the bladder (Fig. 3.24).

Anatomical changes related to age

The uterus and ovaries vary in size according to age.
Neonatal and paediatric appearances are discussed
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Figure 3.24 Ultrasonic appearances of the ureters. In transverse section, the ureters may be traced down as they travel medially,

(a) and enter the bladder base (b). (c) At this level the ureteric jets may be demonstrated with colour Doppler. O.I., obturator

internus; CX, cervix; L.A., levator ani. In longitudinal section, (d) the ureter may sometimes be seen as a tiny tube (arrow) between

the ovary (o) and iliac vessels. iiv, internal iliac vein; iia, internal iliac artery; p, piriformis.

in Chapter 8 and postmenopausal pelvic organs
in Chapter 4. A comparison of normal anatomical
appearances with age is given in Table 3.1.

A simple formula for estimation of ovarian volume
is:

Volume (cm3) = length × width × anteroposterior

diameter × 0.53

Later in life, at and following menopause, the
uterus and ovaries atrophy. This regression in size is
a gradual process and in the early postmenopausal
phase the organs can appear ultrasonically very sim-
ilar to those of the reproductive years. As in the pre-
menarchal stage, the cervix is larger than the corpus.
In the normal elderly patient, the endometrial echo,
although thin, should still be demonstrated. The
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c

e
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d

Figure 3.25 The differing appearances of the uterus with age.

(a) Paediatric (b and c); adult uterus transabdominal and transvaginal

scan; (d and e) postmenopausal uterus transabdominal and

transvaginal scan.

normal uterus at this stage is of uniform echogenic-
ity but the ovaries become increasingly difficult to
image unless cysts are present (Fig. 3.25).

Physiology of reproduction

The female reproductive years occupy an average
35–40 years between puberty and menopause. The

standard hormonal cycle is 28 days, although it is
widely recognised that this is an arbitrary figure and
that there are variations to this pattern.

Throughout each normal cycle, the endometrium
and ovaries undergo changes brought about by
the hormones secreted by the pituitary gland –
follicle-stimulating hormone (FSH), luteinising hor-
mone (LH) and prolactin. The ovaries themselves are
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Figure 3.26 The influence of hormones on the uterus and

ovaries. FSH, Follicle-stimulating hormone; LH, luteinising

hormone.

Figure 3.27 (a) The uterus in a normal cycle. POD, pouch of Douglas.

also active and secrete oestrogen and progesterone
(Fig. 3.26).

The purpose of these hormones is to pro-
duce a mature ovum for fertilisation, prepare the
endometrium for the fertilised ovum and support the
pregnancy in its early stages.

During the proliferative, or initial, phase of the
cycle, FSH influences the immature follicles to
develop, resulting in a dominant follicle being pro-
duced. Around day 14 of cycle, when the oestrogen
levels are high, LH stimulates ovulation. During this
period, the endometrium thickens and ripens. Fol-
lowing ovulation, during the secretory phase, the
ovary secretes progesterone, FSH and oestrogen lev-
els diminish and the follicular wall collapses forming
the corpus luteum. If pregnancy does not occur, the
endometrium becomes thickened and menstruation
takes place on or around the 28th day.

Ultrasound appearances

Changes in the endometrium and ovaries can be
well demonstrated sonographically using a high-
frequency TV transducer (Figs. 3.27 and 3.28).

It is important to remember that the endometrium
is a three-dimensional structure, and to scan it fully
by angling the transducer from left to right uterine
horn in longitudinal section, and from cervix to fun-
dus in transverse section. In this way the operator
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Figure 3.27 (cont.) Ultrasound scans of the normal endo-

metrium through the cycle. (b) Menstruation (days 1–4). Blood

is seen within the cavity. (c) Regenerative/early proliferative

(days 1–8). Thin endometrium. (d) Late proliferative (days 9–12).

Thickening, increasingly hyperechoic endometrium. (e) Peri-

ovulatory (days 12–15). Hypoechoic with a hyperechoic rim.

(f) Secretory (day 16 to menstruation). Irregular and hypere-

choic. (g and h) The junctional zone (arrowheads) can be seen

as hypoechoic layer surrounding the endometrium, seen here

in the regenerative (g) and ovulatory (h) phases of the cycle.

This layer represents part of the myometrium and should not

be included in the endometrial thickness measurement.
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Figure 3.28 (a) The appearances of the dominant ovary. Ultra-

sound appearances of the dominant ovary through the cycle:

(b) Regenerative (days 1–8): small follicles. (c) Proliferative (days

9–13): dominant follicle growing. (d) Ovulatory (days 13–14):

cumulus oophorus seen in dominant follicle. (e) Early secretory

(day 15 onwards). Corpus luteum. (f) Late secretory. Regression

of corpus luteum.
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Figure 3.29 Doppler spectra of dominant ovarian and uterine

waveforms through the cycle.

Figure 3.30 The uterine artery through the cycle. (a)

Proliferative phase. (b) Postovulatory phase of highest

resistance. (c) Mid to late secretory (or luteal) phase – lowest

resistance

Figure 3.30 (cont.)
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may identify focal abnormalities which may not be
apparent on a midline longitudinal section.

Ultrasound appearances of the normal
endometrium (Fig. 3.27)
During the early proliferative or regenerative stage,
the endometrium appears as a thin reflective line in
the uterine cavity.

At ovulation, the endometrium is hypoechoic,
surrounded by a prominent, highly reflective echo,
giving rise to the term ‘triple-line’ echo sign.6

Just before menstruation, the endometrium can be
visualised as a thick hyperechoic structure passing
centrally down the uterine cavity.

During menses, it is possible to visualise the
endometrial cavity separated by low-level echoes
representing blood and mucus.

Just below the endometrium it is often possible
to see a hypoechoic, subendometrial ‘halo’ which
represents the junctional zone between the endo-
metrium and myometrium (Fig. 3.27g and 3.27h).
This actually consists of normal myometrium7

which comprises tightly packed mucosal cells with
increased vascularity, and should not be included in
the measurement of endometrial thickness.

Peristaltic waves within the endometrium have
been identified on ultrasound, passing towards the
cervix in menses, and towards the fundus in mid-
cycle. These can best be appreciated by playing a
video of the scan at a fast speed.8

The endometrium of a normal postmenopausal
woman is thin (less than 4 mm) and hyperechoic,9

mostly composed of the basalis layer. It is partic-
ularly important when scanning in cases of post-
menopausal bleeding to identifiy the endometrial
echo, and to examine it fully. Lack of a demon-
strable endometrial echo is a highly suspicious find-
ing and may indicate an invasive malignant process
in a small number of cases.

Appearances of the ovary (Fig. 3.28)
During the regenerative and early proliferative stage
the ovaries contain several immature follicles, typi-
cally less than 1 cm, within the ovarian tissue.

As the cycle progresses to ovulation, a dominant
follicle measuring up to 2.0 cm can be seen. It is

possible to have more than one dominant follicle.
In 60–65% of cases, the cumulus oophorus can be
imaged between 12 and 24 hours prior to ovulation.4

Ultrasonically, this appears as a small hyperechoic
focus adherent to the follicular wall (Fig. 3.28d).

The collapsed walls of the dominant follicle are
then apparent during the early secretory phase.
Haemorrhagic changes also occur, demonstrated
as low-level echoes within the collapsing corpus
luteum, which also has a less defined outline. In some
cases, fluid can also be seen in the pouch of Douglas.6

In postmenopausal women, the ovaries shrink and
atrophy, often being more difficult to locate on ultra-
sound. With improvements in technology it is now
common to see small cysts within the postmeno-
pausal ovary and these are of no significance
provided they are small (less than 5 cm) and simple
(anechoic and smooth-walled).10

Haemodynamics of the uterus and ovaries and
the use of Doppler ultrasound

The blood supply to the uterus and ovaries fluctu-
ates throughout the normal cycle. These physiologi-
cal changes can be appreciated using Doppler ultra-
sound (Fig. 3.29).

Both the ovary and endometrium exhibit angio-
genesis – the formation of new blood vessels – dur-
ing the course of the normal cycle. These ‘new ves-
sels’ have low-resistance vasculature characterised
by increased end-diastolic flow velocities with a low
resistance index value. This phenomenon is also well
recognised in pathological processes, such as the
development of malignant tumours,11 and the use
of Doppler is therefore non-specific, particularly in
premenopausal women.

Uterine arteries
The main uterine arteries, located just laterally to
the region of the cervix, have a high resistance
pattern with low end-diastolic flow and a notch
(Fig. 3.30), and should not be confused with the
iliac artery, which lies lateral to the uterine artery.
The common and external iliac arteries exhibit
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Figure 3.31 High-resistance, triphasic waveform from the iliac

artery.

very-high-resistance, triphasic flow with a reverse
component; the internal iliac artery is less pulsatile
but still exhibits a high-resistance, notched wave-
form with very little end-diastolic flow (Fig. 3.31).

Waveforms and resistance index measurements
are more consistently reproducible from the main
uterine artery than from its smaller, low-velocity,
arcuate branches and the artery tends to be
more easily visualised in premenopausal than post-
menopausal patients. Vessels situated within the
uterus, just below the endometrium, are more dif-
ficult to locate as they are of much lower velo-
city. The Doppler waveforms from these are there-
fore of low amplitude and tend to have a poorly
defined envelope, making measurements prone to
error (Fig. 3.32).

In a normal cycle, the resistance of the uter-
ine artery is at its highest (lowest end-diastolic
flow velocity) 1–2 days after ovulation – i.e. around
cycle day 16.12–14 It is at its lowest (having great-
est end-diastolic velocity) during the mid to late
luteal phase. Although it is more difficult to esti-
mate velocity accurately in the tortuous pelvic ves-
sels, an increase in velocity has also been noted dur-
ing the same period. This is thought to correlate
loosely with an increase in uterine perfusion, which
would be logical at this time of possible implantation.

Figure 3.32 Low-velocity waveform from arcuate arteries

within the myometrium.

Figure 3.33 Decreased uterine artery resistance with fibroids.
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Figure 3.34 Decreasing resistance of the ovarian artery through the cycle. (a) Regenerative. (b) Early proliferative. (c) Late

proliferative. (d) Periovulatory. (e) Secretory – wall of corpus luteum.

Although the uterine artery on the dominant side
has been noted to have a slightly lower resistance
index than the contralateral artery,14 there is consid-
erable overlap between the values, and the difference
is small.

Several factors may be responsible for altering
the resistance to flow of the uterine arteries, and
these must be taken into account when interpreting

Doppler information. A lower resistance index is seen
in late luteal phase, in women on hormone replace-
ment therapy, tamoxifen, and in the presence of uter-
ine fibroids (Fig. 3.33). Malignancy such as endome-
trial carcinoma or uterine sarcoma is also associated
with a lower uterine artery resistance index.

Uterine artery resistance increases with age, and
a high resistance index may also be associated
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Figure 3.35 Typically increased vascularity around the wall of

the corpus luteum.

with infertility, including tubal damage and endo-
metriosis.

Ovarian arteries

As with the uterine arteries, but to an even greater
degree, the resistance of the ovarian arteries is
affected by cyclical, physiological changes, which
are much greater in the dominant than the non-
dominant ovary (Fig. 3.29). Downstream resistance
is greatest (lowest end-diastolic flow) during days 1–
8 of the cycle, with maximum resistance occurring
around day 8.14 (Days 1–8, therefore, make a good
‘window’ during which to examine the ovaries of pre-
menopausal women, as low resistance is less likely at
this time and misinterpretation of Doppler informa-
tion is minimised.) Resistance to flow then gradually
decreases from day 8 as the dominant follicle devel-
ops and ruptures around day 14. Resistance is at its
lowest during the luteal phase, days 16–21, with the
wall of the corpus luteum displaying the most intense
colour pattern. It is at this time that the vessels are
technically easiest to visualise. A gradual increase of
resistance is then observed through to the regenera-
tive phase (Fig. 3.34).15,16

These changes are most pronounced in the corpus
luteum (Fig. 3.35).

The contralateral, non-dominant ovary tends to
maintain a relatively high resistance throughout the
cycle. In fact, it may be quite difficult to demonstrate
any colour Doppler at all within the stroma, depend-
ing on the sensitivity of the ultrasound system
used.

Identification of Doppler signals in the ovaries
becomes increasingly difficult in the post-
menopausal woman and usually demonstrates
a low-velocity, high-resistance pattern.

Doppler ultrasound – key points� Doppler information may be used to comple-
ment morphological information and should
never be interpreted in isolation� Normal Doppler waveforms vary with the stage
of the menstrual cycle� With less sensitive equipment, it may be diffi-
cult to visualise any Doppler flow in the ovary,
particularly the non-dominant one� Physiological and pathological Doppler wave-
forms can be indistinguishable� False-positive Doppler results are therefore less
common in postmenopausal women
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Pathology of the uterus, cervix and vagina

Josephine M. McHugo
Birmingham Women’s Hospital, Birmingham

Introduction

Ultrasound is the appropriate first investigation for
the majority of pelvic symptoms in the female. It is
however very operator-dependent and when used
by appropriately trained personnel with appropriate
equipment is cost-effective and safe. Transvaginal
scanning is essential to increase the diagnostic accu-
racy of ultrasound and should be used in all cases
unless there is a specific contraindication, such as in
the paediatric population. It is essential that transab-
dominal ultrasound is also performed in order that
the large fibroid uterus or other masses can be fully
assessed in addition to imaging transvaginally.

There is a need for a meticulous approach to scan-
ning in all cases so that significant pathology is
not missed. The sonographer, having completed the
ultrasound examination, must then issue an appro-
priate report. A structured report is also an essential
part of the examination and should not only include
the biographical details of the patient but also the
salient ultrasound findings, both normal and abnor-
mal, followed by either a definite diagnosis if this is
possible, or a differential diagnosis.

Further investigations or definitive management
can then be arranged.

The sonographer performing the examination
should be clearly identified in the report.

A report that is structured in this way will allow
retrospective audit of the ultrasound findings rela-

tive to operative findings and histology. This audit of
accuracy of the ultrasound to histological outcome
is essential for best practice.

In many situations the accuracy of transvaginal
ultrasound is sufficient for further management of
the patient but in some cases additional imaging
such as magnetic resonance imaging (MRI) will be
appropriate.

This chapter aims to outline the ultrasound find-
ings of the common pathologies of the uterus, cervix
and vagina.

The ultrasound findings must always be inter-
preted in the context of the clinical symptoms, age
and hormonal status of the patient being scanned.
It is therefore essential that each request for a pelvic
ultrasound contains sufficient clinical information.

For clarity, this chapter with be divided into
pathologies involving the myometrium, endome-
trium, cervix and vagina. For the ultrasound to be
clinically useful the sonographer needs to have an
understanding of the information that the referring
clinician requires in order to manage the patient
appropriately. The major decision is whether the
ultrasound abnormality is responsible for the symp-
toms or is an incidental finding.

Similarly there is a need to assess the risk of malig-
nancy. To this end there is a need to work in a mul-
tidisciplinary team, not only for appropriate man-
agement of the individual patient but also to audit
outcome and effectiveness of ultrasound.

C© Cambridge University Press 2005.
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The uterus

Myometrium

Fibroids (leiomyomata)
Fibroids are benign tumours of the smooth mus-
cle of the uterus and are the commonest gynae-
cological tumour, being present in up to 40% of
women over 40 years. There is an increased inci-
dence in women of Afro-Caribbean origin. Fibroids
most commonly occur in the uterine body but are
also found in the cervix or broad ligament. Histologi-
cally they are composed mainly of smooth muscle.
The smooth-muscle fibres are arranged in dense
concentric rings which are well demarcated from
the surrounding normal myometrium, and it is this
arrangement which is responsible for the ultrasound
appearances.

These benign tumours are hormone-dependent,
being associated with relatively high levels of oestro-
gen, and are frequently multiple. The incidence
therefore increases with age until the menopause,
and fibroids do not occur until well after the onset of
puberty. Following the menopause the majority of
fibroids reduce in size. Fibroids often enlarge in preg-
nancy and if they rapidly increase in size may out-
grow their blood supply, resulting in central necrosis
(red degeneration.) As with any ischaemic, necrotic
process this results in considerable pain. Hor-
mone replacement and tamoxifen can also stimu-
late growth. Fibroids, being oestrogen-dependent,
respond to medical management and anti-
oestrogen therapy with gonadotrophin-releasing
hormone antagonist is of benefit to aid fibroid
shrinkage.

Clinical symptoms
The clinical symptoms depend on the size and site of
the fibroids. Fibroids that impinge into the endome-
trial cavity are defined as submucous. Submucous
fibroids distort the uterine cavity and often result in
menstrual problems, usually menorrhagia and dys-
menorrhoea. Fibroids projecting from the outer uter-
ine surface are termed subserosal, as they lie under
the serosal surface of the uterus, and many of these

Figure 4.1 Diagram of fibroids.

remain asymptomatic. Fibroids within the myome-
trial mass that are neither subserosal nor submucous
are termed intramural. Figure 4.1 outlines the poss-
ible sites of fibroids.

In some situations the fibroid may enlarge with
a relatively thin stalk maintaining continuity to the
myometrium. These are termed pedunculated. It
is this continuity with the myometrium which is
important to define with ultrasound, particularly
if the fibroid projects into the broad ligament, as
confusion with adenxal masses can occur if conti-
nuity with the myometrium is not identified. Sub-
mucosal pedunculated fibroids can prolapse into
or through the cervical canal. These present clin-
ically with pain, often dysmenorrhoea, but can
also present with intermenstrual bleeding. Pedun-
culated fibroids, having a relatively narrow stalk, can
undergo torsion which results in compromise of the
vascular supply presenting with acute pain.

An enlarged fibroid uterus can result in pressure
symptoms on the bladder or, if the uterus is retro-
verted, rectal symptoms. A markedly enlarged uterus
presents as an abdominal mass and, rarely, can result
in acute urinary retention. Following the menopause
or after a period of rapid growth and degeneration,
such as in pregnancy, fibroids often regress with the
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Figure 4.2 Posterior fibroid showing distal acoustic

shadowing.

deposition of calcium. The calcium may be either
punctate or circumferential.

Ultrasound appearances
Fibroids may be single or multiple, subserosal, intra-
mural, submucous or pedunculated. These are very
variable but are always well demarcated from the
normal myometrium.

The dense nature of the abnormal smooth-muscle
fibres results in loss of the normal homogeneous
ultrasound appearances of the myometrium [Fig.
4.2) and acts as a stronger reflector than the nor-
mal myometrium. Therefore there is usually a
degree of acoustic shadowing seen posterior to the
fibroid.

This is more marked with a calcified fibroid, which
is a stronger reflector (Fig. 4.3).

The reflectivity relative to the surrounding
myometrium is variable; most is of lower reflectivity,
but increased reflectivity is not an infrequent finding
(Fig. 4.4).

Fibroids show a classical vascular supply with cir-
cumferential vessels, which are easily demonstrated
using Doppler (Fig. 4.5).

The ultrasound report should describe the
site, size and number of fibroids with particular ref-
erence to any distortion of the uterine cavity. It is vital

Figure 4.3 Transabdominal scan of a uterus with calcified

fibroids, demonstrating strong acoustic shadowing.

a

b

Figure 4.4 Sagittal image showing the varying reflectivity of

fibroids: (a) a relative hyperechoic pattern and (b) a

hypoechoic pattern of different fibroids.
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Figure 4.5 Power Doppler of a fibroid demonstrating

circumferential vessels.

Figure 4.6 A submucosal fibroid.

to differentiate an endometrial polyp from a small
fibroid, this being apparent by a combination of
the acoustic pattern and the vascular supply (see
endometrial disease, below) (Fig. 4.6).

In pregnancy the location and size of the fibroid
relative to the cervical canal and the presenting fetal

part are important. A relatively large fundal fibroid
will not obstruct labour whereas smaller cervical
fibroids may.1

A large fibroid uterus can cause a mass effect with
partial obstruction of the distal ureters. Ultrasound
examination of the upper renal tract and bladder
voiding are therefore appropriate for a markedly
enlarged fibroid uterus.

Degenerating fibroids create bizarre ultrasound
appearances with central areas of necrosis showing
as fluid-filled areas. In the acute phase these are very
tender.

Diagnostic dilemmas
A pedunculated fibroid extending into the broad
ligament may suggest a solid adnexal mass – care-
ful examination should demonstrate the continuity
with the myometrium.2

A retroverted normal uterus may suggest a fibroid
on transabdominal scanning. This confusion is read-
ily avoided by transvaginal scanning.

A bicornuate uterus may be confused with a fibroid
but, by careful examination of the endometrial cav-
ities, two separate uterine cavities and the overlying
myometrium will be apparent. Examination in the
later part of the menstrual cycle is particularly help-
ful in this circumstance as the endometrium will be
more readily seen.

Small submucous fibroids may cause cornual
obstruction and infertility secondary to tubal occlu-
sion (Fig. 4.7).

Distortion of the endometrial cavity interferes with
implantation and it is important to identify a nor-
mal cavity prior to embryo transfer in infertility pro-
grammes.

In pregnancy the non-gravid horn of a bicornuate
uterus may appear as a fibroid if the endometrial
cavity in this horn is not appreciated.

Larger fibroids will interfere with the normal
enlargement of the pregnant uterus, resulting in
second-trimester fetal loss, although this is relatively
uncommon.1 Fibroids can undergo rapid growth in
pregnancy, outgrowing the blood supply, resulting in
red degeneration causing acute pain.

A large fibroid low in the uterus can obstruct
labour.
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Figure 4.7 (a) An intracavitary submucosal fibroid,

demonstrating some degeneration, with posterior acoustic

enhancement, in a patient with infertility. (The differential

diagnosis for these appearances would be of an endometrial

polyp.) (b) A cornual fibroid.

A Braxton Hicks contraction in pregnancy may
simulate a fibroid but if the uterus is scanned over
a 20-min period the transient deformity caused by a
contraction will disappear.

MRI of the uterus is extremely helpful and is essen-
tial if embolisation of the fibroids is being consid-
ered. T2 images define the zonal anatomy and read-
ily identify the location of the fibroids in relation to
the endometrial cavity (Fig. 4.8) (Table 4.1).

Leiomyosarcoma
Whether this represents a primary tumour or is
malignant change in a previously benign fibroid
remains an area of debate but in most cases it is
thought to result from malignant change in a benign

Table 4.1 Differential diagnosis of fibroids

Small intrauterine fibroid Adenomyoma Endometrial

polyp –

generally hyperechoic

Large/pedunculated fibroid Solid ovarian mass

Faeces-laden colon

Large-bowel tumour

Lymphoma, lymph nodes

Pelvic kidney Other adnexal

masses – especially ovarian

fibroma

Figure 4.8 Magnetic resonance imaging of fibroids

demonstrating their relationship to the endometrial cavity.

lesion. Its true incidence is unknown but it has a
peak incidence at 50–60 years, being more common
in Afro-Caribbeans and in those on tamoxifen.3

Sarcoma should be suspected when there is a soli-
tary, solid, vascular mass in the myometrium which
lacks the classical, well-demarcated borders of a
fibroid and which shows loss of the circumferential
blood vessels with central, turbulent flow within the
tumour. There may be evidence of a rapid increase
in size if the lesion has been scanned previously.
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Ultrasound evidence of distant spread may be
apparent.

The ultrasound features are non-specific and his-
tological diagnosis is required whenever the suspi-
cion of malignancy is raised.

Congenital abnormalities of the uterus
See Chapter 3. Fusion abnormalities should always
be considered in the differential diagnosis of uterine
abnormalities – many present around the time of
puberty with obstructed features but some remain
asymptomatic and result in confusing ultrasound
appearances unless the sonographer is aware of this
possibility.

Other uterine tumours
The following are all rare.

Mixed Müllerian carcinoma
Histologically this tumour is part carcinoma and
part sarcoma, arising from pluripotential cells of the
Müllerian duct system. There are rapidly invasive
tumours with a poor prognosis and very variable
ultrasound and MRI appearance.4

Uterine metastases
These are uncommon, but primary breast and stom-
ach carcinomas may rarely spread to the uterus.
Ovarian metastatic disease may be associated. Gen-
erally, simple or multiple endometrial masses of
varying echogenicity are found. Abnormal uterine
bleeding is the usual mode of presentation.5

Associated ultrasound features of malignant dis-
ease such as adenopathy should be noted.

Lymphoma
Lymphomatous infiltration of the uterus and cervix
usually presents as part of a generalised lymphoma-
tous disorder. Ultrasound will normally show a focal
echo-poor uterine mass or infiltrate.6 Other signs of
lymphomatous involvement in the liver, spleen and
lymph nodes will suggest the diagnosis.

Lipoma
A lipoma is a rare condition affecting mainly
postmenopausal women with a characteristic, well-

defined, highly echogenic appearance. The MRI
computed tomography (CT) appearance is also char-
acteristic of a fatty tumour.7

Endometrial disease
It is essential to recognise the appearances of the
normal adult (see Chapter 3) and paediatric (see
Chapter 8) in order to understand the spectrum of
changes seen in pathology.

An appreciation of the normal appearances of the
endometrium with respect to the age and hormonal
status of the patient is also essential for an under-
standing of abnormal features seen on ultrasound.
What may be entirely normal in the fertile patient
who has regular cycles will be pathological in the
pre-or postmenopausal patient.

Endometrial disease usually presents with men-
strual disorders: intermenstrual bleeding in the
fertile female and per vaginam bleeding in the
postmenopausal patient. Cervical causes of bleeding
should always be excluded with this symptomatol-
ogy. Direct visual examination and cervical cytology
are mandatory in all cases with menstrual disorders.
Bleeding from other areas of the genital tract, e.g.
the vulva, should be excluded and bleeding from the
bladder and rectum should also be excluded. This
is particularly true in paediatric and elderly patients
where the exact site of the bleeding may be uncertain
from the clinical history.

The aetiologies of abnormal vaginal bleeding are
varied (Table 4.2).

It is essential to have sufficient clinical information
in each patient and this must include the hormonal
status and stage of the menstrual cycle as well as the
presenting clinical symptoms. Fortunately, in most
cases it is possible to elicit this from the patient by
direct questioning if it is not provided by the referring
physician.

Endometrial thickness
The endometrium, regardless of the stage in the
menstrual cycle, should be of regular thickness and
have a regular contour with a sharp, well-defined
border between the endometrium and myometrium.
In the normal postmenopausal patient a low reflect-
ive region between the endometrium and the
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Table 4.2 Aetiology of abnormal vaginal bleeding

Uterus Fibroids

Adenomyosis

Endometrial pathology

Hyperplasia

Polyp

Carcinoma

Pelvic inflammatory disease (PID)

Chronic endometritis

Oestrogen-producing ovarian tumour

Postmenopausal atrophic endometritis

Cervix Chronic cervicitis

Polyp

Carcinoma

Vagina Atrophic vaginitis

Infection

Foreign body (retained tampon, pessary)

Trauma

Carcinoma

Vulva Squamous carcinoma

Melanoma

Other Haematuria or rectal bleeding (mistaken for vaginal bleeding)

Bleeding disorders

Medications – heparin, warfarin

myometrium is apparent (Fig. 4.9). This regular-
ity and boundary are of particular importance.
The endometrial echo texture changes during the
menstrual cycle but the texture should be uni-
form throughout the length of the endometrium.
The measurement of the endometrial thickness is
the maximum double thickness measured on a
sagittal scan. It is vital to relate this measurement
to the remainder of the endometrial thickness as
minor increases can indicate significant pathology
(Fig. 4.10). This is particularly true in the post-
menopausal patient. Focal increases in thickness
usually indicate polyps and interrogating the vascu-
lar supply with colour Doppler is useful as polyps will
have a focal feeding vessel at the base (Fig. 4.11).

In the postmenopausal patient, an endome-
trial thickness greater than 4 mm is considered
abnormal.8–10

In the menstrual years a thickness of up to 14 mm
is considered normal (Table 4.3).

Figure 4.9 Sagittal scan showing the hypoechoic area between

the thin, regular line of the endometrium and the

homogeneous echo pattern of the myometrium. Note the

calcification in the arcuate vessels of the uterus – a normal

finding in the postmenopausal female.

Figure 4.10 Focal endometrial thickening due to a polyp.

Abnormal focal thickening of the endometrium or
focal abnormalities suggesting a submucous fibroid
can be further investigated by the instillation of nor-
mal saline via a transcervical catheter (saline infu-
sion sonohysterogram)11 (Fig. 4.12). In this tech-
nique a soft catheter is placed under direct vision
into the uterine cavity via the cervix. Once in posi-
tion, normal saline is instilled into the uterine cavity
at the same time as a transvaginal scan is being per-
formed (Fig. 4.13). The fluid in the cavity accurately
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Table 4.3 Endometrial thickness

Thin Premenarche

Cyclical change during menstrual cycle

Oligomenorrhoea/amenorrhoea

Oral contraceptive pill

Post transcervical endometrial resection

Thick Cyclical change during menstrual cycle

Endometrial hyperplasia

Endometrial polyp

Endometrial carcinoma

Medications hormone replacement

therapy, tamoxifen

Dysfunctional uterine bleeding

Apparent or

pseudo-thickness

Retained products of conception

Trophoblastic disease

Haemato/pyometra

Figure 4.11 Doppler scan showing the vascular supply to an

endometrial polyp.

demonstrates the endometrium.12,13 This technique
is increasingly employed by clinicians, but for many
the advent of outpatient hysteroscopy is a procedure
that is not only diagnostic but also allows biopsy
and hysteroscopic polypectomy and is therefore

Figure 4.12 Saline infusion hysterosonography, demon-

strating the balloon catheter within the lower part of the uterus

and saline outlining the endometrial cavity.

Figure 4.13 Saline within the uterine cavity outlines a small

posterior endometrial polyp.

considered more appropriate.14 However saline
hystersonography is an appropriate option for mon-
itoring tamoxifen if MRI is not employed.

Endometrial polyp
This is a common disorder, being found in 10%
of women, and is defined as overgrowths of the
endometrial glands, stroma and blood vessels that
project into the cavity (Figs. 4.13 and 4.14).

They are frequently multiple on histology. The
ultrasound appearances are of focal endometrial
thickening, often with some cystic changes of the
endometrium with feeding vessels seen at the
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Figure 4.14 Hysteroscopy of a polyp.

Figure 4.15 Ultrasound of a polyp with a feeding vessel

(arrowhead) on power Doppler.

base (Fig. 4.15). The echogenicity is similar to
the endometrium, which should distinguish these
polyps from submucosal fibroids, in which the
echogenicity is usually reduced.

Pedunculated endometrial polyps may protrude
into the cervical canal.

Ultrasound appearances. Polyps may be single
or multiple, and are frequently small – usually < 1 cm.
They tend to be hyperechoic, sometimes contain-
ing small cystic spaces. A feeding vessel can often be
demonstrated from the base using colour or power
Doppler.

Investigation of postmenopausal bleeding
This is a common symptom, resulting in 5% of gynae-
cological referrals.10

The aetiology of these symptoms is mainly from
an atrophic endometrium in which the superficial
blood vessels are friable and unsupported by the
surrounding connective tissue, resulting in bleed-
ing. In this case the endometrium is thin on ultra-
sound. Other causes of postmenopausal bleeding
result in endometrial thickening and for the major-
ity this is benign disease, but in 10% of symptomatic
postmenopausal women endometrial carcinoma is
present.

The measurement of endometrial thickness on
ultrasound, using > 4 mm as the cut-off for abnor-
mal, has an excellent negative predictive value in
excluding endometrial pathology. However it has a
poor positive predictive value for endometrial car-
cinoma or hyperplasia, therefore transvaginal ultra-
sound is employed as a first-line screening tool in the
investigation of postmenopausal bleeding to exclude
significant endometrial pathology. A positive ultra-
sound, when the endometrium is > 4 mm, requires
further diagnostic investigation. Further demonstra-
tion of the endometrial–myometrial border, and
irregularity of the endometrium, allows the detec-
tion of significant pathology when the thickness is ≤
4 mm.

When the postmenopausal endometrium is
atrophic, the ultrasound findings are of a thin
endometrial stripe (Fig. 4.16).

Endometrial hyperplasia
Histologically four types of hyperplasia are seen in
postmenopausal women:
1. metaplasia (usually squamous)
2. simple cystic hyperplasia
3. complex (adenomatous) hyperplasia
4. complex hyperplasia with atypia
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Figure 4.16 Scan showing thin and regular atrophic

endometrium in a postmenopausal woman.

This normally results from excessive oestrogen
stimulation (both endogenous and exogenous) and
with unopposed progesterone there is an increased
risk of endometrial cancer.15 Tamoxifen, being
weakly oestrogenic in postmenopausal women,
increases the risk by two to six times.16 Additional
risk factors for endometrial carcinoma are obesity,
diabetes and nulliparity.

The preinvasive nature of endometrial cancer is
well established. The malignant potential of simple
hyperplasia is 1–3% over 15 years, that of complex
hyperplasia is 3–4%, and that of atypical hyperplasia
is 23%.17

Endometrial carcinoma
This is the commonest gynaecological malignancy,
with a peak incidence between 60 and 70 years. It
is rarely seen before the menopause: only 3% of
patients present under 40 years. The classification
is based on the histological cell type – most are ade-
nocarcimomas.

The tumour is manifest early in the disease pro-
cess by symptoms of postmenopausal bleeding and
is present in 10% of patients with this symptom.

It is essential in patients with per vaginam blood
loss to exclude other causes of bleeding. Direct visual
inspection of the cervix and cervical cytology is
mandatory. Vulval causes of bleeding, e.g. squamous

Table 4.4 International Federation of Gynecology and

Obstetrics (FIGO) classification of endometrial cancer

staging

Stage I Carcinoma confined to the corpus

IA The length of the uterine cavity is 8 cm or less

IB The length of the uterine cavity is greater than 8 cm

Stage II Carcinoma has involved corpus and cervix but has

not extended outside the uterus

Stage III Carcinoma has extended outside the uterus but not

outside the true pelvis

Stage IV Carcinoma has extended outside the true pelvis or

has obviously involved the mucosa of the bladder

or rectum

IVA Carcinoma has spread to adjacent organs

IVB Carcinoma has spread to distant organs

carcinoma or melanoma, need to be considered, as
do other non-genital bleeding sites, particularly the
bladder or rectum. This is particularly true in the
elderly when the origin of the bleeding is less cer-
tain from the clinical history.

Ultrasound findings Endometrial carcinoma has
a thickened endometrium. The endometrial–myo-
metrial border is irregular and there is loss of
homogenicity of the endometrium.

Asymmetry of the myometrial thickness (indicat-
ing myometrial invasion) can also be demonstrated.

Disordered, turbulent intratumoral blood flow
can be seen on colour or power Doppler (Fig. 4.17a
and b).

As the disease is clinically apparent early in the
disease process, spread to the broad ligament and
lateral pelvic wall is rarely seen at presentation.

Staging, and hence prognosis and treatment,
depends on myometrial invasion. Although this can
be inferred by the depth of the myometrium seen on
ultrasound, this is less accurate than MRI, which is
the investigation of choice for staging (Fig. 4.18).

Endometrial cancer staging The tumour is staged
clinically using the International Federation of
Gynecology and Obstetrics (FIGO) classification
(Table 4.4).
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c

Figure 4.17

Figure 4.18 Magnetic resonance imaging demonstrating

carcinoma of the cervix.

Medication
Oral contraceptive pill Generally, oestrogen and
progesterone are combined and administered in a
cyclical fashion. The endometrium may be expected
to be thin and varies little during the menstrual
cycle. Occasionally, slight uterine enlargement may
be noted and multiple small randomly arranged cysts
may be seen in the ovaries.

Hormone replacement therapy (HRT) HRT is
commonly used for the treatment of menopausal
symptoms and is also used in the treatment of
premature ovarian failure. Many preparations are
available but most combine oestrogen and pro-
gesterone and are given in a cyclical, sequential
manner. Consequently cyclical changes in endome-
trial thickness are observed ultrasonographically
with a thickness of up to 15 mm in the oestro-
gen phase, and the endometrium being relatively

←
Figure 4.17 (cont.) (a) Abnormal, thickened and irregular

endometrium with echogenic fluid from carcinoma of the

endometrium. (b) Vascular supply to the solid areas in

carcinoma of the uterus. (c) Early endometrial carcinoma

demonstrating an irregularly thickened endometrium with

indistinct margins on ultrasound.
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Figure 4.19 Sagittal scan of the uterus showing typical features

of the endometrium, which is thickened with some cystic

changes, in a patient taking tamoxifen.

less thick in the progesterone phase. Ultrasound
assessment of endometrial thickness is best per-
formed immediately after the progesterone phase
of the cycle when the endometrium is likely to be
thinnest. The majority of patients are scanned for
unscheduled bleeding on HRT. The most important
ultrasound sign in this group to suggest endometrial
pathology is irregularity of the endometrium with
abnormal vascularity.

Tamoxifen Tamoxifen is an oral synthetic antioe-
strogen compound with mild oestrogenic effects
on the uterine properties. It is used as an adju-
vant chemotherapeutic agent in the treatment of
breast cancer. Tamoxifen, due to the oestrogenic
effects, causes endometrial metaplasia, hyperpla-
sia and carcinoma.18 In patients receiving tamoxifen
therapy, the normal risk of developing endometrial
carcinoma is increased sixfold, with both pre- and
postmenopausal women being affected.19 Fifty per
cent of women taking tamoxifen will develop some
type of endometrial pathology after 6–36 months of
treatment.20

Tamoxifen has characteristic ultrasound appear-
ances of endometrial thickening with multiple
abnormal small cystic spaces within the abnormal

endometrium (Fig. 4.19). In addition it causes suben-
dometrial cysts which can be indistinguishable from
the endometrium on ultrasound. Therefore the true
endometrial thickness is overestimated by ultra-
sound.

Ultrasound is therefore unreliable in the pre-
diction of endometrial pathology in symp-
tomatic women on tamoxifen. These women
require histological correlation, which is best per-
formed under direct hysteroscopic vision. Saline
hysterosonography21 (Fig. 4.20) is helpful in mon-
itoring the endometrial irregularity more accurately
but MRI is best as it differentiates the endometrium
from the subendometrial cysts.

Ultrasound appearances The endometrium is
thickened – almost always >10 mm. In addition it
may be hyperechoic, irregular in outline, with cystic
areas (<5 mm) and there may be polyps.

Gestational trophoblastic disease
This results from abnormal trophoblastic tissue and
is therefore always associated with the products of
conception, usually presenting with symptoms of
pregnancy and no discernible fetus.

Three entities are recognised:
1. molar pregnancy
2. invasive mole
3. chorion carcinoma
These subdivisions can be considered as types with
increasing invasive propensities: choriocarcinoma is
the most invasive, with early lung metastases.22

In the majority the genetic make up of the tissue is
of paternal origin. The abnormal trophoblastic tis-
sue secretes high levels of beta-human choriono-
gonadotrophic (�HCG) hormone, resulting in symp-
toms of nausea and vomiting. The abnormal tissue
is prone to bleeding and per vaginam blood loss is a
common symptom.

Ultrasound features of all types are of an endome-
trial mass with cystic spaces (Fig. 4.21). The high
�HCG levels are associated with thecal luteal cysts
of the ovaries.23
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Figure 4.20 (a) Saline infusion hysterosonography of a

tamoxifen endometrium, showing subendometrial cystic

hyperplasia. (b) Cystic change on ultrasound in the

endometrium of a patient on tamoxifen. (c) A polyp in a

patient on tamoxifen, demonstrating cystic change.

Figure 4.21 An area of trophoblastic invasion in the lower

uterus, with peripheral vascularity demonstrated on colour

Doppler.

Choriocarcinoma Choriocarcinoma is treated by
curettage and methotrexate therapy. Response and
recurrence are monitored with serum �HCG levels,
which allow excellent assessment of the response,
of the disease to treatment. MRI and CT are use-
ful to check for distant spread, most particularly
to the lungs. Chemotherapy produces an excellent
response, with a 90% cure rate.

Inflammatory conditions
Acute endometritis This condition is most com-
monly seen in the postpartum uterus, usually asso-
ciated with retained products of conception which
act as the foci for the infection. Similarly, postuter-
ine instrumentation, including suction termination
of pregnancy, is a significant risk factor.

The ultrasound appearances are of an enlarged
tender uterus showing loss of the endometrial
myometrial borders and echogenic retained prod-
ucts if present. There is a diffuse increase in the
vascularity of the uterus due to the acute infec-
tion. If extensive, there will be additional signs of
pelvic infections such as free or loculated fluid and
the ultrasound signs of a tubo-ovarian abscess. The
patient will be acutely unwell with fever and an ele-
vated white cell count.24
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Postoperative conditions
It is essential to have an understanding of the type of
gynaecological surgery performed in order to under-
stand the normal and abnormal postoperative fea-
tures seen with ultrasound. It is normal to have a
small collection of blood at the vault of the vagina
immediately postoperatively following a hysterec-
tomy and in a subtotal hysterectomy the cervix is left
in situ. Abnormal postoperative collections are usu-
ally haematomas but these may become infected.

Ultrasound signs of infection include septation,
echogenic fluid and increasing tenderness. In this
situation ultrasound guided per vaginam drainage
may be appropriate.

Post-caesarean section Following a lower-
segment caesarean section, the uterus will usually
appear entirely normal after 6 weeks. But in some
patients, a small anterior deformity will be seen
at the junction of the middle and lower uterine
segments at the site of the surgical incision. This
may have the ultrasound appearance of a small
fibroid but its site and the clinical history should
suggest the diagnosis. This minor abnormality is
clinically insignificant (Fig. 4.22).

Adenomyosis Adenomyosis, in which ectopic
endometrium ‘invades’ the myometrium, may be
considered a variant of endometriosis. The two con-
ditions are known to coexist in 20% of affected
patients. Histologically, ectopic endometrial glands
and stroma are found in the myometrium. The typ-
ical patient will be a multiparous woman in her 40s
presenting with menorrhagia and dysmenorrhoea.
This presentation contrasts with that of endometrio-
sis whereby a nulliparous, infertile woman in her 20s
or 30s is most likely to be affected. Adenomyosis may
be associated with previous dilatation and curettage
(D&C), caesarean section or elevated oestrogen lev-
els. The disease is usually generalised but occasion-
ally a localised focus, termed an adenomyoma, may
be found.25

Ultrasound appearances The ultrasound appear-
ances are variable and non-specific but usually there

a

b

Figure 4.22 (a) Post-caesarean-section scar on ultrasound

(arrow). (b) This lower-segment caesarean-section scar fills

with fluid during a saline infusion hysterosonogram.

is slight enlargement of the uterus with loss of the
homogenicity of the myometrium, without specific
features of discrete fibroids. Occasionally tiny cys-
tic areas within the myometrium can be discerned
on transvaginal ultrasound, and hyperechoic areas,
probably corresponding to areas of cyclic haemor-
rhage, have also been reported.

MRI is more specific and is the diagnostic imaging
modality of choice (Fig. 4.23).

Asherman’s syndrome
Intrauterine synechiae, or adhesions, result from
overenthusiastic endometrial curettage during or
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Figure 4.23 (a) The ultrasound features of adenomyosis may

be subtle. This uterus is enlarged, with a heterogeneous

myometrial texture and a slightly irregular endometrium.

(b) Magnetic resonance imaging demonstrating adenomyosis.

following pregnancy. During the pregnancy the
endometrium is more friable than normal and this
may allow the complete removal of focal areas of
endometrium. As a result, single or multiple bands
of fibrous tissue completely or partially traverse the
endometrial cavity. Similar adhesions may develop

Figure 4.24 Asherman’s syndrome demonstrating synechiae

on saline infusion.

post-myomectomy or post-caesarean section and in
association with infection, i.e. endometritis, tuber-
culosis and schistosomiasis.

These adhesions may be an incidental finding at
ultrasound but the patient may present with a his-
tory of dysmenorrhoea, oligomenorrhoea, infertility
or recurrent miscarriage.

On ultrasound, the adhesions are usually seen as
very small echogenic foci related to the endome-
trial cavity.26 If there is fluid in the cavity, the adhe-
sions may be better and more conclusively demon-
strated. It is best diagnosed following saline infusion
(Fig. 4.24).

Generally the diagnosis will be confirmed at hys-
terosalpingography or hysteroscopy, at which time
the adhesions may be divided.

Intrauterine contraceptive device (IUCD)
These are a common form of contraception.
Transvaginal ultrasound is the investigation of
choice to locate the device. It should be situated high
in the uterine cavity and placement outside of this
should be considered abnormal and more likely to
be ineffective. It is important to be aware of the dif-
fering ultrasound appearances of the various types
of devices. This is particularly true of the Mirena
coil, a device impregnated with levonorgestrel which
is widely used for the symptomatic treatment of
menorrhagia as well as for contraception. With the
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Figure 4.25 An intrauterine contraceptive device in the

endometrial cavity.

Mirena the long arm is more echogenic than the T
arm and for the unwary the ultrasound appearances
suggest a coil that is abnormally low in the cavity.

Ultrasound appearances of IUCD The IUCD is
usually a strong reflector with posterior acoustic
shadowing (Fig. 4.25), lying within and along the
endometrial cavity.

Abnormal positions There is approximately a
1:2000 risk of perforation of the device, usually into
the myometrium, at insertion. In this situation the
IUCD may be shown to lie outside the uterine cavity,
i.e separate to the endometrium, rather than within
it (Fig. 4.26).

Coils outside the uterus are rarely seen with ultra-
sound and any investigation where the coil cannot
be identified with ultrasound merit an abdominal X-
ray.

It is important to remember that even with the
IUCD correctly sited pregnancy can occur and in this
situation there is also an increased risk of an ectopic
pregnancy.

The cervix

Investigation of cervical pathologies is by direct
vision and cytology, although transvaginal scan-
ning in the pregnant and non-pregnant female will

a
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Figure 4.26 (a) Sagittal transvaginal scan showing an

intrauterine contraceptive device (IUCD) penetrating the

myometrium. (b) Sagittal transabdominal scan showing a

7-week gestation sac with an IUCD located in the cervix.

demonstrate the cervix if this area is carefully exam-
ined. However MRI with its excellent tissue charac-
terisation is the imaging modality of choice.

Benign conditions
Nabothian cysts
These are epithelial inclusion cysts which develop
in the endocervical canal, and are most commonly
found in the perimenopausal period. These cysts
develop as a result of chronic cervicitis which causes
obstruction of the endocervical glands, resulting in
retention of secretions. Nabothian cysts are asymp-
tomatic and clinically insignificant.

Ultrasound appearances Nabothian cysts gen-
erally occupy a central position relating to cervical
canal. They may be single or multiple (Fig. 4.27) and
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Figure 4.27 (a and b) Multiple nabothian cysts in the cervix.

(c) One of these nabothian cysts contains echoes and

debris.

a

b

Figure 4.28 (a) A cervical fibroid (arrowsheads). The

differential diagnosis on these appearances would be of a

cervical polyp. (b) Cervical fibroid in a pregnant patient may

potentially obstruct labour.

the size varies from a few millimetres to several
centimetres, but they are generally < 1 cm.

They are usually echo-free, but some will contain
confluent internal echoes.

Cervical fibroid
Cervical fibroids are uncommon, accounting for 8%
of fibroids, the majority being in the uterine body.
Most are small and asymptomatic with the same
ultrasound features as the uterine fibroids described
earlier in this chapter. However, when large cervi-
cal fibroids may be symptomatic due to their mass
effect by producing either bladder compression with
urinary frequency or in the pregnant patient by caus-
ing obstruction to labour (Fig. 4.28). MRI may be of
value in clearly defining the position and size of the



Pathology of the uterus, cervix and vagina 71

a

b

Figure 4.29 (a) Cervical polyp: hypoechoic area seen in the

upper cervical canal. (b) Small endocervical polyps

surrounded by a tiny amount of fluid in the cervix.

fibroid, particularly in late pregnancy, where ultra-
sound may not provide adequate visualisation of a
cervical mass.

Cervical polyp

Clinically, cervical polyps are asymptomatic or
present with intermenstrual bleeding and/or dys-
menorrhoea. These polyps are benign and develop
from hyperplastic cervical epithelium which results
from chronic cervicitis. The polyps are generally
small, measuring less than 1 cm, and appear
echogenic ultrasonographically (Fig. 4.29). They may
be pedunculated and occasionally may prolapse into
the vagina where they may be mistaken for peduncu-

Figure 4.30 Echogenic small posterior cervical fibroid.

lated endometrial polyps, or pedunculated submu-
cosal fibroids (Fig. 4.30). Occasionally, colour flow
Doppler may demonstrate a vascular pedicle.

Congenital cystic remnants of mesonephric origin
are rarely seen.

Cervical carcinoma
Cervical carcinoma is the second most common
malignancy in the UK, with 4000 new cases per year.
This disease is often associated with multiple sexual
partners from an early age and, as such, is increas-
ing in frequency. Both cervical carcinoma and the
preinvasive forms are associated with the human
papillomavirus and herpes simplex type 2 virus. The
average age of diagnosis is 45 years but increasingly
younger women are involved. Histologically, 90% are
squamous cell carcinomas arising from the ecto-
cervix, with 10% being endocervical adenocarcino-
mata. Other forms of tumour are very rare.

The diagnosis is generally made clinically and his-
tologically with many patients being identified by the
National Screening Programme. Carcinoma-in-situ
is a precancerous condition. Patients with advanced
disease present with abnormal uterine bleeding,
whether intermenstrual or postmenopausal, and/or
with a vaginal discharge.

The tumour spreads via the lymphatics to the
parametra and to local pelvic lymph nodes. Subse-
quently, these will spread to the iliac and para-aortic
lymph nodes. The tumour metastasises haemato-
logically to the liver and lungs but this is a late
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Table 4.5 FIGO staging of cervical carcinoma

Stage 0 Carcinoma-in-situ

Stage I Carcinoma confined to cervix

IA Microinvasive (only diagnosed histologically)

IB Clinically invasive carcinoma confined to cervix

Stage II Carcinoma extends beyond the cervix but has not extended

to the pelvic side wall. The carcinoma involves the vagina

but not the lower third

IIA No obvious parametrial involvement

IIB Obvious parametrial involvement

Stage III Carcinoma has extended to the pelvic side wall and/or the

lower third of the vagina

IIIA Lower third of the vagina involved

IIIB Extension to pelvic side wall and/or hydronephrosis

Stage IV Carcinoma has extended beyond the true pelvis and/or has

clinically involved the bladder or rectum

IVA Biopsy proves bladder or rectal tumour

IVB Distant metastases beyond the pelvis

occurrence. Due to the close proximity of the tumour
to the ureters, entrapment and invasion are com-
mon. This leads to hydroureter and hydronephrosis
and renal impairment if bilateral. Nephrostomy or
urinary stenting may be required in order to prevent
renal failure.

Although transvaginal and transrectal ultrasound
has some value in the staging of cervical carcinoma,27

MRI must be regarded as the gold standard. Clinical
staging and MRI may be combined in the manage-
ment of the disease. The well-accepted FIGO staging
is detailed in Table 4.5.

Generally, stage I and IIA tumours will be treated
surgically with or without adjuvant radiotherapy.
Stage IIB and above tumours are generally treated
with radiotherapy whether external, intracavitary or
both.

Ultrasound appearances Early tumours are not
ultrasonographically identifiable. Slightly more
advanced tumours may be evidenced by cervical
enlargement with a variable alteration in echotex-
ture. At this stage, the tumour may be mistaken for
a cervical fibroid. It must be remembered that col-
poscopy is the diagnostic investigation for suspected
cervical neoplasia and ultrasound has no role in the

a

b

Figure 4.31 (a) Hydrometra: fluid is seen within the uterine

cavity with a thin and regular endometrium. (b) Lower-

segment transabdominal scan of a stage 4 cervical carcinoma.

detection of cervical malignancy outside of the fortu-
itous investigation of the symptomatic patient with
per vaginam bleeding.

Irregularity of the cervical margin suggests
parametrial invasion. Generally the uterine body
and endometrial canal will appear normal. However,
when cervical stenosis results from tumour infiltra-
tion of the cervical canal, an obstruction of the cervi-
cal canal and endometrial cavity may result in a col-
lection of fluid (Fig. 4.31). Usually the amount of fluid
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Table 4.6 Causes of cervical stenosis

Malignancy Cervical carcinoma

Endometrial carcinoma

Iatrogenic Cone biopsy

Post-radiotherapy

Obstetric trauma

Postmenopausal atrophy

Benign uterocervical pathology Polyp

Fibroid

in the cervical canal is small, although more signifi-
cant collections may occur in the uterine cavity and a
pyometra or haematometra may develop (Fig. 4.32).
Regional lymphadenopathy may be apparent with
enlarged pelvic lymph nodes being best visualised
transvaginally. The examination should be extended
to the upper abdomen in order to visualise the kid-
neys to check for hydronephrosis. The para-aortic
area should be examined for lymphadenopathy and
the liver examined for metastatic disease.

Hydrometra and pyometra may be seen at the time
of diagnosis, post-treatment or, in the elderly patient,
often many years after the successful treatment of
the disease. Fluid collects in the uterine cavity due
to chronic cervical narrowing either from radia-
tion fibrosis or age-related stenosis. Advanced pri-
mary or recurrent disease may present with haema-
turia and urinary symptoms and ultrasound may
show evidence of bladder invasion by the tumour
(Fig. 4.33).

MRI is the investigation that defines tumour bulk,
spread and recurrence most effectively, although
ultrasound can be used to monitor renal dilatation.

Cervical stenosis
The causes of cervical stenosis are varied (Table 4.6)
and a good clinical history is often required in order
to elucidate the cause. However, whatever the cause,
the clinical picture and the ultrasound appearance
are likely to be similar. When obstruction allows

→
Figure 4.32 (a) Scan showing echogenic fluid within the

uterine cavity in a tender uterus. (b) Haematometra – blood

and clots are seen in the endometrial cavity.

(c) Hydronephrosis as a result of obstruction of the ureter in

the pelvis.

a

b

c

Figure 4.32
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Figure 4.33 Thickened, abnormal bladder mucosa in

malignant involvement of the bladder from carcinoma of the

cervix.

Figure 4.34 Hydrometra in a postmenopausal uterus – a

normal finding.

Table 4.7 Uterine fluid collections

Infancy and childhood Hydro/haematometrocolpos

Physiological Menstruation

Postmenopausal

Pregnancy Normal early pregnancy

Ectopic

Haemorrhage

Retained products of conception

Post-instrumentation

Cervical stenosis (see above)

Intrauterine pathology Endometrial carcinoma

Endometrial hyperplasia

Endometrial polyp

Pelvic inflammatory disease Endometritis

a significant amount of fluid to collect within the
endometrial cavity, according to the type of fluid, the
appearance is variously named as follows:� hydrometra: serous fluid� haematometra: blood� pyometra: pus
In the case of pyometra, if gas-forming organisms
are the cause of infection, then gas may be seen in
the uterine cavity. In pyometra the uterus will be ten-
der and the patient may have symptoms of infection,
although chronic infections are often asymptomatic.

It must be remembered that a small amount of
fluid seen in the postmenopausal uterus is normal as
a result of atrophic cervical stenosis. This fluid can
be useful in defining the endometrium (Fig. 4.34).

Uterine/endometrial fluid
The causes of fluid in the endometrial cavity may be
physiological or pathological (Table 4.7)

Ultrasound appearances When there is fluid in the
uterus it may be enlarged, with a distended endome-
trial cavity. The cervical canal may also be distended
with fluid. The fluid may contain internal echoes,
debris or fluid–fluid levels or gas.

An associated tumour mass may be apparent, for
example endometrial, outlined by fluid.

Dilation of the cervical canal is a relatively straight-
forward procedure which will allow drainage of
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Figure 4.35 Air in the vagina.

the abnormal fluid. However, where malignancy is
involved, further investigations will be required.

The vagina

Vaginal pathology is generally recognised and inves-
tigated clinically. However, vaginal abnormalities are
often diagnosed coincidentally at ultrasound exam-
ination, generally transabdominally as the vagina is
not as well-visualised transvaginally due to its close
proximity to the probe. Perineal examination may be
more appropriate.

Ultrasound has a significant role to play in
the investigation of congenital abnormalities (see
Chapter 8).

Ultrasound can be useful in the investigation of
retained tampons or other foreign bodies, although
MRI is often required to assess these further, partic-
ularly in the paediatric age group.

Air may be visible in the vagina following instru-
mentation or sexual intercourse. This has the typical
appearance of gas and is seen as flashing brightly
echogenic foci in the upper vaginal vault (Fig. 4.35)
and may indeed outline the cervix as seen in axial
section. Similarly, an air-containing tampon may be
visualised in the vagina transabdominally at ultra-

Figure 4.36 Sagittal image showing the strong reflection from

a tampon in the vagina.

Figure 4.37 Transverse scan through the vagina showing a

vaginal ring pessary, with strong acoustic shadowing.

sound as a strongly reflective lower structure pro-
ducing acoustic shadowing (Fig. 4.36).

A vaginal pessary used in the treatment of uter-
ine prolapse will be readily identified transabdom-
inally. The superior and inferior margins of the ring
are seen in the upper vagina on a sagittal section and
the two lateral margins of the ring are seen in an axial
plane. The ring will produce strong acoustic shadow-
ing (Fig. 4.37).
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Vaginal fluid collections
A small collection of fluid is not an uncommon find-
ing at transabdominal ultrasound. This is most com-
monly seen at the time of menstruation. In a small
child, small amounts of urine may occasionally be
visualised following micturition. In the adult, urin-
ary incontinence, a urinary fistula or an ectopically
sited ureter may result in urine pooling in the vagina.
Occasionally, extravaginal fluid collections such as
paravaginal haematoma or urethral cyst may com-
press the vagina and give the erroneous impression
of a vaginal fluid collection.

Haematocolpos Obstruction of the vagina will
allow collection of fluid within. This usually occurs in
young women post-menarche whereby the monthly
menstrual blood collects in the vagina due to the lack
of exit. The obstruction may lie distally at the level of
the introitus, due to an imperforate hymen, or may
result from a more proximal vaginal atresia, stenosis
or the presence of a vaginal septum. These patients
generally present with cyclical low abdomimal pain
and amenorrhoea, lasting for some years after the
expected date of the menarche. A lower abdom-
inal mass may also be present. A similar condition
is sometimes seen in infants or young children and,
indeed, has been diagnosed antenatally. In this group
of patients, the influence of the maternal hormones
may be partially responsible for the condition (see
Chapter 8).

When haematocolpos is associated with an
anomaly of the genital tract, a thorough examination
of the urinary tract is essential as in approximately a
third of cases renal anomalies may be present. Uni-
lateral renal agenesis or renal ectopia is the most
likely anomaly to be found.

Ultrasound appearances A medium to large-sized
cystic mass may be seen lying centrally in the lower
abdomen. It should generally be possible to demon-
strate continuity with the uterus and, indeed, the
fluid may outline the ectocervix (Fig. 4.38). The mass
has a thin wall and may contain fine internal echoes
due to presence of altered blood. The appearance of

Figure 4.38 Fluid and blood clots distend the vagina in

haematocolpos.

Figure 4.39 Magnetic resonance imaging scan showing

haematocolpos.

the fluid may be very similar to that of an endometri-
otic cyst. Translabial ultrasound may be of value
in demonstrating the length of the stenotic seg-
ment from the introitus.28 MRI is also of value in
this situation, with the information obtained allow-
ing for accurate planning of reconstructive surgery
(Fig. 4.39).
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Figure 4.40 Three-dimensional ultrasound image

demonstrating the endometrium.

Three-dimensional (3D) ultrasound
The role of 3D in gynaecology has yet to be estab-
lished but is increasingly used, in particular to define
the shape and volume of the endometrium in three
dimensions (Fig. 4.40).29 However, MRI remains
superior and therefore the use of 3D is more likely
in situations when access to MRI is limited.
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Pathology of the ovaries, fallopian tubes and adnexae

Damian J. M. Tolan and Michael J. Weston
St James’s University Hospital, Leeds

Introduction

Ultrasound has become an essential part of the
gynaecological evaluation of the adnexae (which
comprise the ovaries, fallopian tubes and broad liga-
ment). In this chapter we will discuss the pathology,
ultrasound imaging features and aspects of manage-
ment of a range of conditions affecting the adnexae
and conditions that may mimic adnexal pathology.
We will concentrate on important or common con-
ditions, with particular emphasis on the ovaries.

Clinical presentation

Patients referred for ultrasound examination of
the pelvis may present with a range of symp-
toms. Pain is common and may be related to
ovulation (mittelschmerz), menstruation (partic-
ularly in endometriosis) or intercourse (dyspareu-
nia). Chronic pain may indicate pelvic inflammatory
disease (PID) and acute severe pain may herald an
emergency in the form of ovarian torsion or ectopic
pregnancy. However some women complain of pres-
sure rather than pain, often related to masses caus-
ing compression and displacement of pelvic organs.
The close proximity of the adnexae to other organs
may produce gastrointestinal or renal tract symp-
toms, which may misdirect the clinical evaluation
away from the real cause for the complaint. Bloating

and distension, though non-specific, are symptoms
that may suggest ascites or massive ovarian tumours.

Alteration to the normal menstrual cycle, with
irregular bleeding or amenorrhoea, and infertility or
subfertility are further indicators of ovarian pathol-
ogy ranging from polycystic ovary syndrome (PCOS)
to hormone-secreting tumours.

Increasingly, with improvement in technology and
increase in the demand for examinations, pathology
is being discovered incidentally on imaging exam-
inations for unrelated complaints. This emphasises
the point that important ovarian pathology is often
asymptomatic and helps to explain why ovarian can-
cer is known as the silent killer, resulting from the late
presentation of many cases and the apparent lack of
symptoms in the early phase of disease.

Essential patient details

Prior to scanning the patient should be interviewed
to discuss her presenting symptoms and to obtain
information essential to the correct interpretation of
the scan. This should include the following details:� patient’s age – as adnexal masses in premenarchal

or older postmenopausal women are more likely
to be malignant� date of the first day of the last period and normal
length of cycle� menstrual status (premenarchal, pre- or post-
menopausal)

C© Cambridge University Press 2005.
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� medications (including hormone replacement,
oral or depot contraceptives and tamoxifen)� gynaecological history, including previous opera-
tions

Acceptability of transvaginal scanning should be
ensured in an appropriate setting prior to scanning.

Benign physiological (functional) cysts

Cyst formation in the ovary is a normal consequence
of ovarian function. These physiological cysts arise
from the hormone-regulated development of folli-
cles within the ovary. Larger cysts result from physi-
ological over-stimulation of a dominant graafian fol-
licle and are a cause of concern because they may
mimic more serious pathology.

Follicular cysts

These are the commonest clinically detectable ovar-
ian masses and one of the most common causes of
an ovarian mass on ultrasound. They arise within an
ovary because of a failure of the mature Graafian fol-
licle to rupture and release the ovum. Typically, rup-
ture occurs when the follicles reach 2.5 cm in diame-
ter. However follicular cysts continue to grow under
hormone mediation and may reach up to 8–10 cm in
diameter in some cases.

The typical appearance is of a unilocular cyst
over 3 cm in diameter with a thin, smooth wall
and echo-free fluid within it (Fig. 5.1). Some normal
cysts may undergo haemorrhagic change, producing
echogenic fluid.1 The normal history is of sponta-
neous regression within 4–6 weeks. A repeat exam-
ination is recommended in 5–7 weeks to ensure reso-
lution of the follicle – a malignant cyst will not regress
in size.

Corpus luteum cysts

The corpus luteum is formed by rupture of the
mature graafian follicle. Its function is to produce
progesterone and oestrogens to support early preg-
nancy in the period before the placenta takes over

a

b

Figure 5.1 (a) Normal ovary showing a few small follicular

structures. (b) A simple follicular cyst of the ovary. There are no

internal echoes.

this role. When these follicles fail to involute, cysts
are formed.

The clinical picture may be pain with delayed
menses or amenorrhoea. In this setting the most
important differential is ectopic pregnancy: this may
mimic the imaging findings of a haemorrhagic cor-
pus luteum, particularly as there is often associ-
ated endometrial proliferation. Knowledge of the
result of a pregnancy test is advantageous. Clearly
a well-demonstrated intrauterine pregnancy would
support an adnexal lesion being a corpus luteum,
but an important exception is in the setting of in
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a

b

Figure 5.2 (a) A small luteal cyst of the ovary showing uniform

internal echoes due to recent haemorrhage. (b) A large luteal

cyst showing internal echoes due to haemorrhage as well as a

focal lump due to clot retraction.

vitro fertilisation (IVF) where multiple pregnancy
and ectopic pregnancy are commoner than in the
general population and rarely both may coexist (i.e.
heterotopic pregnancy).

The sonographic findings of a corpus luteum cyst
are variable. Typically these cysts are hypoechoic
with thick walls and may vary in size from 2 to
10 cm, although most are less than 3 cm in diameter.
Haemorrhage is often present, resulting in the
appearance of either a complex cystic mass contain-
ing fluid with internal echoes or a solid adnexal struc-
ture (Fig. 5.2). Occasionally layering of contents may
occur. The Doppler and colour flow characteristics

are non-specific and vary as the corpus luteum
matures and involutes but peripheral diastolic flow
is normal in these cysts during the luteal phase of the
cycle. Corpus luteum cysts can cause complications
through rupture and haemorrhage, obstructed deliv-
ery and by undergoing torsion. A persistent large
corpus in the second half of pregnancy may require
surgical excision to prevent later complications.
Similarly, a complex haemorrhagic luteal cyst may
simulate malignancy. In this setting follow-up scan-
ning is needed to ensure reduction or resolution.

Parovarian cysts (fimbral cysts, peritoneal
inclusion cysts)

While these are not truly ovarian, they may mimic
ovarian cysts and so are dealt with in this section of
the chapter. Parovarian cysts arise in the broad liga-
ment, originating either from the peritoneum cover-
ing the ligament or embryological remnants of the
wolffian ducts that run from the vaginal vestibule
to the ovary within the ligament. They comprise up
to 10% of adnexal masses, tending to affect pre-
menopausal women, and are seen separate from
the neighbouring ovary. Cysts are fluid-filled and
thin-walled with no septations or internal soft-tissue
projections.2 In common with ovarian cysts they may
be complicated by haemorrhage, torsion and rup-
ture and can reach several centimetres in diame-
ter, extending out of the pelvis.3 Peritoneal inclu-
sion cysts are more likely to be seen if there has been
prior surgery. The cyst walls will conform to adjacent
structures and often show acute angular margins
as a characteristic feature. Not all pelvic cysts arise
from gynaecological structures. Sometimes intesti-
nal lesions may mimic an ovarian lesion. Carefully
assessing if the lesion is attached to bowel will avoid
this pitfall, though a precise diagnosis may only be
made confidently following surgery (Fig. 5.3).

Postmenopausal cysts

Simple cysts of less than 5 cm in size are a very
common finding in postmenopausal women dur-
ing pelvic ultrasound examination. It is important to
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a

b

Figure 5.3 (a) Ultrasound image showing a simple pelvic cyst.

This was at first thought to be ovarian, but the ovary was

separate to this. (b) Magnetic resonance image of the same

lesion. Its elongated oval shape is more apparent. This lesion

was found to be a mucocele of the appendix at surgery.

understand that these cysts do not equate to cancer
and will not become cancerous. The difficulty arises
because very occasionally (in less than 1% of cases)
an ovarian cancer will present features indistinguish-
able from a simple cyst. Over 50% of postmenopausal
simple cysts will resolve within 4 months of the initial
assessment, though some will persist unchanged for

Postmenopausal simple cyst

Size over 5cm

Referral 
Gynae Cancer MDT
+/-Staging CT/MRI

Size 2-5cm

Rescan in 3-4 months
Serum Ca125

normal          elevated

Resolution

Stable/regression

Increase in size

Figure 5.4 Flowchart demonstrating management of

postmenopausal cysts.

a very long time. We have constructed a flow chart
(Fig. 5.4) for the management of these patients to try
to prevent inappropriate over-investigation, based
on Royal College of Obstetricians and Gynaecolo-
gists guidelines.4 Ideally, a decision on whether to
operate or to ignore the cyst can be achieved with-
out more than three sequential scans. Continuing to
follow up a simple postmenopausal cyst for longer
than this becomes indistinguishable from offering
ovarian cancer screening.

Congenital cysts

These are most often discovered incidentally dur-
ing prenatal and neonatal ultrasound examination
and are probably due to follicular stimulation by
maternal hormones. They are seldom clinically sig-
nificant and the natural history is of spontaneous
resolution. Rarely, surgery is required either for tor-
sion or for large cysts causing problems due to mass
effect, resulting in compression of adjacent viscera
and splinting of the diaphragm.5

Benign ovarian pathology

Polycystic ovary syndrome

This is a common complex endocrine disorder
affecting 5–10% of women. It presents with men-
strual disturbance, obesity and hyperandrogenism
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a

b

Figure 5.5 (a) Histological specimen of a polycystic ovary. This

shows the typical features one would expect to see on

ultrasound of numerous small follicles and an increase in

stroma. (b) An ultrasound image of a polycystic ovary showing

the same features.

resulting from testosterone and androstenedione
production, which leads to increased hair growth
(hirsutism). The criteria for ultrasound diagnosis
of PCOS have recently been revised in the light of
improved ultrasound technology and better under-
standing of the condition.6 The diagnosis can be sup-
ported when one or more of the following features are
demonstrated (Fig. 5.5):� 12 or more follicles (3–12 mm diameter) are present

in an ovary (either peripheral or diffusely arranged)

� ovarian volume is over 10 ml/s (when no follicles
measuring over 10 mm in diameter are present)

Only a single ovary need be affected to make the diag-
nosis. If a large follicle is present (over 10 mm), then
the volume should be calculated on a repeat scan
when the ovary is quiescent to prevent overestima-
tion of ovarian volume. Bright ovarian stroma rela-
tive to the myometrium is no longer an essential part
of the diagnosis but is specific to the condition and
provides supporting evidence in the presence of the
essential features above. This appearance is thought
by some authorities to be caused by increased sound
transmission through follicles in the ovaries.

The appearance of a polycystic ovary is much
commoner than the diagnosis of the syndrome.
An important point emphasised in these new
diagnostic guidelines is that imaging findings alone
should not diagnose PCOS in an asymptomatic
patient. In this situation the possibility may be
raised but further supporting evidence in terms
of the patient’s history, clinical examination and
blood tests (elevated androgens and luteinising
hormone with low/normal follicle-stimulating
hormone level) should be obtained before a firm
diagnosis is made.6

Endometriosis

This is a relatively common condition, affecting
around 5–10% of all women but accounting for a
high proportion of patients presenting with infertil-
ity problems and chronic pelvic pain. It is thought
to arise from deposits of endometrial tissue seeding
outside the uterus during retrograde menstruation
(i.e. along the fallopian tubes into the peritoneum).
Classically symptoms are cyclical, occurring during
menstruation when ectopic endometrial deposits
bleed, but intermenstrual bleeding and menorrha-
gia may occur. Interestingly, the bulk of disease
does not appear to correlate closely with symptoms;
those with large-volume disease are sometimes
asymptomatic, while those with relatively minor
deposits on imaging and laparoscopy may have
severe intractable symptoms.
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While all imaging techniques struggle to demon-
strate the scattered small endometriosis deposits
seen at times during laparoscopy, ultrasound is good
at demonstrating focal masses called endometri-
omas. They are usually thin-walled ovoid or round
hypoechoic masses, and may contain fluid with scat-
tered internal echoes or gravity-dependent fluid–
fluid levels from layering of haemorrhage. In most
cases there is acoustic enhancement through the
lesion.7 The size (1–20 cm), wall thickness and con-
tour and the degree of internal septation are variable
and differentiation from other pelvic pathology, par-
ticularly ovarian malignancy, is often impossible. In
this setting magnetic resonance imaging (MRI) is an
extremely useful tool; the unique signal character-
istics of endometrioma produce high signal (bright)
on T1-weighted images, with no loss of signal on fat-
saturated T1-weighted sequences and intermediate
or low signal areas on T2, due to the blood prod-
ucts within it8 (Fig. 5.6). This allows differentiation in
most cases from dermoid tumours, which normally
contain fat, and ovarian carcinoma, and helps avoid
unnecessary surgery.

An important consideration in cases of
endometriosis is the distribution of disease. Most
often deposits are found in gravity-dependent areas
within the pelvis, involving the ovaries, rectosigmoid
colon9 and urinary bladder.10 The disease is also
recognised to occur at the site of caesarean-section
scar.11 Transvaginal and transrectal scans are very
sensitive methods of assessing plaque-like deposits
of endometriosis along the uterosacral ligaments
by demonstrating thickening of the rectovaginal
septum and uterosacral ligaments.12 Disease may
also disseminate to other sites in the abdomen,
spreading along peritoneal recesses to involve other

←
Figure 5.6 Endometriosis (a) A large endometrioma showing

the typical uniform low-level internal echoes on ultrasound.

(b) Tiny cystic endometriotic deposits around the surface

of an ovary. There is a fleck of associated calcification.

(c) Magnetic resonance of an endometriotic cyst. Layering

of the signal intensity is seen from the blood within the cyst

(arrow).
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sections of bowel and even across the diaphragm to
involve the pleural space.

Torsion

Ovarian torsion normally presents in the first three
decades of life with a short history of acute-onset
lower abdominal pain, often localised to one side,
and accompanied by nausea and vomiting. Fever
and elevated white cell counts are not commonly
present.13,14 Intermittent pain may precede the
acute event, weeks or months before diagnosis, due
to intermittent torsion of the ovary.

Patients are predisposed to torsion by coexist-
ing ovarian pathology, such as follicular cysts, but
in many cases there is no underlying abnormality
present. The process of torsion of the vascular pedi-
cle causes venous outflow obstruction and engorge-
ment of the ovary. Eventually gangrene ensues,
as a result of either venous infarction or arterial
occlusion.

The diagnosis is suggested by unilateral enlarge-
ment of a rounded or oval-shaped ovary containing
multiple enlarged follicles, although these follicles
are not always present. The ovarian stroma is often
brighter than adjacent myometrium and free fluid
may be present in the pelvis. The mass may be solid
with posterior acoustic enhancement or cystic.13,14

Free fluid is present in the majority of cases. Rarely
patients may present with massive ovarian enlarge-
ment, which can be bilateral, mimicking neoplasia15

(Fig. 5.7). A further indicator of torsion is that the
ovary may lie in an abnormal position in the mid-
line behind the uterus. A peripheral blood flow pat-
tern may be present but colour flow can be absent in
infarction. Importantly, normal colour flow does not
exclude the diagnosis, which may occur in cases of
intermittent torsion.

This is often an underdiagnosed condition sono-
graphically and clinicians with a high index of suspi-
cion should not be falsely reassured by a normal scan.
In this setting laparoscopy is required to ensure that
the ovaries are healthy and, if torted, detorsion and
fixation performed or oophorectomy in the presence
of gangrene.

Figure 5.7 Massive ovarian oedema as a result of ovarian

torsion.

Ovarian hyperstimulation

This arises most often as a result of ovarian hor-
mone stimulation in infertility techniques such as
prior to egg-harvesting in IVF. It may also occur in
single or multiple pregnancies, hydatidiform mole
and choriocarcinoma.16,17 Briefly, the findings con-
sist of enlarged ovaries where increasing diameter
correlates with disease severity (from 5 cm in grade
2 to over 12 cm in grades 5 and 6). Multiple large
cysts are present and there may be associated ascites
and pleural effusions. This is dealt with more fully in
Chapter 7.

Absent ovaries and ovarian remnant syndrome

Either or both ovaries are sometimes not visu-
alised during assessment of the pelvis, particularly
when only a transabdominal scan is performed. It is
important to remember that some patients may have
no ovaries at all. This should be considered partic-
ularly in cases of amenorrhoea. Turner’s syndrome,
where only one X chromosome is present, may result
in absent ovaries. Patients have short stature and
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may have associated renal and skeletal developmen-
tal anomalies. Swyer’s syndrome results in isolated
absence of the ovaries without other abnormality.

Ovarian remnant syndrome presents in patients
who have had previous incomplete oophorectomy
with abdominal pain and sometimes a palpable
mass. The residual functioning ovarian tissue hyper-
trophies to become an enlarged multicystic structure
and haemorrhage is often present. The mass may
cause ureteric obstruction and hydronephrosis.18 An
ovarian mass can be present when the ovaries are
expected to be absent.

Multimodality and multidisciplinary
assessment of ovarian tumours

Any case of possible ovarian malignancy requires
multidisciplinary assessment by a team with experi-
enced gynaecologists, pathologists, radiologists and
oncologists. This serves two purposes: to decide,
first, on what further investigations are required, and
second, what treatments should be offered with a
view to cure or palliation of symptoms.

Preoperative biopsy should not be done to con-
firm the diagnosis of localised ovarian malignancy.
It is contraindicated because of the risk of seed-
ing tumour into the peritoneum and upstaging the
patient from early stage I to stage II or III with a
subsequent poorer prognosis. Likewise, drainage of
ascites is best avoided if surgery is planned in the
near future anyway. Occasionally there are reports of
unwary clinicians inserting drainage catheters into
ovarian cysts in the mistaken belief they are drain-
ing either ascites or the bladder. Tumour markers are
not always helpful, with CA125 elevated in only 50%
of stage I tumours. MRI scanning has a useful role
in the evaluation of indeterminate lesions on ultra-
sound. Many benign lesions have characteristic fea-
tures on MR that allow differentiation from ovarian
carcinoma. In the case of ovarian cancers, an assess-
ment of the stage of local disease can be made with
greater confidence on MRI and the ultrasound fea-
tures of the tumour confirmed. This is particularly
helpful in borderline cases on ultrasound, where MRI

allows a more complete characterisation of the lesion
in question. Computed tomography (CT) scanning
has a role in the staging assessment of disseminated
disease, where there is no doubt about the malig-
nant features on ultrasound or where metastatic dis-
ease has been demonstrated on the ultrasound scan.
Neither technique can assess the peritoneum well
for small-volume metastases, although delayed MRI
following gadolinium is producing some promis-
ing results. Laparoscopy gives the best evaluation in
these circumstances.

Imaging allows preoperative planning of the type
of surgery required, with radical hysterectomy, bilat-
eral oophorectomy and omentectomy as the stan-
dard curative technique for ovarian cancer (the big
operation). This compares with much more lim-
ited surgery in benign or some borderline malignant
cases, where unilateral oophorectomy or cystectomy
may be considered (the small operation). In cases of
disseminated disease where radical surgical debulk-
ing is inappropriate, imaging-guided biopsy of peri-
toneal deposits is a simple and effective method of
obtaining histological confirmation of the diagno-
sis, and can assist in planning palliative chemother-
apy for symptom control. In some cases, where there
is inoperable malignancy on initial scanning, some
patients may proceed, after a confirmatory biopsy,
to chemotherapy to down-stage the ovarian tumour
before interval debulking surgery. It is important to
have confirmation of disseminated ovarian malig-
nancy, rather than disseminated metastatic breast
cancer, for example, as the treatment options are
different and prognosis far more grave in the case
of breast metastasis in this situation. Ultrasound
has an additional role in facilitating periodic guided
drainage for palliation of malignant ascites. This is
very well tolerated by patients and provides excel-
lent symptom relief.

Benign tumours – epithelial neoplasms

Serous cystadenoma

These are more common than mucinous cys-
tadenomas and tend to affect younger women of
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Figure 5.8 An extended field of view ultrasound used to show

the full extent of this ovarian serous cystadenoma. There are a

few fine septations present.

reproductive age and account for between 20 and
50% of all ovarian neoplasms. They are often smaller
than benign mucinous tumours and bilateral lesions
are much more common. Cysts have thin walls and
are either unilocular or contain multiple thin sep-
tations (Fig. 5.8). Small (< 3 mm) internal papillary
projections may be present. Internal fluid is usu-
ally echo-free but may be echogenic where haem-
orrhage has occurred. Once again, if there is rupture
of the cyst, free fluid may be present and Doppler
studies are not very helpful at distinguishing benign
from malignant disease. Surgery is therefore often
performed as primary treatment.

Mucinous cystadenomas

These are classically unilateral ovarian tumours pre-
sumed to arise from metaplasia of normal epithelial
tissue. Women aged from 20 to 50 are the group most
commonly affected but these tumours may occur
at any age and they account for around 15% of all
benign tumours. They consist of large and some-
times massive cysts (up to 50 cm) with thin walls and
multiple thin-walled locules. They contain mucin, a
thick proteinaceous fluid, which has an echogenic
appearance on ultrasound, and distinct fluid–fluid
levels are sometimes present (Fig. 5.9). Sonographic
morphological criteria and Doppler interrogation
alone cannot accurately predict benignity, and these

a

b

Figure 5.9 Mucinous cystadenoma. (a) A large unilocular cyst

containing uniform low-level echoes. This can mimic the

appearance of an endometrioma but the size and the clinical

history should aid in the differentiation. Magnetic resonance

would be able to distinguish these lesions if required. (b) A

large multilocular cyst, with the locules displaying different

levels of internal echo. The septa are thickened, increasing the

level of concern for underlying malignancy.

lesions are removed to assess for malignant change
and to prevent torsion and rupture.

Rupture of the mucinous contents of these
tumours into the peritoneal cavity results in pseu-
domyxoma peritonei, a condition where mucinous
collections are formed in the abdomen leading to
distension, peritoneal thickening and mass effect on
adjacent organs. This carries a poor prognosis due to
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Figure 5.10 Line diagram indicating the differing features of

dermoid tumours. (a) Hyperechoic mass with all the borders

visible. (b) The distal borders are visible. (c) Only the proximal

border is visible (‘tip of the iceburg’). (d) Dense shadow behind

mass. (e) Fat–fluid level.

its propensity to recur after surgery, which is the only
effective treatment presently available. Pseudomyx-
oma pertonei is also associated with perforation of
appendiceal epithelial tumours resulting in muci-
nous tumour dissemination on peritoneal surfaces.

Germ cell tumours – dermoid/teratoma

These are complex germ cell tumours most com-
monly presenting in younger women of reproductive
age, but all age groups may be affected. They account
for around 15% of all ovarian tumours and arise from
ectodermal (hair, skin, sweat glands), mesodermal
(bone, muscle and cartilage) and endodermal tissue

elements (neural tissue and vascular) in variable
amounts. They are most commonly cystic but solid
teratomas, although rare, are recognised. The differ-
ing proportion of fat, calcium, hair and soft-tissue
components results in a highly variable appearance
on ultrasound. A simple classification system, with
a high predictive value, and based on sonographic
features has been formulated as follows:19� I: an echogenic mass of varying density and shad-

owing subdivided into:� A: all borders visible� B: distal border visible� C: only proximal border visible: ‘tip of the
iceberg’� II: echogenic particles in a hypoechoic medium

‘dermoid mesh’� III: Cyst with fat–fluid level, where the uppermost
oil layer is echo-free (Fig. 5.10)

A pathognomonic distinct hyperechoic mural nod-
ule or ‘dermoid plug’ may also be present, represent-
ing an ingrowth of solid tissue, such as hair or teeth,
from the tumour wall20 (Fig. 5.11). Possible pitfalls
in the diagnosis are, firstly, the potential for failing
to recognise the presence of a dermoid because of
similarity to the echogenic contents of bowel loops
within the pelvis or, secondly, mistaking the hyper-
echogenicity of a small dermoid for fresh haemor-
rhage within a cyst.

Torsion is the commonest complication of these
tumours but rupture may occur, usually related
to pregnancy. Dermoids rarely undergo malignant
degeneration (around 3%) in older women, but
imaging cannot differentiate non-metastatic malig-
nant from benign tumours. MRI is the best test to
confirm the presence of fat and other mesenchymal
components within the tumour; enhancing nodules
are a cause for concern, suggesting malignancy.

Ovarian stromal tumours

Solid ovarian masses are relatively uncommon,
accounting for about 5% of ovarian tumours. The
differential of a solid adnexal mass, after a pedun-
culated uterine fibroid has been considered, should
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Figure 5.11 Several examples of dermoid tumours. (a) A small bright focus within an ovary. This could be either a small dermoid

tumour or an area of haemorrhage. A follow-up ultrasound scan will tell the difference as an area of haemorrhage will resolve. (b) A

plain radiograph of the pelvis. The air-filled tampon is seen to be displaced to the right by a fat-density left adnexal lesion. This

lesion contains a tooth-like structure in its inferior aspect. (c) A dermoid showing the characteristic feature of an echogenic plug

casting a dense echo shadow. (d) There is a collection of fine parallel lines within this dermoid. Another very typical feature. (e and f)

An incidental adnexal mass found during pregnancy is confirmed on magnetic resonance imaging to be a dermoid. Magnetic

resonance is particularly useful for characterising adnexal masses in pregnancy.
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include the ovarian stromal tumours. The most com-
monly recognised sonographic appearance for all
of these tumours is an isoechoic or hypoechoic
mass with acoustic enhancement. However, beam
attenuation may also occur in the tumour, result-
ing in acoustic shadows.21 Foci of cystic degener-
ation with or without septations may be present,
particularly in granulosa cell tumours;22 and areas
of calcification may be seen in fibromas.23 No
form of imaging can reliably distinguish these
tumours; histological examination is the definitive
investigation.

Thecomas are solid, fat-filled oestrogen-producing
tumours occurring in perimenopausal and post-
menopausal women. They are benign and account
for around 1% of all ovarian tumours. The
tumour-related hormone effects may result in
postmenopausal bleeding or menorrhagia related
to endometrial thickening and the presence of
endometrial cancer is a well-recognised association.

Granulosa cell tumours are low-grade malignant
hormone-secreting tumours and are bilateral in 5%
of cases. Most are localised to the ovary at diagnosis,
but recurrence after surgery occurs in up to 10%
of cases, which may require sequential operations
over a number of years to remove recurrent tumours.
Patients are usually postmenopausal and the clinical
presentation is identical to thecoma.

Sertoli–Leydig cell tumours produce androgens
and oestrogens and are discovered in young women
investigated for virilisation, usually in a search for
polycystic ovaries. They are low-grade malignancies
and are managed surgically.

Fibromas are benign stromal tumours of varying
size (Fig. 5.12). They are composed, as the name
suggests, of fibrous tissue, sometimes in associa-
tion with hormonally active thecal cells. Patients are
often middle-aged and may present with a mass,
pain, menstrual disturbance or, less commonly, with
ascites and right-sided pleural effusions, known as
Meig’s syndrome. Symptoms resolve completely fol-
lowing successful removal of the tumour. There may
be marked overlap in the histological appearance
of fibromas and thecomas, where they are termed
fibrothecomas.
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Figure 5.12 Ovarian fibromas. (a) A small fibroma within the

ovary. (b and c) A much larger fibroma shown on both

ultrasound and computed tomography scan. Note that there is

posterior acoustic enhancement through this solid tumour.

Imaging cannot reliably characterise a solid adnexal mass and

surgery and histology are required to achieve a diagnosis. It

may however be possible to avoid ‘the big cancer operation’.
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Brenner tumours may arise from ovarian stromal
tissue or epithelium and are composed of fibrous
tissue, similar to fibroma. They are rare and usu-
ally benign, although malignant forms are recog-
nised. While most cases are not hormonally active,
oestrogen-related side-effects have been seen in
some cases and tumours can reach several centime-
tres in size.

Subserosal or pedunculated uterine fibroids

Although clearly not an ovarian neoplasm, uterine
fibroids need to be mentioned in this section because
of the problems they can pose in the diagnosis of
ovarian neoplasms. Pedunculated fibroids can vary
greatly in size and position within the pelvis, and typ-
ical imaging features of a homogeneous or heteroge-
neous solid mass with tissue characteristics ranging
from hypo- to hyperechoic can be altered in the pres-
ence of necrosis of larger lesions, resulting in a more
complex cystic appearance on ultrasound (Fig. 5.13).
In this setting, a younger patient may unwittingly
be diagnosed as having ovarian carcinoma, partic-
ularly when CT confirms the localised mass with-
out the further tissue characterisation or detailed
multiplanar examination available with MR scan-
ning. Similarly, in older women, in whom fibroids are
uncommon due to involution after the menopause,
an ovarian tumour may be mistaken for a necrotic
pedunculated fibroid. Clearly the management and
counselling of the patient are very different for the
two conditions. We would like to raise the readers’
awareness of this potential pitfall and advise them to
be extremely cautious in dismissing complex masses
as pedunculated fibroids, particularly in the post-
menopausal female, without full assessment, includ-
ing MRI where appropriate.

Malignant ovarian tumours

Ovarian carcinoma

Epidemiology of ovarian cancer
Ovarian cancer is a significant health problem, being
the fifth most common cancer in women and also the

leading cause of death from gynaecological malig-
nancies. In 1992, 4360 women died of ovarian can-
cer in the UK24 and in 1994 in the USA there were
approximately 13 600 deaths.25 However, to place
these large figures in perspective, the disease preva-
lence is between 30 and 50 cases per 100 000 popu-
lation and the lifetime incidence is one in 70 women
(in comparison, the lifetime risk of breast cancer is
one in 12). It is uncommon in black women.26 Most
cases occur after the age of 45.

Survival depends on the stage of the disease at
diagnosis. The early stages of the disease do not
have any specific symptoms and so nearly 60% of
women present with disease that has already spread
with abdominal metastases such as in the omentum
(stage III) or with distant metastases outside the peri-
toneal cavity (stage IV) to lung, liver, bone and dis-
tant lymph nodes. These women only have a one in
10 chance of surviving for 5 years. Conversely those
women (25%) who present with the disease confined
to the ovary (stage I) have a six or seven in 10 chance
of surviving for the same period. Stage II disease with
ovarian spread confined to the pelvis has an interme-
diate survival (Table 5.1).

Risk factors for ovarian cancer
The cause of ovarian cancer is not known, though
there are women who are at higher risk than others.
Risk factors include greater age, nulliparity, northern
European or North American descent, and a family
history of ovarian cancer. There is a theory that ovu-
lation itself is a causative factor, as the risk of ovar-
ian cancer appears to be decreased by pregnancy,
breast-feeding and oral contraceptives, all of which
suppress ovulation.

Women who have one close relative with ovar-
ian cancer have a threefold increase in lifetime risk,
whereas those with two close relatives have a dra-
matic increase to a 40% lifetime risk. As many as
5% of ovarian cancers occurring before the age of
50 may be due to familial cancer.26 Mutations in
the genes BRCA1 and 2 may account for most of
these families.27 This raises the intriguing prospect
of genetic testing to enable individuals to learn if
they carry a cancer-predisposing mutation. Not all
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Figure 5.13 (a) Degenerating pedunculated fibroid. An adnexal lesion with central cavitation was identified during early pregnancy.

(b and c) The pregnancy miscarried. The woman was seen several months later to have a large abdominal mass. Taken in isolation,

these ultrasound images would be of concern because of the apparently nodular margins and because the lesion appears separate

from the uterus. (d) Magnetic resonance shows the full extent of this adnexal mass. (e) A large, centrally cavitated fibroid is removed

at surgery. This sequence of images shows the value of obtaining a history and comparing old images with new. The progression of

the cavitation in a benign fibroid becomes apparent.
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Table 5.1 Abbreviated International Federation of Gynecology and Obstetrics (FIGO) staging

of ovarian carcinoma

Stage Location Symptoms

I Confined to ovary Asymptomatic

Good prognosis after surgery

Diagnosed by screening or during investigation for other

symptomatic conditions

II Spread confined to the pelvis Usually asymptomatic, diagnosed as above

III Abdominal metastases – omentum,

lymphadenopathy – peritoneal implants,

e.g. liver surface

Presents with abdominal enlargement or symptoms from

distant metastases

Poor 5-year survival

IV Distant metastases – liver parenchyma, lungs

those at risk want such testing, though those from
a higher economic class and those with more rel-
atives affected are more likely to request the test.28

The implications of a positive test need to be explored
fully before testing, including factors such as difficul-
ties in obtaining a mortgage or life insurance. Fur-
thermore, whether a positive genetic predisposition
should lead to active ovary and breast screening or
even prophylactic bilateral oophorectomy (and sub-
cutaneous mastectomy) needs to be discussed.

Imaging features and scoring systems
Ultrasound has a very valuable role to play in the
characterisation of adnexal masses. There are pro-
ponents for the use of various morphological, spec-
tral and colour Doppler criteria both transabdom-
inally and transvaginally in the differentiation of
malignant from benign ovarian disease. Morphologi-
cal scoring systems have been proposed by several
authors.29,30 They all have in common the associ-
ation of malignancy with the presence of a large
size (over 10 cm), a solid or partly solid content and
papillae (Fig. 5.14). Fine septations and daughter
cysts are associated with benignity. A review of these
scoring systems found their sensitivities to range
from 62 to 100%, the specificities from 73 to 95% and
the positive predictive values from 31 to 83%. Using
their own criteria they could obtain 100% sensitiv-
ity, but only at the cost of a low specificity of 37%.

This was caused by abscesses, teratomas and haem-
orrhagic cysts being indistinguishable from malig-
nant tumours on appearance alone.

The low specificity of morphology prompted a
search for Doppler criteria of malignancy. Initial
reports of the use of resistance and pulsatility indices
were very encouraging, but a series of later reports
showed that spectral Doppler is not helpful because
there is too great an overlap in the indices between
benign and malignant disease.31–34 With time, how-
ever, Doppler’s true role, particularly colour Doppler,
is becoming clearer. Buy and colleagues,35 in their
study of 132 adnexal masses in 115 women, used
the presence or absence of colour flow in sec-
tions of a mass thought morphologically indeter-
minate or malignant to predict whether or not the
mass was truly malignant. If a mass was thought
to be morphologically benign then the presence or
absence of colour flow was disregarded. This tech-
nique improved the confidence level, specificity and
positive predictive value of grey-scale sonography;
specificity rose from 82 to 97% and the positive
predictive value from 63 to 91%. The same study
also confirmed the limited value of spectral Doppler
indices.

Our experience with a cohort of patients in Leeds36

concurs with the poor results obtainable from spec-
tral Doppler indices, but also indicates that an ex-
perienced observer with access to all the ultrasound
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Figure 5.14 Typical patterns of malignant ovarian morphology. (a) Large complex cystic and solid lesion on transabdominal

scanning in a 52-year-old woman. (b) Thick-walled cyst with internal nodules or papillae lying behind the bladder in a 56-year-old

woman. (c) Relatively simple cyst with a fine septum but also with a small solid component in an 80-year-old woman. All these

lesions were malignant. (d) A large ovarian malignancy showing the typical mixed solid and cystic morphology.
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Figure 5.14 (cont.) (e) A smaller cyst showing an irregular mass arising out of one wall. There is free fluid. The mass is typical for

malignancy. (f) Omental ‘cake’ surrounded by ascites. The ultrasound operator should always examine the rest of the abdomen

when a suspected ovarian malignancy is found. Ultrasound is not sensitive to the presence of tumour spread but it is highly specific.

Hence if tumour spread is found, then an advanced stage of malignant disease can be diagnosed.

information (i.e. morphology and Doppler indices)
can outperform any of the individual scoring systems
currently available. This multiparameter analysis by
experienced observers is also now advocated by
Kurjak and Kupesic,37 who go on to describe the need
for ‘artistic rendering’ in obtaining and interpreting
results (Table 5.2).

Ultrasound contrast agents have been shown in
two small studies to improve the diagnostic accu-
racy of power Doppler ultrasound in the diagno-
sis of early ovarian cancer.38,39 These data need to
be confirmed with larger-scale trials to ensure that
this is not another false dawn in ovarian ultrasound
imaging.

Metastases to ovary
Metastatic involvement of the ovaries from a dis-
tant primary tumour represents 10% of all ovarian
malignancies. The primary tumour is sometimes
only detected during investigation of the ovar-
ian lesion. A Krukenberg tumour describes the
spread of mucinous breast or gastrointestinal tract
malignancy (from the colon, stomach and pan-
creas) to the ovaries. They may spread by direct
invasion, intraperitoneal seeding, lymphatic or
vascular routes. Tumours are most often bilateral
solid lesions with a cystic component; bilaterality is

the first indicator to alert the sonographer that the
ovaries may be involved in malignant disease from
a distant site. This should then prompt a thorough

Table 5.2 Ultrasound features used in scoring systems to

differentiate benign from malignant ovarian masses

Morphology

Size Larger masses more likely to be

malignant

Wall thickness Thick-walled masses score more highly

for malignancy than those with thin

walls

Composition Complex, mainly fluid masses score

more highly for malignancy than

simple cysts

Papillae and thickened septa score highly

Doppler

Presence/absence Non-vascular masses more likely to be

benign

Distribution Masses confined to the wall or with a

regular pattern are more likely to be

benign than masses with irregular

vascular distribution throughout

Resistance Low-resistance (high end-diastolic flow

velocity) scores more highly for

malignancy
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review of the rest of the abdomen for a primary
site of disease. Often a past history of malignancy
is present, sometimes many years after the initial
treatment, and particularly so in patients with breast
cancer. In such cases CT scanning is advised to
assess other sites of disease and biopsy is essen-
tial to confirm the source of the disease and to plan
the most appropriate treatment. Lymphoma and
leukaemia may also involve the ovaries, producing
solid lesions, as a part of a more generalised disease
process.40

Ovarian cancer screeening
The aim of ultrasound screening of the ovaries is
to detect malignant disease without resulting in a
large number of operations for conditions that even-
tually turn out to be benign. Early studies with
transabdominal scanning on asymptomatic women
achieved a poor rate of 67 operations for every
ovarian cancer found. This can be improved by nar-
rowing the cohort of women to be scanned, by select-
ing a higher-risk subgroup, or by using transvagi-
nal scans and sequential testing with follow-up
scans and CA125. A family history of ovarian cancer
reduces the number of operations for benign dis-
ease for each cancer detected from around 1 in 50
to 1 in 12. Transvaginal scans in postmenopausal
women also reduce this rate to around 1 in 10,
although some operators, for example Kurjak and
colleagues, appear to do much better than others.
Using CA125 as the primary screening tool before
ultrasound reduces the benign operation rate fur-
ther, but also has the potential to miss up to 50%
of early-stage tumours. It is apparent that an ill-
conceived programme has a huge potential to cause
harm without necessarily improving ovarian cancer
survival.

Several major trials are currently under way to
determine whether population screening is a viable
and effective use of health care resources. The
UK Collaborative Trial of Ovarian Cancer Screen-
ing Study (UKCTOCSS) aims to screen 200 000 post-
menopausal women (with a combination of CA125,
followed by transvaginal ultrasound where this is

elevated). The UK Familial Ovarian Cancer Screen-
ing Study (UKFOCSS) will follow up 5000 women
with a strong family history of ovarian cancer. The
results of these studies should be available in the near
future.

Summary of main points: screening for
ovarian cancer� Lifetime risk is approximately 1 in 70 women� Screening tools include bimanual palpation,

genetic testing, CA125 levels and ultrasound� Screening currently suffers from low sensitivity
(cancers are missed) and low specificity (too many
false-positive results) which cause unnecessary
intervention and distress� Sensitivity and specificity are improved when
the screened population is restricted to high-risk
women > 45 years or with a family history of ovar-
ian or breast cancer� False-positive results due to physiological masses
are minimised by scanning in the early part of
the cycle (days 1–8) or by selecting only post-
menopausal women for the screening programme� The role of ultrasound is enhanced by using
transvaginal and colour Doppler techniques� Although scoring systems have had some success,
the best results are obtained using knowledgeable
and experienced interpretation� There is no evidence to support screening of the
general population

Fallopian tube and adnexal pathology

Pelvic inflammatory disease

PID is an infective condition, usually caused by
ascending lower genital tract infection by Chlamy-
dia, gonorrhoea, commensal organisms or, rarely,
from tuberculosis. Up to 10% of women are affected
during their lives and the incidence may be rising.
Risk factors for infection include previous episodes
of sexually transmitted disease, multiple partners,
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a
b

Figure 5.15 (a and b) Two examples of large complex tubo-ovarian abscesses.

presence of intrauterine contraceptive devices and
septic abortion. A significant number of patients
are presenting with infertility following an earlier
asymptomatic infection or active chronic infection.
In the acute setting patients complain of abdominal
pain, dyspareunia, vaginal discharge and systemic
upset, and often have raised inflammatory markers.

The inflammatory process has a range of ultra-
sound findings that reflects the distribution and
severity of disease. In mild forms ultrasound is nor-
mal. Endometritis is essentially a clinical diagno-
sis but may be detected as endometrial thicken-
ing with fluid in the cavity and enlargement and
hypoechogenicity of the myometrium.41 However,
the appreciation of mild enlargement can be difficult
and endometrial thickening with fluid is a normal
finding in the late stage of the cycle in reproductive-
age women. As the fallopian tubes become involved
they can become dilated, thick-walled and tortu-
ous, containing fluid or echogenic blood or pus.
Several descriptions have been allocated to the
ultrasound appearances of the tubes, including the
‘cogwheel sign’ for the cross-sectional image of a
dilated tube with thickened endosalpingeal walls
and the ‘string of beads sign’ for mural nodules seen
lining a dilated tube.42 When the ovaries become

caught up in the inflammatory process they may be
seen closely applied to the uterus because of fibrosis
and adhesions or, in the case of tubo-ovarian abscess,
they may be no longer identified as separate from a
complex inflammatory pelvic mass (Fig. 5.15). This
mass can distort and obliterate all of the normal
adnexal anatomy and image interpretation can be
very difficult. Free fluid is often present but loculated
collections or fluid-filled abscesses should be sought,
as these can be successfully drained via transrectal
or transvaginal routes using ultrasound guidance,
thereby avoiding surgery to treat sepsis.43,44 Pyo-
salpinx can also be treated effectively from drainage
by this route.

Hydrosalpinx describes a dilated fluid-filled fal-
lopian tube, arising from obstruction due to either
previous PID or adhesions from surgery. They are
either discovered incidentally or during imaging for
causes of infertility. An apparently multiloculated
mass adjacent to the ovaries may be seen or, more
often, a fluid-filled tube with septations and kinking.
Hystero-contrast sonography with Echovist (Sher-
ing, Germany) can assist in determining the anatom-
ical structure of the blocked tube and allows assess-
ment of tubal patency by demonstrating free flow of
contrast into the pelvic peritoneal recesses.
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a

b

Figure 5.16 Ectopic pregnancy. (a) A typical adnexal ring

structure is identified, together with surrounding echogenic

free fluid. The echoes in the free fluid indicate the presence of a

haemoperitoneum. The ring structure is the tubal pregnancy.

(b) An example of a very rare cervical ectopic pregnancy. This

can produce life-threatening haemorrhage.

Ectopic pregnancy

While this may present unexpectedly in a patient
under investigation for infertility with an adnexal
mass (Fig. 5.16), it more usually occurs in a patient
with acute abdominal pain, vaginal bleeding and
with a positive pregnancy test. The pregnancy
test is the single most important investigation:
a positive test makes the diagnosis highly likely.
Serial serum beta-human chorionic gonadotrophic
(�-HCG) measurements are a useful method of dis-
tinguishing early healthy pregnancy from ectopic
pregnancy. In an ectopic pregnancy the normal dou-
bling of �-HCG every 48 hours does not occur; an

increase of less than 66% over 2 days is predictive of
ectopic pregnancy. The imaging features and man-
agement of this condition are dealt with more fully in
Chapter 6.

Broad-ligament fibroids

Occasionally uterine fibroids may extend into the
broad ligament, simulating a solid adnexal mass. The
diagnosis may be suggested by the presence of other
uterine fibroids. Compression of adjacent structures
can lead to fallopian tube and ureteric obstruction.
Where there is doubt about the nature of the mass,
MRI can be useful in further assessment. Fibroids are
discussed more fully in Chapter 4.

Fallopian-tube carcinoma

This is a rare tumour, usually affecting post-
menopausal women with a history of infertility.
Patients present with bleeding, pain and, in some
cases, with watery vaginal discharge. The ultrasound
features are non-specific, but may include a cystic/
solid adnexal mass in association with a unilaterally
dilated fluid-filled tube. Clarification of the diagnosis
may be possible with MRI before surgery. Standard
surgical treatment is the same as for ovarian can-
cer, with hysterectomy, bilateral oophorectomy and
omentectomy, as the tumour is bilateral in up to a
quarter of patients and peritoneal dissemination is
common.

Non-gynaecological pelvic pathology

Appendicitis

Appendicitis may produce non-specific symptoms
in a significant number of patients, but most suf-
fer abdominal pain with raised white cell count and
inflammatory markers on blood-testing. The clinical
picture in young women can mimic ectopic preg-
nancy, PID and torsion of the ovaries. In any female
patient with abdominal pain the appendix may rea-
sonably feature on the clinical differential diagnosis.
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Figure 5.17 Appendicitis. There is a tubular, non-compressible

structure containing an echogenic focus – an appendicolith.

The walls of the appendix demonstrate the typical layered

appearance seen in all bowel wall.

The imaging characteristics of the appendix when
inflamed are of a blind-ending intestinal loop arising
from the caecum, which is non-compressible, not
peristalsing and measuring >6 mm in diameter
(Fig. 5.17). A hyperechoic appendicolith may
be present. Associated free fluid and increased
echogenicity of the adjacent mesenteric fat may be
present.

Bowel-related pathology

Diverticulitis is another common condition, which
results in herniation of the colonic mucosa through
its outer muscular wall. These outpouchings may
become obstructed and inflamed, resulting in an
episode of diverticulitis. The left colon is most com-
monly affected, particularly the sigmoid. Ultrasound
of the bowel shows transmural thickening centred
on a hypoechoic area (the diverticulum) protrud-
ing through the bowel wall. Once again, hyperechoic
inflammatory change in adjacent mesenteric fat is a
useful sign (Fig. 5.18). Inflammatory bowel disease,
which incorporates Crohn’s disease and ulcerative
colitis, may be detected on ultrasonography as the
cause of abdominal pain in some patients. A history

Figure 5.18 Diverticulitis. Note the bright inflamed mesenteric

fat surrounding the outpouched diverticulum.

of prior altered bowel habit, blood or mucus in
stools or weight loss is typically present. There is
wall-thickening with increased blood flow in active
disease. The colon and distal small bowel may be
inflamed in either condition but when fistulae and
abscesses related to affected loops are present, a
more specific diagnosis of Crohn’s disease is sug-
gested. Colorectal cancer may be demonstrated as a
bowel-based soft-tissue mass with associated lym-
phadenopathy. Invasion of neighbouring viscera,
such as the bladder, may be seen.

Renal tract and vascular pathology

A range of incidental abnormalities may be seen dur-
ing pelvic ultrasound examination including ureteric
dilatation, with accompanying ureteric calculi or
ureteroceles and bladder tumours (Fig. 5.19). Some-
times it may not be clear from the history whether
blood loss is per vaginam or per urethram. Bladder
tumours are relatively common in the elderly pop-
ulation and the ultrasound operator needs to be
alert to this possibility in someone presenting with
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Figure 5.19 A large bladder tumour. Haematuria may be

mistaken for postmenopausal bleeding by the patient, so be

alert for alternative diagnoses during gynaecological scans.

supposed postmenopausal bleeding. Iliac artery
aneurysms can also be discovered, often as an
incidental finding, and sometimes are the explan-
ation for pelvic pain symptoms. The use of colour
Doppler should readily prevent an aneurysm being
misdiagnosed as an ovarian cyst.
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Ultrasound in the acute pelvis

Hassan Massouh
Frimley Park Hospital, Frimley, Surrey

Introduction

Ultrasound is the first examination of choice in
patients with acute pelvic pain, regardless of age, pre-
sentation or gender, and a more common request
in females than males. Pelvic pain represents 10–
15% of all urgent ultrasound examinations per-
formed in a district general hospital (local audit)
and results from a large variety of underlying causes,
many of which may be gynaecological. The causes
of pain vary and will depend upon the location,
organ involved and underlying pathology such as
infection, haemorrhage, infarct or ectopic pregnancy
(EP).

The examination of choice in these circum-
stances is a combination of transabdominal (TA) and
transvaginal (TV) ultrasound except in young girls
and those with an intact hymen. The use of high-
frequency vaginal probes and the proximity of the
probe to the pelvic organs allow clear visualisation
of the pelvic organs. The ability of the vaginal probe
to touch the pelvic organs allows the sonographer to
test for pain and detect the mobility of these organs,
which are two important and useful signs in evalu-
ating the cause of pelvic pain.

TA ultrasound is advantageous because of its abil-
ity to visualise large pelvic masses, detect the pres-
ence of ascites and examine other structures such as
the kidneys and the other upper abdominal organs,
which may be associated with the pain. However,
TA ultrasound may be technically difficult in acute

pelvic pain due to the presence of ileus, abdominal
wall tenderness/rigidity and the lack of filling of the
urinary bladder (which is frequently associated in
particular with pelvic inflammation).

Prior to the ultrasound examination, the sonogra-
pher should obtain a full clinical history of the pain:
its onset, frequency and relationship to menstrual
cycle, its location, any associated fever, evidence of
vaginal discharge, date of last menstrual period, past
medical history and knowledge of previous surgery.
This is essential information in helping the interpre-
tation of the ultrasound findings.

Ectopic pregnancy

EP is defined as ‘implantation of a fertilised ovum
outside the uterine cavity’. Its incidence in the devel-
oped world is increasing1,2 and it is associated with
the use of intrauterine contraceptive devices, pelvic
inflammatory disease, adhesions from previous EP
and past pelvic surgery or corrective surgery for
treating infertility (Table 6.1). Endometriosis, pelvic
scarring and adhesions are also associated with an
increased incidence of EP.

Patients with EP are usually women of child-
bearing age, presenting with lower abdominal pain
(more to the side of pregnancy) and tenderness, vagi-
nal bleeding and history of missed or delayed period.
It is possible for EP to pass undiagnosed in patients
with minimal symptoms, in whom the implants die

C© Cambridge University Press 2005.
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Table 6.1 Factors associated with increased incidence

of ectopic pregnancy

Use of contraceptive devices

Pelvic inflammatory disease

Previous pelvic surgery

Previous surgery for infertility

Endometriosis

Other causes of pelvic adhesions

and the products resorb spontaneously. Confirming
the presence of EP is usually by the history, clin-
ical presentation, positive pregnancy test and pos-
itive hormone markers.

Ultrasound (particularly transvaginal) plays a
major role in the early diagnosis of EP and its contri-
bution to an accurate early diagnosis has reduced the
mortality rate of EP. Over 95% of EP are within the fal-
lopian tube (tubal) and the rest are intra-abdominal
or intraperitoneal, ovarian, cervical or heterotopic.3

Ultrasound findings

The presence of a normal intrauterine pregnancy
usually excludes EP except in very rare cases of het-
erotopic pregnancy, where there is an ectopic gesta-
tion with an intrauterine one.3

There is usually an adnexal or tubal mass con-
sisting of an echogenic ring, representing the
trophoblastic tissue, surrounding chorionic fluid.
Depending on the age of the ectopic, it may be possi-
ble to see a yolk sac, fetal pole and also to detect a fetal
heart beat, in which case the diagnosis is confirmed
(Fig. 6.1). However, it is more common to find a com-
plex mass on the side of the suspected EP and the
contact of the vaginal probe with this mass is usually
tender and painful. Care should be taken to differen-
tiate between an ectopic sac and corpus luteal cyst,
which is usually on the same side as the EP, by clearly
identifying the ovary separately from the ectopic sac.

In the uterus, the endometrium is thickened
as a result of decidual reaction, secondary to the
effect of hormones. Fluid can accumulate with this
decidual reaction, leading to what is described as

Figure 6.1 Transvaginal ultrasound showing right-sided

ectopic pregnancy in the distal right tube (arrowheads) with

decidual reaction of the endometrium (long arrows).

Figure 6.2 Transvaginal ultrasound of the uterus in a patient

with an ectopic pregnancy showing fluid within the

endometrial cavity with some thickening (decidual reaction) of

the endometrium. Note the irregular margin of this fluid,

which should not be mistaken for intrauterine pregnancy.

‘pseudo-gestational sac’ (Fig. 6.2). Compared with
the true intrauterine sac, the pseudo-sac has an irre-
gular margin, containing echogenic (bloody) fluid
with absence of the ‘double-ring border’ of the nor-
mal intrauterine sac. Colour Doppler ultrasound can
differentiate the hypervascular trophoblastic ring
from the less vascular wall of the pseudo-sac. It is
absolutely essential to examine both adnexae in all
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cases of an empty intrauterine sac in case it repre-
sents a pseudo-sac with an EP (Fig. 6.3).

Excess fluid in the pouch of Douglas, more than is
usually present following ovulation, is also a positive
sign of EP. The fluid may be bloody and echogenic
(swirling motion of bloody fluid).

A pregnancy test is usually positive in both intra-
and extrauterine gestation. The use of the dis-
criminatory level of serum b human chorionic
gonadotrophin (�hCG) has become widely used. It is
now accepted that a normal intrauterine pregnancy
should be detectable on transvaginal ultrasound if
the serum �hCG is 1000 IU/l (second International
Standard) or more. Failure to visualise intrauterine
sac at this level of �hCG highly indicates either an EP
or recent abortion.4,5

The value of serum progesterone for diagnosing EP
remains equivocal, due to the overlap between nor-
mal and EP. Progesterone of ≥ 80 nmol/l indicates
a normal intrauterine pregnancy in 98% of cases.
Progesterone of < 16 nml/l indicates a non-viable
pregnancy regardless of location. Most EPs will have
a progesterone level of 32–60 nmol/l at presentation,
significantly limiting the clinical usefulness of pro-
gesterone measurement in EP.6

It is important to remember that a negative ultra-
sound finding does not exclude EP. If there is clinical
doubt about the diagnosis, follow-up scans and serial
measurements are recommended.7

Ovarian and intra-abdominal EPs are rare and dif-
ficult to diagnose on ultrasound. They are usually
found on laparoscopy following continuing clinical
suspicion after a negative ultrasound.

Cervical pregnancy is also rare but can be diag-
nosed on TV ultrasound as a gestational sac in the
cervical canal. It is a very painful type of EP and also
dangerous, as it can bleed heavily.

Heterotopic pregnancy is very rare but its inci-
dence is rising with the increasing use of repro-
ductive or infertility procedures.3 It consists of an
intrauterine gestational sac in addition to an ectopic
one (Fig. 6.4). It is good practice always to scan
both adnexae during ultrasound in early pregnancy,
particularly in those patients who have had fertility
procedures.

Figure 6.3 A young woman who had a dilatation and curettage

for a suspected 7-week blighted ovum. The histological

examination of the curetted tissue showed no fetal or

trophoblastic tissue. Repeated transvaginal colour Doppler

ultrasound showed right-sided ectopic pregnancy (arrowed).

Note the increased vascularity of the trophoblastic tissue. What

was thought to be a blighted ovum was, in retrospect, a

pseudo-sac.

Figure 6.4 Heterotopic pregnancy: intrauterine gestational sac

(long arrows) as well as a right-side ectopic pregnancy

(arrowheads) in a 34-year-old woman who had fertility

treatment using Clomid.

Surgery, whether open or laparoscopic, is usually
the treatment for EP. However, non-surgical treat-
ment is gathering popularity, particularly the use
of methotrexate as a single dose.8,9 Only selected
patients meet the criteria for this type of treatment.
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Figure 6.5 Fluid within the endometrial cavity (arrows) in a

woman who developed acute endometritis and pelvic

inflammatory disease following a difficult removal of an

intrauterine contraceptive device.

Pelvic inflammatory disease

Pelvic inflammatory disease (PID) is the result of
an infection by an organism spreading from the
vagina to the fallopian tubes and ovaries via the
endometrial cavity. The commonest organisms are
Chlamydia trachomatis and Neisseria gonorrhoeae,
although other organisms have been found to cause
this infection, such as Mycoplasma genitalium and
anaerobes.10

Various factors have been associated with the
risk of developing PID, such as instrumentation
of the cervix, abortion, hysteroscopy, contraceptive
devices and other already existing pelvic infections
such as appendicitis and diverticulitis.

PID markedly increases the risk of infertility, EP
and chronic pelvic pain. UK national guidelines on
sexually transmitted infection11 were published in
2002, highlighting the increasing rate of gonorrhoea
and the likelihood of increased risk of gonorrhoea
PID in future. The Royal College of Obstetricians
and Gynaecologists issued guidelines12 stressing the
need for good management of acute PID.

A further possible complication in patients with
a history of PID is Fitz-Hugh and Curtis syn-
drome, an inflammation of the space around the
liver capsule secondary to repeated Chlamydia
infection.

The clinical symptoms on presentation of PID vary.
In low-grade cases patients present with mild lower
abdominal pain and tenderness. In moderate to
severe cases, patients experience severe pelvic pain,
fever, deep dyspareunia, cervical discharge, elevated
white blood count, high C-reactive protein and ery-
throcyte sedimentation rate, although blood culture
is rarely positive.

PID is primarily a clinical diagnosis. However,
ultrasound, particularly TV ultrasound, remains the
examination of choice in diagnosing any complica-
tion of PID.13 Other imaging, such as magnetic reson-
ance imaging (MRI) of the pelvis, has also been used
for diagnosing PID.14 Doppler ultrasound has been
shown to be useful during TV ultrasound for the diag-
nosis of PID and inflammatory masses,15,16 showing
increased vascularity, hyperaemia and reduced level
of pulsatility and resistance indices.

Ultrasound findings

Pain and tenderness are experienced during TV
ultrasound when the probe is in contact with the
cervix or the adnexae, reflecting the degree of under-
lying inflammation. This is the most common and
possibly the only sign observed during TV ultra-
sound.

Fluid within the endometrial cavity in response to
local endometritis is also seen, usually in small quan-
tities (Figs. 6.5 and 6.6). This retained fluid may be
echogenic or echo-poor, distending the endometrial
cavity and outlining the surrounding endometrium.
Vaginal discharge is commonly associated with the
presence of retained fluid in the endometrial cavity.

Free fluid in the pelvis is a common finding and
represents a reaction to pelvic inflammation.

Pure inflammation of the fallopian tube may not
be confidently diagnosed on TV ultrasound unless
the wall of the tube is thickened. Timor-Tritsch
et al.17 concluded that a tube wall of 5 mm or more
determines pathological thickness. The wall thick-
ness is seen along the length of the tube from cornua
to ovary or on a transverse section through the thick-
ened part of this tube. Retained infected fluid can be
seen in the fallopian tube in acute cases, representing
pyosalpinx. This appears as a tubal, oval-shaped



Ultrasound in the acute pelvis 107

Figure 6.6 Transvaginal ultrasound in a 51-year-old woman

with acute endometritis and pelvic inflammatory disease

following hysteroscopy. Note the fluid within the endometrial

cavity (arrowheads) and the small air bubble, presumably

retained from the previous procedure (long arrow), which was

observed to be mobile during scanning.

structure extending from the cornua to the ovary. The
amount of fluid and distension of the tube’s lumen
vary. The wall of the tube becomes noticeably thick-
ened and easily measurable and the fluid within the
tube may be echogenic (see section on hydrosalpinx,
below).

When the inflammation extends into the adnexal
area, adhesions occur between the nearby struc-
tures, mainly the tube, ovary and bowel, leading
to the formation of an inflammatory tubo-ovarian
complex. In acute cases, this complex is referred to as
a tubo-ovarian abscess because of the acute nature of
the underlying infection (Fig. 6.7). Ultrasonically, this
tubo-ovarian abscess appears as an ill-defined, rela-
tively hypoechoic tender mass with a lack of anatom-
ical differentiation of the normal structures of this
part of the pelvis. A small collection of fluid may be
seen within this mass or nearby, representing abscess
formation.17

Chronic tubo-ovarian complex mass can also be
caused by adhesions from previously treated PID
and/or tubo-ovarian abscess. Although its ultrasonic
appearance may be similar to the acute phase, there
is usually less tenderness on TV ultrasound and
less vascular hyperaemia. The history of previously
treated PID, absence of inflammatory markers, plus
the different clinical presentation at the time of

Figure 6.7 Tubo-ovarian abscess seen during a

transabdominal ultrasound on a 28-year-old woman known to

have had pelvic inflammatory disease, and who presented with

right pelvic pain and signs of infection. Note the inflammatory

complex mass (arrowed) consists of areas of increased

reflectivity as well as pockets of echo-free fluid. Similar

appearances can be seen in other causes of inflammation such

as in Crohn’s disease or following appendicitis.

Figure 6.8 A 52-year-old woman with right pelvic pain.

Transabdominal ultrasound showed a heterogeneous mass

(arrowed) of mixed echogenicity which was mildly tender and

was thought to be an adnexal inflammatory mass. At

operation, it was found to be an inflammatory mass

originating from an inflamed appendix.

attending for the ultrasound scan, usually help to
confirm the chronic nature of this complex mass.
Chronic inflammatory tubo-ovarian abscess can be
similar to masses caused by other inflammation such
as appendicitis or Crohn’s disease (Fig. 6.8).
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Figure 6.9 Transvaginal colour Doppler ultrasound of a young sexually active girl who was also known to have pelvic inflammatory

disease. Note the fluid collection representing an abscess (A) near the vaginal vault and also the hypervascularity of the wall and

nearby tissue, representing hyperaemia as a reaction to the inflammation.

Occasionally a large abscess may be seen in the
adnexal area as a thick-walled fluid-filled cavity
(Fig. 6.9). In this case the patient will have all the
clinical signs and symptoms of the presence of an
abscess.

Management of PID involves treatment with
broad-spectrum antibiotics, either oral or intra-
venous, depending on the severity of the disease.18 In
case of the presence of pelvic abscess, TV ultrasound-
guided drainage may be required.19 Intrauterine
devices must be removed in severe cases.

Hydrosalpinx

Hydrosalpinx is a Greek word, meaning fallopian
tube filled with fluid. Although a normal tube is not
usually visualised on routine TV ultrasound unless
surrounded by adjacent fluid, it becomes noticeable
and obvious when it is filled with fluid or when its wall
becomes thickened. Hydrosalpinx is commonly the
result of previous acute salpingitis and PID but has
also been reported following pelvic surgery such as
hysterectomy. It is usually unilateral but can also be
bilateral. It is one of the common causes of infertility

and the presence of hydrosalpinx adversely affects
the clinical pregnancy rate achieved with in vitro
fertilisation20 due to the direct toxic effect of the tubal
fluid on the endometrium and the embryo.21

Pyosalpinx is when the fluid within this distended
tube becomes infected. It is found either as part
of acute PID or as an infection developed on an
existing hydrosalpinx. The clinical symptoms of pyo-
salpinx are similar to acute PID. The fluid within the
tube is usually echogenic (Fig. 6.10). Timor-Tritsch
et al.17 have described a ‘Beads-on-a-string’ sign
which represents hyperechoic mural nodules arising
from the wall of tube, projecting into the fluid-filled
lumen and measuring 2–3 mm, indicating under-
lying inflammation. The appearance of the cross-
section of the fluid-filled, inflamed, thickened tube
has also been described by the same authors as ‘cog-
wheel sign’.

Non-complicated hydrosalpinx is usually seen as
an incidental finding and the fluid within it is usually
echo-free (Fig. 6.11). It appears as a tortuous/coiled
well-defined fluid-filled structure, oval-shaped and
extending from the cornua to the ovaries. Its width
varies from a few millimetres to a few centimetres
depending on the amount of retained fluid within it.
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Figure 6.10 Transvaginal ultrasound of a young woman with

acute pelvic pain and clinical picture of pelvic inflammation.

Note the dilated tubular structure representing a hydrosalpinx

(black arrows). Note that the fluid within the dilated tube is

echogenic. White arrows are pointing to the folds which do not

cross the entire lumen, as usually seen in septated ovarian cyst.

Often it is mistaken for a multicystic adnexal mass
(Fig. 6.12) or septated ovarian cyst. The apparent
septa, in reality the folded wall of the tube, do not
cross the lumen completely (Figs. 6.10 and 6.11) and,
by rotating the vaginal probe round in a fixed posi-
tion, the operator will realise that all these ‘apparent
cysts’ are communicating and part of one lumen. It is
important to visualise the ovary on the same side as
the tortuous hydrosalpinx, which is often mistaken
for multiple large follicles.

Torsion of hydrosalpinx is a well-known complica-
tion, particularly when it is large, due to the weight
of the fluid within it. The fluid becomes echogenic
rather than echo-free, due to the underlying haemor-
rhage (see adnexal torsion below). A twisted hydro-
salpinx can resemble ovarian torsion on ultrasound,
making the definitive diagnosis difficult.

Other imaging modalities have been described
and used in diagnosing hydrosalpinx such as MRI22

and colour Doppler sonography. Guerriero et al.23

have found that adding colour Doppler energy tech-
nique does not increase the diagnostic accuracy of
TV ultrasound and found that TV ultrasound alone
has a sensitivity and specificity of 84% and 99%
respectively, with negative predictive value of 99%.

a

b

Figure 6.11 (a and b) Two examples of hydrosalpinx (H) seen

on transvaginal ultrasound in two different women who had

vague pelvic symptoms, which were probably unrelated to the

findings. The folds (arrows) do not fully cross the lumen. U,

uterus.

Haemorrhagic ovarian cyst

Haemorrhagic ovarian cyst (HOC) is usually seen in
adults and premenopausal women, although it is
also seen and reported in prepubertal children. It
may also be seen in postmenopausal women who
are on hormonal treatment.

Haemorrhagic corpus luteum is the commonest
type of HOC, although haemorrhage into an existing
cyst can also occur.
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Figure 6.12 Transvaginal ultrasound, longitudinal section

through a tortuous hydrosalpinx (arrows) resembling multiple

adnexal cysts.

Although HOC is sometimes seen in asymptomatic
patients, it usually presents with sudden lower
abdominal pain localised primarily to one side of the
pelvis. Unless the level of the blood haemoglobin is
low caused by the severe haemorrhage, all blood and
biochemical tests are usually normal.

TV ultrasound in conjunction with the clin-
ical history is the examination of choice for the
diagnosis.24,25 TV ultrasound is usually painful,
particularly when touching the affected cyst. The
appearance of the cyst and haemorrhage within it
varies. In most cases, and unless the cyst has rup-
tured, a low-level echogenic mass is seen in the
adnexal area and is inseparable from the ovary.

The appearance of the haemorrhage within the
cyst depends on the timing of the scan in relation
to the onset of pain. Kiran and Jain26 have elegantly
described all the typical sonographic appearances
of the imaging spectrum listed in Table 6.2. During
the acute stage, the cyst is full of echogenic material
representing the echogenic blood (Fig. 6.13). Later
on, a clot is formed and the cyst contains com-
bined echogenic retracted clot next to echo-poor
fluid (Fig. 6.14). At a much later stage, the clot retracts
towards the wall of the cyst and appears like a filling
defect within a fluid-filled structure or like a soft-
tissue mass within a cyst (hence the importance not
to call this a soft-tissue papillary projection into an
ovarian cyst). Gentle compression of the cyst (during

Table 6.2 Typical sonographic appearance of a

haemorrhagic cyst throughout the staging process

Fine reticular pattern

Retracting blood clot

Fluid debris level

Haemorrhagic ovarian cyst simulating ectopic pregnancy

Haemorrhagic ovarian cyst simulating ovarian neoplasm

Haemorrhagic ovarian cyst simulating solid ovarian mass

Figure 6.13 Transvaginal ultrasound of a young 24-year-old

woman who presented with acute pelvic pain, showing an

acute haemorrhage within a cyst proven at surgery. Note that

the ultrasonic appearance can mimic a septated ovarian

neoplasm.

TV scanning with the patient lying on her side) con-
firms the mobility of this filling defect and identifies
it as a blood clot. All these appearances relate to the
different stages of the haemorrhage and the way it
tends to evolve.

HOC can spontaneously rupture, leading to
haemoperitoneum. In this case, an adnexal cyst may
not be seen but echogenic fluid is observed in the
peritoneal cavity, particularly in the pouch of Dou-
glas. In this particular case, findings can mimic other
causes of acute abdominal pain such as EP, ruptured
ovarian torsion or PID.27,28
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a

b

Figure 6.14 (a and b) Examples of haemorrhagic cysts

(arrows). Note the retracted clots (C ) within these cysts.

Adnexal torsion

Adnexal torsion is an acute medical condition where
the ovary, ipsilateral fallopian tube or both rotate
around its vascular pedicle, leading to vascular
compromise.29 It is commonly seen in young and
middle-aged women but also reported in child-
hood and adolescents.30,31 Adnexal torsion in elderly
women is almost always associated with underlying
adnexal mass.

Figure 6.15 Ovarian torsion: 24-year-old woman with sudden

severe right-sided pelvic pain. Transvaginal ultrasound showed

torsion of the right ovary (arrows) next to the uterus (U).

Clinical presentation and symptoms can be mis-
leading, making the diagnosis challenging and dif-
ficult. Symptoms vary according to the degree of
twist (180–360◦) and the underlying associated vas-
cular insult. In mild rotation, lymphatic congestion is
noted but both arterial and venous flow are present.
Further torsion can compromise the venous return
and more complete torsion will compromise the
arterial blood supply and cause total necrosis of
the ovary. Because the clinical symptoms are non-
specific, presentation may resemble other causes of
acute pelvic pain such as HOC, PID, EP and others.
Therefore the diagnosis should be considered in the
appropriate clinical picture. Often, ovarian torsion
is associated with ipsilateral ovarian mass29,32 and
is more common on the right side than on the left,33

probably due to the fact that the sigmoid colon occu-
pies the left side of the pelvis.

The ultrasound findings vary but the commonest
finding is an ovarian enlargement which is primarily
due to lymphatic or lymphatic plus venous conges-
tion of the ovary. Enlargement of the remaining fol-
licle at the periphery of the ovary has been noted30

(Fig. 6.15). The presence of an ovarian mass, whether
it is cystic or solid, is common (Figs 6.16–6.18). Like
other causes of acute pelvic pain, fluid in the pouch
of Douglas is also a common finding and may be
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a

b

Figure 6.16 Twisted fibroma. (a) A 44-year-old woman

collapsed with severe lower abdominal pain, which lasted for

approximately 4 hours. Transvaginal ultrasound during the

acute phase showed a large mass, which ultrasonically looks

like a fibroid (F), separated from the uterus (U). (b) Magnetic

resonance imaging scan of the pelvis demonstrated a mass-like

fibroid (F), behind the uterus (U). At laparoscopy, a partially

twisted broad-ligament fibroma was found. The patient was

treated conservatively.

echo-free or echogenic in reflectivity. Compression
of the torsed ovary by the transvaginal transducer is
usually tender and triggers similar pain to that which
the patient has been experiencing.

The use of colour Doppler as well as power Doppler
has been described as a useful method for diagnosing

Figure 6.17 Twisted ovarian cyst: a 38-year-old Afro-Caribbean

woman presented with severe lower abdominal pain.

Transvaginal ultrasound was not useful. Transabdominal

ultrasound demonstrated a large cystic mass (C) behind the

uterus (U) which was displaced anteriorly behind the bladder

(B). Laparotomy showed a large twisted ovarian cyst.

Figure 6.18 Twisted hydrosalpinx on transvaginal ultrasound

on a middle-aged woman with severe lower abdominal pain.

Transvaginal ultrasound demonstrated echogenic fluid within

a hydrosalpinx (arrows). This was confirmed at laparotomy.

torsed ovary.33–35 Dilated vessels, particularly veins,
are seen around the torsed ovary with absence of
vessels within its substance. Colour Doppler ultra-
sound can visualise the pedicle of the torsed ovary
and show the abrupt interruption of the arterial sup-
ply and venous drainage. However the presence of
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arterial and venous flow does not exclude the diag-
nosis of ovarian torsion.

Shalev et al.35 have published 14 cases of what they
described as subtorsion, which is a twist of the ovar-
ian pedicle less than 360◦. They found that torsed
ovary may not be significantly enlarged, particularly
if compared with the normal side, and that blood
flow, both arterial and venous, can be still detected
in the ovary. Congested and dilated periovarian ves-
sels were also a common finding. They also found
that fluid in the pouch of Douglas is not common in
the subtorsion type.

Although sonography, particularly TV ultrasound
with colour Doppler, is usually the most readily avail-
able and used modality for diagnosing torsion, other
imaging techniques like CT and MRI have been used
for this diagnosis and play a role, particularly in the
subacute cases.36

The active diagnosis of this condition is very
important, particularly as early diagnosis and sur-
gical treatment can save the ovary from developing
irreversible ischaemia and necrosis.

Non-gynaecological pelvic inflammation

Appendicitis

Appendicitis is a common cause of right iliac fossa
pain, frequently occurring in children and adoles-
cents but also seen in patients of any age. Diagnosis
is usually made on clinical grounds based on the pre-
senting symptoms in conjunction with the elevated
white blood cell count and inflammatory markers. In
most cases, the entire appendix is usually inflamed
and all layers are affected and thickened (Fig. 6.19).
However, inflammation of part of the appendix, usu-
ally the tip, can also occur.37 The underlying inflam-
mation may lead to local perforation and the forma-
tion of an abscess or inflammatory complex mass.

Imaging is commonly used, particularly in young
females, to exclude any other cause of the pain
such as ovarian/adnexal. Ultrasound is the most
readily available and commonly used modality for
diagnosing this condition. Ultrasonic visualisation

Figure 6.19 Acute appendicitis in a middle-aged woman: the

appendix has a sausage shape, and is non-compressible with

thickening of all layers (arrows).

of the inflamed appendix or the inflammatory mass
is often hampered by the presence of local ileus and
dilated loop of bowel and also by the local pain and
abdominal wall rigidity.

Graded compression technique38 has been
described as a useful method of visualising the
inflamed appendix which involves scanning at a
different degree of compression over the site of
appendix.

The transverse section of the normal appendix
appears either rounded or ovoid. Rettenbacher
et al.,39 in a large prospective study, showed that a
rounded appendix raises the suspicion of an under-
lying inflammation but only with specificity and pos-
itive predictive value of 37% and 50% respectively.
They also concluded that an ovoid-shape transverse
section over the entire appendiceal length reliably
rules out acute appendix.

Poortman et al.40 found that an incompressible
appendix with a transverse diameter of 6 mm or
more, with and without appendicolith, indicated
appendicitis. The inflamed appendix appears as a
blind-ended sausage shape on longitudinal scan
(Fig. 6.19). Appendicolith may be seen within its
lumen as a hyperreflective structure (Fig. 6.20a). The
inflamed appendix may be part of an inflammatory
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a

b

Figure 6.20 Acute appendicitis. (a) Transabdominal

ultrasound using a high-frequency linear transducer:

sausage-shape inflamed appendix (arrows) with appendicolith

(A) at its base. (b) Inflammatory appendicular mass:

transvaginal ultrasound on a patient with clinical signs of

appendicitis showed a relatively hypoechoic inflammatory

mass (long arrows) surrounding an inflamed appendix with

appendicolith (A) within it, proven at surgery.

Figure 6.21 Crohn’s colitis: transvaginal ultrasound on a

24-year-old female with severe lower abdominal pain and

diarrhoea showing thickening of the wall and mucosa of the

pelvic colon (arrows). Colonoscopic-guided biopsy confirmed

the diagnosis of Crohn’s. Ulcerative colitis can give similar

appearances.

mass or an abscess (Fig. 6.20b). In such a case, and
without the presence of an appendicolith, the ultra-
sonic appearance may be similar to other causes
such as PID and endometriosis. Fujii et al.,41 in a large
prospective study, found that the use of ultrasound
in patients with suspected appendicitis increases
the accuracy of the diagnosis, reduces unnecessary
operations and provides more appropriate selection
of patients’ treatment.

Colitis

This is an inflammation of the bowel occurring in
young patients, commonly in the form of ulcer-
ative colitis and Crohn’s disease. Ulcerative coli-
tis exclusively affects the colon and Crohn’s affects
both small and large bowel. When the colon is
affected, its wall becomes oedematous and thick-
ened with thickening of the mucosa. The ultra-
sonic appearance reflects exactly these histological
changes, showing thickened echo-poor muscularis
and echogenic mucosa42 (Fig. 6.21). Local abscesses
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Figure 6.22 Crohn’s abscess: transvaginal ultrasound on a

female patient known to have Crohn’s disease, demonstrating

a fluid-filled abscess (A) to the right of and inseparable from

the uterus (U) with high reflective speckles within it

representing air bubbles.

are commonly seen more in Crohn’s than in ulcera-
tive colitis (Fig. 6.22).

Diverticulitis

This is an acute inflammation of the colon on an
existing diverticular disease, usually affecting older
people over the age of 50 and commonly affect-
ing the sigmoid colon, causing thickening of the
colonic wall and leading to narrowing of the lumen.
This narrowing can sometimes be severe enough
to cause sigmoid obstruction. Acute diverticulitis
is commonly associated with pericolonic inflam-
mation and adhesions and sometimes pericolic
abscess.

It may be difficult to visualise any abnormality on
pelvic ultrasound due to the ileus, abdominal pain
and guarding. Usually, in the left lower part of the
abdomen, a thick-walled sigmoid colon is seen with
air passing within it (Fig. 6.23b) associated with focal
tenderness when applying local pressure.43 A local
adjacent collection of echogenic fluid (pus) is often
seen (Figs. 6.23a and 6.24). The position of pain, age
of the patient and clinical history should be sufficient

a

b

Figure 6.23 (a and b) Examples of acute diverticulitis on

transvaginal ultrasound: note the thickening of the colonic

wall (arrowheads) and the small nearby fluid collection

representing an abscess (long arrow).

to differentiate this condition from other colitis such
as Crohn’s and ulcerative types.

Other causes of acute pelvic pain

Pelvic haemorrhage

Spontaneous pelvic haemorrhage is rare and usually
occurs in patients on anticoagulation treatment. It
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Figure 6.24 Acute diverticulitis with pericolic abscess:

transvaginal ultrasound on an elderly lady showing thickened

pelvic colon wall (short arrows) plus a nearby fluid

collection/pus (long arrows) close to the vaginal vault.

is commonly localised to the abdominal wall more
than the intraperitoneal space.

Postoperative haemorrhage/haematoma is a com-
mon complication. The haematoma is usually
localised to the site of surgery and develops within
the first few days following the operation. Post-
hysterectomy (TA or TV) haematoma is common fol-
lowing gynaecological surgery. The haematoma is
situated in the uterine bed or near the vaginal vault.

Ultrasonically, haematomas are hypoechoic, have
ill-defined margins in the acute phase and can
become localised and liquefied with time (Fig. 6.25).
Colour Doppler scanning shows no vessels within
it and this helps to differentiate haematomas from
other echo-poor tumours such as lymphomas where
vessels are seen within the tissue.

Haemorrhage within an ovarian cyst is already cov-
ered above. However, haemorrhage within a fibroid
is rare but well-known. It occurs during pregnancy
as a reaction of the fibroid to the maternal hormone
(Fig. 6.26).

Endometriosis

This is covered more fully in Chapter 4 but is a well-
known cause of acute pelvic pain. In most cases, the

a

b

Figure 6.25 (a) Transvaginal ultrasound on a 64-year-old

woman who developed urinary frequency and dysuria

following pelvic surgery showing a large non-vascular

echo-poor mass (H) in the left side of the pelvis classical of

a haematoma. Note the displacement of the bladder (B).

(b) T2-weighted spin-echo axial magnetic resonance imaging

scan of the pelvis on the same patient 5 weeks after surgery

showed the haematoma (H) as a high-signal mass due to the

liquefication displacing the bladder (B).

patient gives a clear history of the disease and TV
ultrasound is commonly the examination of choice
in helping with the diagnosis (Fig. 6.27).

Imperforated hymen

This is a cause of an acute on chronic pelvic pain
due to retention of the menstrual blood within the
vagina.44 TA ultrasound often demonstrates a fluid
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Figure 6.26 Haemorrhage within a fibroid: a 9-week pregnant

woman presented to casualty with sudden severe lower pelvic

pain. Previous pelvic ultrasound, before the pregnancy, had

already identified a 4-cm uterine fibroid. Transvaginal

ultrasound showed a viable fetus (long arrow) in a normally

positioned gestational sac (S) with adjacent mass of mixed

echogenicity representing haemorrhage within the fibroid

(arrowed). This was proven at laparoscopy. The patient later

miscarried.

Figure 6.27 Endometriosis: transvaginal ultrasound on a

female with a known history of endometriosis. Note the

bicornuate uterus (arrowheads). The endometriotic cysts

( E ) are seen containing echogenic fluid (chocolate cysts).

Note the lack of separation and tissue planes between

the uterus and the surrounding structures due to

adhesions.

Figure 6.28 Imperforate hymen: a 14-year-old girl presented

with lower abdominal pain which, on careful questioning, she

had had intermittently for over a year. She had not had a

period before. Transvaginal ultrasound showed the uterus

displaced cranially by a large amount of echogenic fluid in the

region of the vagina representing haematocolpos (H). On

examination she was found to have an intact hymen.

collection in the region of the vagina with the uterus
displaced cranially (Fig. 6.28). See also Chapter 8.
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Ultrasound and fertility

Stephen Killick
Women and Children’s Hospital, Hull

Introduction

Ultrasound is the single most useful agent in evaluat-
ing human fertility. Not only do the fluid–tissue inter-
faces in the female pelvic organs allow precise meas-
urements of structure but the low cost and safety
of ultrasound scanning allow repeated examinations
and hence, most importantly, an understanding of
function (Table 7.1).

Although transabdominal ultrasound is used
occasionally, for example when surgery has moved
ovaries from their normal location, the vast majority
of scans are performed vaginally. The close proxim-
ity of the ovaries and uterus to the vaginal fornices
allows for the use of higher frequencies (∼10 MHz)
and hence higher resolution.

Subfertility is common. Some 19% of pregnancies
take more than a year to conceive1 and one in six of
all couples are referred for fertility investigations at
some time during their lives.2

Ovarian function

A human ovary contains many thousands of germ
cells distributed throughout its stroma, each of
which is surrounded by a small number of special-
ist cells to create a primordial follicle. These folli-
cle complexes begin to develop one by one through-
out reproductive life in response to gonadotrophin

hormones secreted by the pituitary gland but they
only become visible to ultrasound in their later stages
of development when they develop a fluid-filled
antrum. These fluid-filled follicles give the ovary its
characteristic appearance during the reproductive
years. When visualising the ovary it is important to
remember that its structure is constantly changing
as part of a dynamic system involving many other
organs.

During an ovulatory cycle antral follicles increase
in diameter by up to 2 mm a day in response to
follicle-secreting hormone (FSH) secreted by the
pituitary gland. The first follicle to begin develop-
ment in any one month is the largest and is termed
the first-order (graafian) follicle, with second- and
third-order follicles following on behind. At mid-
cycle the pituitary releases a surge of gonadotrophins
(FSH and especially luteinising hormone (LH)) and
the first-order follicle (and sometimes the second-
order follicle as well) ovulates. Follicles are usually
between 18 and 22 mm diameter when they ovu-
late but this is variable and they can be smaller or
larger. Lower-order follicles are not mature enough
to respond and slowly resolve. The release of follicu-
lar fluid at the time of ovulation can be seen by ultra-
sound to take several hours; it is not a sudden burst.
The follicle shrinks to at least half its previous size and
then grows into a corpus luteum, which is irregularly
cystic and up to 3 cm in diameter. Whereas the first
half of the ovarian cycle before ovulation can be of

C© Cambridge University Press 2005.
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Table 7.1 Advantages and disadvantages of ultrasound

in evaluating fertility

Advantages Disadvantages

Precise measurements of pelvic

structures

Initial cost of

machinery

Instant result Operator-dependent

Viewed by the woman herself Vaginal scan is

personally invasiveAllows for simultaneous

counselling

Safe

Inexpensive repeat measurements

Used for oocyte capture

Gives idea of function, not just

structure

Permanent record can be retained

variable duration, menstruation takes place 14 days
after ovulation if conception does not occur.

A single view of a normal functioning ovary may,
therefore, demonstrate a complex picture of several
small newly developing follicles, some old degener-
ating follicles and a corpus luteum, all embedded in
a solid vascular stroma. More useful information is
gained by observing how the picture changes day by
day (Fig. 7.1).

Premenarchal ovaries often contain antral
follicles; in fact the ovaries of adolescent girls have
multiple follicles, indicating that there is enough
FSH to induce follicular growth but the pituitary
has yet to mature and develop its feedback mech-
anism with the ovary in order to induce ovulation.
This picture is also seen in other situations where
pituitary function is compromised, such as weight-
related amenorrhoea or anorexia nervosa. It can be
confused with polycystic ovaries (PCO; see below)
but in PCO there is an increased amount of ovarian
stroma.

Towards the end of reproductive life as the
menopause encroaches, multiple ovulations
become more common, as does anovulation, and
so the ovary may contain several quite large folli-
cles. For this reason non-identical twins are more
common in older women.
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Figure 7.1 A schematic representation of how follicles develop

and degenerate in the normal ovulating ovary, thus altering its

ultrasound appearance.

The endometrial cycle

The routine growth and shedding of the endometrial
lining can also be monitored with ultrasound. During
menstruation the endometrium appears somewhat
irregular and highly reflective. The endometrium
increases in thickness to about 1 cm in the first half
of the cycle. At this stage, just prior to ovulation, it is
of a lower echo intensity than the myometrium and
is surrounded by a narrower layer of even lower echo
intensity, the junctional zone. The junctional zone
represents the innermost cells of the myometrium,
which are more tightly packed than in the outer layer.
After ovulation, under the influence of the hormone
progesterone, the endometrial layer becomes more
echo-intense than the myometrium (Fig. 7.2).

The ultrasonographer needs to remember func-
tional interrelationships. Antral follicles secrete
almost all of the body’s oestrogen and so, for exam-
ple, if an ovary is seen to contain a 2-cm-diameter
echo-free cystic structure, then the woman is prob-
ably mid-cycle and the uterine endometrium will be
several millimetres thick but still of low echo inten-
sity. If this is not the case and the endometrium is
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Figure 7.2 Diagram to illustrate the interrelationships

between blood hormone levels and ovarian and uterine

appearances throughout the ovulatory cycle.

thin (∼4 mm) the cystic structure is not a graafian
follicle producing oestrogen.

Management of subfertility

Subfertile couples need to be managed with sym-
pathy. Information counselling and support coun-
selling do not necessarily mean the intervention of
a trained counsellor. An ultrasonographer is in an
ideal situation to provide information and support
whilst viewing the screen with the subfertile cou-
ple. To maximise this advantage the ultrasonogra-
pher must be part of the fertility team and should be
aware of the clinical situation of each specific couple.

Each subfertile couple needs to have an estimate
of their chances of natural conception before they
decide whether to opt for treatment. In practice this
needs a minimum of three assessments: an analy-
sis of the male partner’s ejaculate, an assessment of
ovulation and some test of fallopian tube patency.

Ultrasound could be used for the diagnosis of ovula-
tion but usually a more convenient way is to take a
single blood sample for progesterone 7 days before
the first day of the next period, when the value should
be at its peak and greater than 30 nmol/l.

Tubal patency testing

Fallopian-tube patency can be visualised ultrasono-
graphically if a positive contrast medium is used.
The procedure is termed hystero-contrast sonogra-
phy, or HyCoSy for short, and is recommended by
the National Institute for Clinical Excellence (NICE)
as the procedure of choice for initial determination
of tubal patency.3 A catheter is introduced through
the cervix and held in place by inflating a small bal-
loon at its tip. The commercially available material
Echovist (Schering, UK) is then injected in volumes
of less than 1 ml at a time whilst a vaginal scan is
performed.4

Procedures are usually performed in the first
half of the menstrual cycle, preferably before the
endometrium has attained its maximum thickness
and before any chance of pregnancy, although good
results can be obtained at any stage of the cycle. Con-
siderable experience of vaginal scanning is neces-
sary for consistent results. The use of Doppler does
not help in the assessment. HyCoSy may be com-
bined with an initial assessment of the uterine cavity
to exclude such things as uterine polyps, submu-
cous fibroids or septa. In this case a negative con-
trast is much better and saline is usually used before
any positive contrast is injected. This procedure is
termed saline infusion sonography.

It has been estimated that 50 HyCoSy procedures
need to be performed before operators can be rea-
sonably sure of their findings. A national teaching
course is currently available.

Testicular structure and function

Ultrasound can be useful for locating ectopic testi-
cles or in the diagnosis of testicular or epididymal
tumours, but there is a poor correlation between
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testicular function and structural findings within
the testicle. Hence it is not used routinely in the
investigation of male subfertility. Small varicoceles,
although detectable with ultrasound, do not lead to
improved fertility when they are treated surgically, so
a routine search for them is unjustified.

Ovulation induction

Ultrasound is ideal for monitoring the response of
the ovary to stimulatory drugs for all the reasons
previously mentioned. Frequent blood sampling for
oestradiol levels used to be used but this is now rarely
necessary.

For women who do not ovulate spontaneously,
drugs such as clomifene stimulate FSH from the pitu-
itary gland and therefore stimulate follicle growth in
the ovary. Alternatively FSH, which is available com-
mercially in a variety of preparations, usually in com-
bination with LH, can be given directly by injection.
In these circumstances ultrasound is used to check
the numbers of follicles developing on each ovary. If
more than two preovulatory-sized follicles (≥16 mm
diameter) develop, there is the chance of a multiple
gestation of triplets or more and conception needs
to be avoided. Follicles are usually measured in two
planes, their longest diameter and the diameter at
right angles to this. It is possible to rotate the vaginal
transducer through 90% and measure a third diam-
eter but this adds little to precision. What really mat-
ters is how quickly the follicles are growing and how
many of them there are.

Ultrasound is often used to decide on the timing
of an injection of human chorionic gonadotrophin
in order to trigger ovulation. Depending on proto-
col and circumstances this may be when the leading
follicle is 20 mm diameter. If the scan is repeated 48
hours later to confirm ovulation, the follicle should
have ruptured and a small amount of fluid may be
visible behind the uterus in the pouch of Douglas.

In vitro fertilisation

The first step in in vitro fertilisation (IVF) is
to inhibit pharmacologically the secretion of the

gonadotrophins FSH and LH from the pituitary
gland. This is termed downregulation. Ultrasound
is used to check that adequate downregulation has
been obtained by checking that the ovaries have
become inactive with no follicles greater than 9 mm
diameter and that the endometrium is thin (< 4 mm),
i.e. that the serum oestadiol is low.

Follicle growth is then monitored in much the
same way as in ovulation induction but there is no
risk of supermultiple gestations with IVF because
all the oocytes are extracted from their follicles and
only one or two embryos subsequently transferred
to the uterus. Hence higher doses of drugs can be
used and many more follicles develop. Multiple ovar-
ian follicles often push together to give a cartwheel
appearance.

Vaginal ultrasound is the method of choice for
harvesting the oocytes unless an ovary is situated
in an unusual intra-abdominal position. A needle is
passed through a guide on the transducer, through
the vaginal fornix and into the ovary on each side.
Follicular fluid is aspirated and examined micro-
scopically to find each oocyte. This is a relatively
safe procedure, although there are instances of pelvic
infection or damage to the internal iliac vein. The
vein is immediately adjacent to the ovary and can
look very much like a follicle in cross-section, so if
there is any doubt a follicle should be scanned from
wall to wall before puncture.

If the oocytes fertilise successfully in vitro they are
usually transferred to the uterus 2 or 3 days after
their collection. Ultrasound can be useful in assist-
ing embryo transfer.5 The objective here is to trans-
fer the embryos through the cervical canal into the
upper uterine cavity as quickly as possible and with
minimal trauma. Ultrasound can record the length
and direction of the cervical canal and uterine cavity
prior to attempts at transfer so as to make the proce-
dure easier.

Ovarian hyperstimulation syndrome

Ovarian hyperstimulation syndrome (OHSS) may
develop in the first few days and weeks after
oocyte capture if the ovaries have been inadvertently
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overstimulated. It is more common in women who
have PCO syndrome (PCOS) and when more than 15
or 20 oocytes have been harvested. It is rare to see
the syndrome except in IVF cycles, although it can
occur after ovulation induction or even after spon-
taneous ovulation. Women complain of abdominal
pain and distension, nausea, diarrhoea and some-
times breathlessness. They retain fluid within the
peritoneal and thoracic cavities and hence urine out-
put falls, blood viscosity increases and there is a risk
of venous thromboembolism. Ultrasound appear-
ances help to differentiate the syndrome into mild,
moderate and severe cases. Ovaries are less than
5 cm in diameter in mild cases, between 5 and
12 cm in moderate cases and greater than 12 cm in
severe cases. There is also an increasing amount of
intraperitoneal fluid in the more severe forms, most
notably adjacent to the kidneys.

OHSS can be avoided by abandoning treatment
prior to the human chorionic gonadotrophin ovu-
latory trigger in cases where a large number of fol-
licles are seen to be developing. Alternatively, if
oocyte capture has already taken place, all result-
ing embryos can be cryopreserved and not trans-
ferred to the uterus until the condition has sub-
sided. This avoids pregnancy, which potentiates the
condition.

Of course abdominal pain after embryo transfer
has many other causes. Apart from OHSS the most
serious of these is ectopic pregnancy. This can be
a difficult diagnosis after IVF for a number of rea-
sons. Human chorionic gonadotrophin is given as
an ovulatory trigger so all women will have a pos-
itive pregnancy test for the first week or two after
embryo transfer. The diagnosis of early pregnancy is
often made before an intrauterine embryo is large
enough to be seen. OHSS can occur at the same time
as an ectopic. Even if an intrauterine embryo is seen,
there may be a coincident tubal gestation (hetero-
topic pregnancy) as both the transferred embryos
may have implanted. Suspicious cases may need to
be followed by serial scans and serum beta – human
chorionic gonadotrophin estimations. Miscarriages
and molar pregnancies occur at least as commonly
after IVF as after natural conception.

Doppler studies of follicles and
endometrium

Advanced ultrasound techniques, although rarely
used in clinical practice, have been used to enhance
our knowledge of reproductive physiology. Doppler
studies have shown increased blood flow around fol-
licles with mature oocytes6 and the pulsatility index
of the endometrium correlates inversely with the
probability of implantation.7

Uterine contractions

The uterine endometrium is in a constant state
of movement throughout most of the menstrual
cycle. However movements are slow and can only
be demonstrated by speeding up video recordings
of vaginal ultrasound images. Using this technique
peristaltic-like waves can be seen to run along the
length of the uterus in either direction and occa-
sionally laterally towards the fallopian-tube orifices.
A typical wave progresses along the uterus at a
speed of about 3 cm/min. Contractions are more
frequent at the time of ovulation in natural cycles
or at the time of oocyte collection in IVF cycles.
These contractions are thought to have a function
in both sperm transport8 and in implantation9 and
in the future their monitoring may have important
implications for the management of subfertile cou-
ples. We know, for example, that the high incidence
of ectopic pregnancy (4%) after IVF treatment is
probably caused by uterine contractions relocating
the embryos from the uterine cavity to the fallop-
ian tubes.10 A traumatic embryo transfer increases
endometrial contractions and reduces the chances of
pregnancy.11

Polycystic ovary syndrome

PCO are a common finding. The original ultra-
sonic definition calls for an enlarged ovary with
more than 10 follicles up to 8 mm in diameter situ-
ated peripherally around an echo-dense, thickened
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central stroma.12 Using this definition some 23%
of ovaries were said to appear polycystic,13 but the
greater resolving power of modern vaginal transduc-
ers detects more follicles and therefore includes even
more women in the diagnosis. A PCO, as an iso-
lated ultrasound finding, has no relevance for fer-
tility.14 However, when combined with other symp-
toms of the PCOS, such as obesity, hirsutism or
irregular periods, women with PCO are increasingly
subfertile.

Women with PCOS may respond to ovulation
induction by producing multiple preovulatory folli-
cles and there is therefore a greater risk of supermul-
tiple gestations. The diagnosis of PCOS is, therefore,
an important one for ultrasonographers to note. It
is also important to note, from a physiological point
of view, that these ovaries are constantly changing.
The follicles seen one day become atretic and are
replaced by others by the time a scan is repeated a
week later, even though the overall ovarian appear-
ance is unaltered.

Pelvic pathology

It is not uncommon for pelvic pathology to be com-
pletely asymptomatic apart from its effect on fer-
tility and hence to present for the first time dur-
ing fertility investigations. Examples would be uter-
ine malformations, endometriosis, uterine fibroids
or hydrosalpinges. The latter three conditions may
be hormone-dependent and increase in size in
response to superovulation during IVF treatment.
Occasionally they seem to appear for the first time
during treatment, having been missed at a baseline
scan when they were smaller.
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Paediatric gynaecological ultrasound

David W. Pilling MB ChB DCH DMRD FRCR FRCPCH
Royal Liverpool Children’s Hospital, Alder Hey, Liverpool

Ultrasound is clearly established as the imaging
modality of choice for the evaluation of paediatric
gynaecological conditions. In certain circumstances
magnetic resonance imaging (MRI) will also have a
role, as will specialised techniques such as genitogra-
phy. Computed tomography (CT) has a very limited
place and should be avoided, if possible, because
of the significant dose of ionising radiation to the
ovaries.

Ultrasound technique

Children of all ages have many special needs and all
ultrasound examinations should be undertaken by
those with experience of managing children who are
also aware of the very different pathology likely to
be encountered. Particularly for smaller children, a
friendly environment is essential with appropriate
toys and books to distract especially the preschool
child.

As scans must be carried out transabdominally, a
full bladder is necessary, which most girls over the
age of 3 or 4 years can readily achieve. In younger
children and babies it is pure chance as to whether
the bladder is full or not. If it is not, then the infant
should be given a drink and rescanned at half-hourly
intervals until the bladder is full enough for an ade-
quate examination. In neonates the bladder tends to
fill and empty even more quickly so the time interval
can be shorter.

Modern broadband curvilinear transducers are
most appropriate, with a frequency range of 5–8 MHz
in the neonate, 4–7 MHz in the older child and 3–5
MHz reserved for adolescents. In the neonate a lin-
ear 5–10 MHz probe (perhaps surprisingly) can occa-
sionally be very useful, as the structures of interest
are always within 1–2 cm of the probe and the linear
configuration is not as big a handicap as may at first
be thought.

In the USA transvaginal sonography in the appro-
priate clinical situations is undertaken in sexually
active adolescents. This is not generally the practice
in the UK.

Normal anatomy

The uterus and ovaries undergo significant changes
between birth and puberty and these must be appre-
ciated in order to avoid misinterpreting normal
changes as pathological processes.1 At birth both the
uterus and ovaries are affected by maternal and pla-
cental gonadotrophins and as this stimulus disap-
pears, so their appearances change over the first few
months. Further significant changes take place at the
time of puberty. A chart of normal measurements
with age is essential.

Neonates and young infants

At birth the fundal region of the uterus is proportion-
ately larger than at a slightly older age. The length of

C© Cambridge University Press 2005.
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Figure 8.1 Neonatal uterus showing prominent endometrium

with multiple layers due to maternal hormone stimulus.

Figure 8.2 Normal ovary at 1 month with volume of 0.9 cm3

and small microcysts.

the uterus is between 2.3 and 4.0 cm and the width
between 0.8 and 2.2 cm. The endometrium may be
visualised as an echogenic stripe and there may be a
little fluid within the endometrial cavity (Fig. 8.1).

By birth the ovaries have usually descended to lie at
the superior margin of the broad ligament, although
rarely they may be as high as the lower pole of the
kidneys. On ultrasound they appear homogeneous
apart from the frequent presence of small microcysts
(Fig. 8.2). Mean ovarian volume has been shown to
be 1.06 cm3 (range 0.7–3.6 cm3) up to 3 months of
age; 1.05 cm3 (range 0.2–2.7 cm3) in girls aged 4–12
months; and 0.67 cm3 (range 0.1–1.7 cm3) in girls
between 13 and 24 months old.1 The uterus in par-
ticular is very easy to demonstrate at this age – more

Table 8.1 Paediatric uterine and ovarian growth

Uterine length (mm)a Ovarian volume (cm3)

Age Mean sd Mean sd

2 33.1 ± 4.4 0.75 ± 0.41

4 32.9 ± 3.3 0.82 ± 0.36

6 33.2 ± 4.1 1.19 ± 0.36

8 35.8 ± 7.3 1.05 ± 0.50

10 40.3 ± 6.4 2.22 ± 0.69

12 54.3 ± 8.4 3.80 ± 1.40

13 53.8 ± 11.4 4.18 ± 2.30

a Total uterine length from fundus to cervix.

Data from Orsini et al.40

so than at any stage between 1 month and puberty.
For this reason it is imperative to scan babies with
ambiguous genitalia at this age rather than later in
infancy. The ovaries are easily identified if follicles
are present but more difficult if not.

Premenarchal girls

Beyond the neonatal period the uterus assumes
a more tubular or teardrop shape with the cervix
accounting for two-thirds of the total length
(Fig. 8.3). The length of the uterus and the size of
the ovaries change very little in the first 6 years of life
but then gradually increase (Table 8.1). Throughout
this time small microcysts within the ovaries may be
seen on ultrasound scanning (Fig. 8.4) but it may be
difficult to demonstrate normal ovaries at this age.
By the age of 7 years the uterus has achieved a static
phase which it maintains until the onset of puberty
(Fig. 8.5).

Puberty

The uterus increases in size and changes shape at the
time of puberty (Table 8.1), assuming a pear shape
and starting to undergo cyclical endometrial changes
identical to the adult. With gonadotrophin stimulus
the ovaries enlarge and lie more deeply in the pelvis
either laterally or posterolaterally to the uterus.
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Figure 8.3 (a) At 6 months the cervix is more prominent than

the fundus and body of the uterus. (b) By 1 year the uterus has

assumed a more tubular appearance.

Follicular development

Small (less than 0.9 cm) microcysts or follicles are
frequently seen in the ovaries at any time between
birth and puberty. They have been shown to occur
in 84% of ovaries between birth and 2 years of
age.2 In the same study larger macrocysts (1–1.4 cm)
were noted in 18% of normal ovaries. From 6 or 7
years onwards the number and size of cysts increase,
although it is unusual for the cysts to be larger than
1.5 cm in diameter. In girls aged between 2 and
10 years, cysts up to 1.7 cm in diameter have been
identified in 68%.3

At the time of puberty cyclical follicular devel-
opment begins with a number of small primordial
follicles being present early in the cycle. Between

Figure 8.4 Normal ovary containing microcysts in a

3.5-year-old.

Figure 8.5 Normal uterus at 7 years of age with cervix more

prominent than body.

days 8 and 12 of the cycle a dominant follicle
becomes apparent with ovulation occurring at mid-
cycle when the follicle is between 1.7 and 2.7 cm in
size. With follicular rupture the follicle decreases in
size and a corpus luteum forms. This appears as a 1.6–
2.4-cm cystic structure with internal echoes, which
degenerates at the end of the cycle if fertilisation does
not occur.

Neonatal pathology

Ovarian cysts

With the widespread use of both antenatal and post-
natal ultrasound scanning, ovarian cysts of greater
than 1.5 cm in diameter have been diagnosed
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Figure 8.6 A 5-cm unilocular neonatal ovarian cyst with debris

(arrow) in its base.

Figure 8.7 Large neonatal ovarian cyst about 9 cm in diameter.

This resolved in infancy following partial aspiration.

with increasing frequency. Occasionally larger cysts
present as abdominal masses or as bowel obstruction
or respiratory embarrassment (Figs. 8.6 and 8.7). In
these cases absolute differentiation from other cystic
structures such as mesenteric, duplication or urachal
cysts can be extremely difficult, although the pres-

ence of a daughter cyst is virtually pathognomonic.4

All ovarian cysts can theoretically undergo torsion or
cyst rupture, although this is unusual with the small
ones.

Most neonatal ovarian cysts are of follicular ori-
gin. The stimulus to cyst formation is thought to
be maternal gonadotrophins leading to aberrant
follicular development. It is therefore reasonable
to assume that after birth, when this stimulus is
removed, at least some of these cysts will resolve. As
a result of this a conservative approach to their man-
agement has been advocated. There is no agreement
on the frequency of scanning but it seems reason-
able to scan weekly in the first few weeks of life with
less frequent scans as the baby gets older and the
cyst reduces in size. Residual cysts can be seen up to
9 months of age and possibly longer. If a cyst
increases in size or fails to involute, the diagnosis
of follicular cyst should be questioned. Early studies
suggested that only uncomplicated cysts which were
totally anechoic and thin-walled should be man-
aged in this way and that other complicated cysts
should be removed. More recent studies have shown
that most asymptomatic cysts can be managed
conservatively with serial ultrasound monitoring.5

Symptomatic cysts can be treated by percutaneous
aspiration or surgery. Minilaparotomy has been
suggested,6 as has laparoscopy.7 It has always been
the surgical practice to conserve the ovaries in the
rare situation of bilateral ovarian cysts but ovar-
ian conservation is encouraged even with unilat-
eral cysts wherever possible. The ultrasound appear-
ances of complicated cysts include the presence of
fluid/debris levels, retracting clot, septa or calcifica-
tion in the cyst wall, but neither these features nor the
size reliably predict the clinical outcome (Fig. 8.6).8

Vaginal bleeding

Neonatal vaginal bleeding is an uncommon event,
usually caused by shedding of the endometrium
which has become hypertrophied in utero sec-
ondary to maternal hormone stimulus and following
removal of the stimulus behaves in the same way that
the adult endometrium does. Ultrasound will show a
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prominent midline echo sometimes with a low echo
element. Reassurance can be given in the presence of
a normal-size uterus and lack of demonstrable ovar-
ian pathology. Follow-up scans are only justified if
the bleeding continues.

Hydrocolpos or hydrometrocolpos

Vaginal obstruction in the neonate may lead to fluid
secretions distending the vagina (hydrocolpos) or
the vagina and uterus (hydrometrocolpos).9 This
may be due to imperforate hymen, complete vaginal
membrane, vaginal stenosis or atresia. More rarely
it may be associated with a urogenital sinus or cloa-
cal malformation. Urogenital sinus is a condition in
which there is a single opening for the bladder and
vagina whereas with a cloacal malformation there is
a single perineal opening for the bladder, vagina and
rectum. These types of abnormality are often also
associated with other congenital anomalies such as
bicornuate uterus, imperforate anus, oesophageal or
duodenal atresia, congenital heart disease or renal
abnormalities.

The fluid distension of the vagina and/or uterus
leads to a predominantly cystic tubular mid-
line mass lying between the bladder and rectum
(Fig. 8.8). The fluid within this mass often contains
low-level echoes due to the presence of debris. Occa-
sionally the mass may be very large, containing up
to 1 litre of fluid and, if very large, may displace
the bladder, causing ureteric obstruction and even
hydronephrosis.

Ambiguous genitalia

Rapid and accurate assessment of a newborn with
ambiguous genitalia is required so that a decision can
be made as to whether the child should be brought
up as a boy or a girl.10,11 The main role of ultrasound
is to determine whether a uterus is present. As the
uterus is most easily seen in the neonatal period the
examination should be undertaken as soon as pos-
sible after birth. Whilst the changes on ultrasound
will be clearly visible for several weeks after birth the
examination should be undertaken with a degree of
urgency because of the inevitable parental anxiety

Figure 8.8 Transverse section of bladder with fluid-filled

vagina behind. This is usually of no pathological significance.

this distressing situation causes. In later childhood
transrectal ultrasound may play a role in the detailed
assessment of the pelvis.12 As well as ultrasound, gen-
itography (the introduction of a contrast medium
into the presumed vagina) is often also required to
define the presence or absence of a vagina or uro-
genital sinus. Sex assignment is based on a combi-
nation of chromosomal analysis, gonadal biopsy and
the knowledge of genital anatomy. Surgical manage-
ment and its timing remain controversial.13

Ambiguous genitalia may be classified into
four main groups: (1) female intersex (female
pseudohermaphroditism); (2) true hermaphrodi-
tism; (3) mixed gonadal dysgenesis; and (4) male
intersex (male pseudohermaphroditism).14

Female intersex is seen in females with normal
chromosomes (46 XX). These babies have mas-
culinised external genitalia with an enlarged clitoris,
prominent fused labia and an elongated male-type
urethra. The usual cause is excessive androgenic
stimulus and this is often the result of congen-
ital adrenal hyperplasia. These babies have normal
female internal genital anatomy.

True hermaphrodites usually have an ovary on one
side and a testis on the other side or the gonads may
be fused as ovotestes. A uterus is often present but
may be hypoplastic.

In mixed gonadal dysgenesis there is asymmetric
gonadal differentiation, often with both a testis and
a streak gonad. A uterus is usually present.
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Figure 8.9 Solid pelvic tumour superior to the bladder.

Histologically this was a rhabdomyosarcoma.

In male intersex (male pseudohermaphroditism)
there are testes with feminisation or ambiguous
external genitalia with an XY karyotype. Ultrasound
is required to evaluate the presence or absence of
gonads and a uterus. Congenital androgen insensi-
tivity is probably the commonest cause of this rare
situation.

Abnormalities in premenarchal girls

Vaginal bleeding/discharge

In the absence of evidence of pubertal development
vaginal bleeding and/or discharge will often jus-
tify an ultrasound of the pelvis. It is however also
important to exclude a foreign body as the cause
of this symptom by examination which will prob-
ably need to be undertaken under anaesthetic. Ultra-
sound rarely demonstrates vaginal foreign bodies
but has a role in excluding tumours such as rhab-
domyosarcoma which, although rare, can present in
this way (Fig. 8.9).

A rhabdomyosarcoma usually arises from the
anterior vaginal wall adjacent to the cervix. It can
occasionally infiltrate the uterus or arise primarily
from within the uterus itself. These tumours appear
on ultrasound as inhomogeneous solid masses lying
behind the bladder in the region of the vagina and
cervix (Fig. 8.10). They usually present in children

Figure 8.10 Vaginal rhabdomyosarcoma (arrow) abutting the

uterus (arrowhead) in a 5-month-old girl with vaginal bleeding.

under the age of 5 with vaginal bleeding or polypoid
prolapse of the tumour through the vagina. They
need to be differentiated from vaginal adenocarci-
noma, which is extremely rare.

Occasionally vaginal discharge is due to urine
draining into the vagina from an ectopic ureter so
that it may be helpful to assess the kidneys by ultra-
sound in this group of girls.

Precocious puberty

Precocious puberty is the appearance of gonadal
maturation or secondary sexual characteristics
before 8 years of age in girls and 9.5 years in boys. Iso-
sexual precocious puberty refers to pubertal mani-
festations which are appropriate to the sex of the
child. For example, premature breast development
in a female is considered isosexual. If the pubertal
manifestation is inappropriate for the child’s sex (e.g.
virilisation occurring in a girl) then this is considered
a heterosexual disorder.

Central precocious puberty

In girls the majority of cases are idiopathic with no
cause found. MRI can however be useful where there
is a demonstrable cause such as hydrocephalus and
hamartomas producing gonadotrophins. Hamar-
tomas can produce precocious puberty at a very early
age even in the neonatal period. Precocious puberty
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can also follow severe brain injury or infection as well
as being associated with neurofibromatosis, tuber-
ous sclerosis and primary hypothyroidism.

The role of ultrasound including uterine artery
Doppler15 in the investigation of precocious puberty
is to determine the size and degree of development
of the uterus and ovaries16, 17 as well as assessing the
presence of ovarian cysts or masses. It may also be
appropriate to evaluate the adrenal glands by ultra-
sound, CT or MRI and, in true precocious puberty,
MRI of the brain is necessary.18–20

True precocious puberty is seen in association
with increased oestrogen and gonadotrophin lev-
els. There is enlargement of the uterus and ovaries
with ovulation before the age of 8 years and the
development of secondary sexual characteristics.
Some 60–80% are due to idiopathic activation of the
hypothalamic–pituitary–gonadal axis but in the oth-
ers there may be a demonstrable abnormality of the
central nervous system and hence the need for MRI
scanning.

Pseudosexual precocity

This is more unusual and is characterised by find-
ing raised sex hormones with normal gonadotrophin
levels. The most frequent cause is a hormone-
secreting ovarian tumour, although rarely an adrenal
tumour may secrete these hormones and cause sim-
ilar findings.

McCune–Albright syndrome can cause pubertal
development independent of gonadotrophins but
the mechanism is not well understood.

Premature thelarche and premature adrenarche

Premature thelarche is used to describe isolated
breast development and, in its early stages, is dif-
ficult to differentiate from precocious puberty. Hor-
mone profile is usually normal for early puberty and
treatment is not usually necessary.

Premature adrenarche is the growth of pubic and
axillary hair before the age of 8. It is due to elevation
in adrenal androgens which are in the pubertal range
but other investigations are normal. If late onset of

congenital adrenal hyperplasia is excluded no treat-
ment is necessary.

Ultrasound of the pelvis and adrenal is sometimes
requested in these situations and can be reassuring
if normal, prepubertal appearances are seen.

A recent study looking at the usefulness of assess-
ing ovarian volume and the presence of cysts in
female isosexual precocious puberty has provided
some helpful guidelines.21 Bilateral ovarian enlarge-
ment (mean ovarian volume 4.6 cm3) appears to be a
reliable indicator of true precocious puberty whereas
unilateral ovarian enlargement (mean volume 4.1
cm3) in combination with macrocysts (greater than
9 mm in size) is suggestive of incomplete precocious
puberty. In the same study looking at girls under the
age of 8 years, mean ovarian volume in the control
group and in a small group with premature adrenar-
che was less than 1 cm3. Although microcysts (less
than 9 mm in diameter) can be seen in normal ovaries
at all ages it has been suggested that these microcysts
are seen more frequently and are more numerous in
girls with isolated premature thelarche.22

Hirsutism

This is an embarrassing condition which is age-
and race-dependent. Hair growth is androgen-
dependent and is therefore associated with excess
androgens or excessive response to normal levels. In
the paediatric age group it is associated with polycys-
tic ovary syndrome, late-onset adrenal hyperplasia,
obesity, ovarian or adrenal tumours, Cushing’s syn-
drome or drugs. A proportion are idiopathic.

Gynaecological pelvic masses in
premenarchal girls

These account for 3–4% of all abdominopelvic
masses in children. Many are simple benign ovar-
ian cysts which fulfil the ultrasound criteria for a
cyst, usually being unilocular, thin-walled and totally
anechoic. Occasionally, haemorrhage within a sim-
ple cyst may alter the appearances so that they are
difficult to differentiate from solid ovarian masses.
Serous cystadenomas or cystadenocarcinomas may
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Figure 8.11 Transverse section of the lower abdomen showing

a mixed echo mass which histologically proved to be a

neuroblastoma.

Figure 8.12 (a) Multi-loculated semicystic semisolid lesion in

a 12-year-old girl with back pain. (b) Computed tomographic

examination of the pelvis shows that this arises from the

sacrum and is an aneurysmal bone cyst.

rarely occur in the ovaries of adolescents but are
very rare before puberty. In the investigation of solid
pelvic masses the primary role of ultrasound is to

Figure 8.13 Predominantly solid ovarian dysgerminoma lying

in the midline of the pelvis in a 10-year-old girl.

identify the organ of origin. Many of the solid masses
that can occur in the pelvis have similar appearances
and can be very difficult to differentiate. Although
many of the masses will arise from the ovaries,
it is important to remember that others such as
neuroblastoma, sacrococcygeal teratoma, lymph-
adenopathy, bowel-related lesions, abscesses (par-
ticularly related to the appendix) and pelvic inflam-
matory disease may occur (Fig. 8.11). Some of these
may mimic cystic ovarian masses (Fig. 8.12). Other
imaging modalities such as MRI and CT may aid dif-
ferentiation. Rhabdomyosarcomas may also present
as a pelvic mass throughout childhood. These arise
from the vagina in this age group. They may also
present as a mass at the introitus.

Ovarian tumours

About a third of these are malignant. The most com-
mon ovarian tumour is a teratoma (or dermoid cyst)
which is usually, but not always, benign, with the
most common malignant tumour being a dysgermi-
noma (Figs. 8.13 and 8.14). The most common
tumour to be seen in association with precocious
puberty is a granulosa thecal cell tumour (Fig.
8.15). Other rare causes of ovarian masses are fibro-
mas which can be associated with pleural effusions
(Meigs syndrome) and leukaemic infiltration.23,24

Teratomas can occur in both pre- and postpubertal
girls but are more common after puberty. They may
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Figure 8.14 Mixed cystic and solid tumour. Histologically this

proved to be a malignant teratoma.

Figure 8.15 A 6.5-cm solid fairly homogeneous mass lying

behind the uterus (arrow) in a 6-year-old and shown at surgery

to be an ovarian juvenile granulosa cell tumour.

present due to the presence of a mass or as a result
of torsion. Their appearances are varied. They often
have hyper- and hypoechoic elements and may con-
tain sebum, fat, hair and teeth. If the fat content is
significant they may be overlooked on ultrasound as
the echogenicity of the fat may be misinterpreted as
adjacent bowel. The most characteristic findings are
the presence of mural nodules and acoustic shadow-
ing from teeth or calcification within a complex, solid
and cystic mass (Fig. 8.16).25 Clinically, recurrence of
these tumours, if mature histologically, is unlikely

Figure 8.16 (a) An 11-year-old girl with a huge

abdominopelvic teratoma shown on ultrasound to be a

combination of cystic and solid areas with focal areas of

calcification. (b) Computed tomography confirms the

semisolid semicystic nature of the tumour as well as showing

the extensive focal calcification within.

and regimens for follow-up used in adults can safely
be used in children.26 From the clinical viewpoint it is
crucial that measurements in two planes are given to
allow the clinician to appreciate the overall size of the
lesion. It is impossible to give a confident histologi-
cal diagnosis but a gynaecologist is likely to observe a
small otherwise innocent-looking lesion but remove
a larger one.

Pelvic pain

This is a common problem in girls; a gynaecologi-
cal cause is unusual prepuberty. Adnexal torsion,
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Figure 8.17 Longitudinal section showing a haemorrhagic

ovarian cyst which is of uniform echogenicity.

which is more common after puberty, can also occur
before.

Adnexal torsion presents with acute or intermit-
tent abdominal or pelvic pain, which may be con-
fused with conditions such as appendicitis and other
common causes of abdominal pain in children,
such as mesenteric adenitis. Normal adnexal struc-
tures, which in young girls are unusually mobile,
may undergo torsion or there may be torsion of
an ovarian mass. The degree of torsion is vari-
able, ranging from lymphatic obstruction through
venous obstruction to arterial occlusion. This leads
to a markedly enlarged and oedematous ovary
which, if completely infarcted, will show no blood
flow on colour Doppler. The appearances may
be misinterpreted as those of an ovarian tumour
(Fig. 8.17). Occasionally a characteristic appearance
of distended follicles on the surface of an abnormally
enlarged ovary may give the clue to the diagnosis.
A study of 20 girls, 11 of whom were prepubertal,
showed a variety of appearances.27 Neonates and
young children with torsion were more likely to have
extrapelvic cystic or complex cystic masses, whereas
pubertal girls had predominantly solid masses in an
adnexal location. Colour Doppler signals were fre-

quently detected in the torted ovaries, with absent
flow in about a third of cases.

Ultrasound imaging of adolescent
gynaecological problems

Problems with menstruation

Problems with menstruation are very common in
adolescence.

Primary amenorrhoea is defined as the failure
to menstruate by the age of 16. Gonadotrophin
hormones (luteinising and follicle-stimulating hor-
mone) stimulate the graafian follicle within the ovary,
leading to ovulation. Following ovulation the corpus
luteum produces oestrogen and progesterone, which
prepares the endometrium for implantation. If fertil-
isation does not occur the blood levels of oestrogen
and progesterone fall and the endometrium breaks
down and menstruation ensues. Any interruption in
this pathway may cause problems with menstrua-
tion. Abnormalities in the region of the pituitary or
hypothalamus may be detected by MRI and rarely the
cause may relate to androgen-producing tumours
of the adrenal gland, which may be visualised with
ultrasound or CT. Primary amenorrhoea may be fur-
ther subdivided into those with otherwise normal
secondary sex development and those who remain
prepubertal. The role of ultrasound is to evaluate the
presence of the uterus, ovaries and vagina and to
assess whether they appear prepubertal or pubertal
in size and shape in addition to detecting genital tract
obstruction.18

Genital tract obstruction

Uterovaginal obstruction usually becomes apparent
at puberty when the onset of menstruation leads
to an accumulation of menstrual blood and sec-
ondary distension of the vagina (haematocolpos)
(Fig. 8.18). In addition the uterus may also be dis-
tended (haematometrocolpos) (Fig. 8.19) or, rarely,
the uterus alone is distended (haematometra). This
distension may lead to cyclical lower abdominal pain
without menstruation occurring.
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Figure 8.18 Soft-tissue mass of uniform density typical of

haematometrocolpos. The uterus distended with blood

products is seen at the left of the image.

Figure 8.19 Echogenic fluid distension of the vagina with less

distension of the uterus (arrow) in a 13-year-old girl with

haematometrocolpos.

Three main types of uterovaginal abnormalities
have been described28 and the corresponding ultra-
sound findings documented.29

1. disorders of vertical fusion such as imperforate
hymen, transverse vaginal septum and agenesis
of the cervix

2. agenesis of the uterus and vagina (Mayer–Rokin-
tansky–Kuster–Hauser syndrome). An active
Müllerian duct remnant with functioning

Figure 8.20 A pelvic abscess from a perforated appendix lying

behind the bladder (arrow) in an 11-year-old girl mimicking

haematometrocolpos.

endometrial tissue may lead to unilateral
haematometra

3. disorders of lateral fusion, usually leading to uni-
lateral obstruction

The ultrasound appearances of haematocolpos and
haematometrocolpos are of a tubular semifluid col-
lection lying in the midline of the pelvis behind the
bladder. The degree of internal echogenicity is vari-
able and on occasions the mass may appear solid.

Confusion can arise with other pelvic fluid col-
lections such as abscesses (Fig. 8.20). Infrequently
a single horn of a bicornuate uterus or one part of
a duplicated vagina may become obstructed and in
this situation a similar pelvic mass is present but with
normal menstruation (Fig. 8.21).

It must be remembered that in some cases
of unilateral obstruction a confusing clinical pic-
ture presents with the ultrasound appearances of
obstruction but with apparently normal periods. It is
important to consider this diagnosis with any pelvic
mass in this age group.30–32

Primary amenorrhoea with absence of sexual
characteristic development
Any girl without secondary sex characteristics at the
age of 14 warrants investigation. The commoner
causes are shown in Table 8.2.
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Table 8.2 Common causes of primary amenorrhoea

Constitutional delay

Chronic illness

Absence of ovarian function

Gonadal dysgenesis

Ovarian failure

Hypothalamic–pituitary

dysfunction

Figure 8.21 Unilateral haematocolpos (arrow) in a duplicated

genital tract in a teenage girl with lower abdominal pain but

normal menstruation. The normal right moiety of the genital

tract can also be seen (arrowhead).

In girls with constitutional delay there is delay in
maturation of the hypothalamic–pituitary–ovarian
axis. Growth, bone age and sexual characteristics are
all delayed. There is sometimes a history of such
delay in other family members. Any child who is
affected by a chronic illness may suffer a delay in
puberty which often responds when the illness is
treated.

Gonadal dysgenesis

The most common form of gonadal dysgenesis is
Turner’s syndrome, an abnormality of sex chromo-
somes (XO). In Turner’s syndrome the uterus is nor-
mal although it may remain prepubertal in size and
shape. About two-thirds of patients will have no visi-
ble ovarian tissue or simply ‘streak’ ovaries. On ultra-
sound, streak ovaries are visualised as very small

Figure 8.22 Longitudinal section of the ovary with multiple

small peripheral cysts. These features, together with clinical

findings are consistent with polycystic ovary syndrome.

confluent streaks of tissue in the expected region
of the ovaries. One-third of patients will have ‘non-
streak’ ovaries which have variable appearances on
ultrasound. These range from small ovaries, some-
times containing minute cysts, to normal-looking
ovaries.33 The importance of this differentiation is
that non-streak ovaries may retain a degree of func-
tion and in some cases spontaneous breast devel-
opment and uterine enlargement may occur. Artifi-
cial induction of puberty and treatment with growth
hormone34 in these young women cause uterine
growth which can be monitored by ultrasound.35

Other causes of ovarian failure
These are all rare and include chromosome abnor-
malities other than Turner’s syndrome, iatrogenic
causes, including surgery and radiotherapy of the
pelvis, and, more rarely still, infection. Ultrasound
appearances are those of a prepubertal uterus and
ovaries which are small or impossible to identify.

Congenital androgen insensitivity syndrome
(CAIS)

This syndrome, which is also known as testicular
feminisation syndrome, is caused by internal organ
insensitivity to androgens.
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Figure 8.23 Dilated fluid-filled fallopian tube (arrow) in a

teenage girl with pelvic inflammatory disease.

Figure 8.24 Transverse section of pelvis showing an

inflammatory mass.

These patients have no uterus, a rudimentary
vagina and testes lying somewhere between the
retroperitoneum and the labia. They have a male
karyotype and female phenotype.

Polycystic ovaries in childhood

Polycystic ovaries are a well-recognised cause of
delayed puberty or menarche in teenage girls and
this condition is considered later.

Secondary amenorrhoea

In teenage girls the most common cause of sec-
ondary amenorrhoea is pregnancy. Other causes
include functional cysts, polycystic ovary syndrome
or ovarian failure. Much rarer causes would be ovar-
ian tumours or central nervous system lesions.

Polycystic ovary syndrome
This is a common cause of menstrual disturb-
ance in adolescence. Polycystic ovary syndrome is
characterised by luteinising-hormone oversecretion
and hyperandrogenism. Disordered folliculogenesis
results and this is seen in as many as 23% of the
population.35 The syndrome should only be diag-
nosed where menstrual disturbance, obesity, acne
and hirsutism are found together with the appropri-
ate hormone profile.36, 37

Menstrual disturbances include secondary amen-
orrhoea or menorrhagia (heavy periods). On ultra-
sound scanning these ovaries must be differenti-
ated from the normally appearing multicystic ovaries
that are seen before or during puberty. Multicystic
ovaries are normal-sized ovaries containing more
than six cysts measuring greater than 4 mm in diam-
eter, but with a normal stromal pattern. Polycys-
tic ovaries may be of normal or increased size and
tend to have an excessive number of small, periph-
erally based cysts and an increased stromal pattern
(Fig. 8.22). However, not all girls with polycystic
ovaries will have polycystic ovary syndrome. Even
in the absence of manifestations of the polycystic
ovary syndrome there does appear to be an associ-
ation between polycystic ovaries, obesity and a later
reduction in fertility.38

Congenital abnormalities of the uterus

It may only be possible to detect these with ultra-
sound at or after puberty when the uterus has
enlarged. Even then some of the minor abnormalities
such as uterine and vaginal septa may be impossible
to visualise.

The most common congenital abnormality is a
bicornuate uterus where there is fusion which is



Paediatric gynaecological ultrasound 139

confined to the caudal end of the Müllerian duct sys-
tem. This leads to two uterine bodies joined at vari-
able levels above the cervix. On ultrasound examina-
tion the uterus may be slightly wider than usual with
two endometrial echoes from each cornual region
which converge in the lower uterine body.39

Much less common is the finding of uterus didel-
phys where there is failure of fusion of the dual
Müllerian duct system leading to two uteri, two cer-
vices and two vaginas. Unilateral failure of Müllerian
duct development is slightly more common, giving
a uterus unicornis unicollis which, on ultrasound,
appears as a smaller than normal uterine body with
a single cervix and vagina.

Pelvic masses in adolescent girls

Many of these have been described in the section on
premenarchal girls, above. With the onset of puberty
the incidence of functional ovarian cysts, which may
vary in size from 2 to 10 cm, increases greatly. These
functional cysts may present as palpable masses
or give pain due to torsion or rupture. They may
be follicular, corpus luteal or theca lutein cysts. The
latter cysts may be multiloculated and therefore
confused with cystadenoma or even cystadeno-
carcinoma.

Pelvic pain

Gynaecological causes of pelvic pain include mid-
cycle mittelschmerz pain, torsion or rupture of
ovarian cysts, torsion of normal ovaries or ovar-
ian masses, endometriosis, ectopic pregnancy and
pelvic inflammatory disease (Figs. 8.23 and 8.24).
The risk of pelvic inflammatory disease is increased
in the young sexually active adolescent. The ultra-
sound findings of these conditions have either been
described elsewhere in this chapter or are identi-
cal to those that have been well-described in the
adult population. Non-gynaecological causes, such
as appendicitis, need to be borne in mind and looked
for when carrying out ultrasound examinations for
acute lower abdominal pain.

Figure 8.25 (a)Ureterocele within the bladder and associated

hydroureter (arrowhead) in a newborn girl. (b) Further

examination reveals an obstructed upper-pole moiety of a

duplex kidney.

Associated renal tract abnormalities

It should be remembered that a number of congeni-
tal abnormalities of the genital tract are also associ-
ated with abnormalities of the renal tract and these
should be looked for at the time of the ultrasound
scan. These include renal agenesis, renal ectopia
and horseshoe kidneys. When scanning the pelvis,
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abnormalities of the renal tract may cause confu-
sion. Dilated tubular structures behind the bladder
may be due to dilated ureters and cyst-like struc-
tures within the bladder may be due to ureteroceles.
Both of these findings should lead to an examina-
tion of the kidneys to look for hydronephrosis and
the presence of duplex collecting systems (Fig. 8.25).
A bladder diverticulum may be misinterpreted as an
adnexal cyst and a close look for a communication
with the bladder should be made.

Conclusion

Ultrasound examination of the paediatric female
pelvis requires a thorough knowledge of the devel-
opmental changes that take place in the uterus and
ovaries between birth and puberty. It also requires
knowledge of the various congenital abnormalities
that may occur and their associations with abnor-
malities elsewhere within the abdomen. The main
role of ultrasound in the evaluation of a pelvic mass
is to define whether the mass is cystic or solid and
its organ of origin. Many of the solid pelvic masses
have similar ultrasound appearances and a specific
pathological diagnosis cannot be made until the time
of surgery or biopsy.
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Introduction

Probably the most significant contribution in the
history of ultrasound within the field of obstetrics
and gynaecology came from Professor Ian Donald at
Glasgow in the early 1960s.1 The types of pathology
first identified in the uterus by pelvic ultrasonic scan-
ning included hydatidiform moles2 and retained
products of conception.3 Kratochwil4 first described
transvaginal ultrasonography in 1969, but it was only
after its evaluation of infertility in the 1980s that
its full potential was realised.5 It is now also used
in the investigation and management of infertility
and assisted reproduction, early pregnancy,6 tubal
pregnancy7 and first-trimester pregnancy-related
conditions.

Clinical use of ultrasound in gynaecology

Why do gynaecologists request ultrasound scans? As
in all clinical areas, examination skills are being lost
or open to marked interobserver variation, result-
ing in greater reliance on investigations as a sub-
stitute. This opens up the abuse of such investi-
gations with requests made with little thought as
to how the investigation will help in diagnosis or
management. Ultrasound should in no way replace
physical examination; it should assist in building the
clinical picture to contribute to appropriate patient
management.

There are occasions, nevertheless, where the
bimanual examination is just not enough. Obesity
makes it more difficult to feel pelvic organs, and
in such circumstances a transvaginal scan makes
the pelvic organs more accessible. The patient may
be virgo intacta and so pelvic examination is obvi-
ously inappropriate, or in a postmenopausal woman
with atrophic tissues, examination may be very dif-
ficult or sometimes impossible due to discomfort.
Ultrasound can also be used to reduce the use of
more invasive investigations such as hysteroscopy
or laparoscopy and may also reduce the chance of
investigative major abdominal surgery.

From a clinical viewpoint the use of ultrasound
can be roughly divided into pregnancy-related and
non-pregnancy-related. In gynaecology, pregnancy-
related topics usually refer to miscarriage (more
properly referred to as early pregnancy loss) and
ectopic pregnancy. Non-pregnancy-related clinical
conditions range from lost intrauterine contracept-
ive devices through to postmenopausal bleeding.
This chapter will concentrate on non-pregnancy-
related clinical situations and helps to put into a clin-
ical context the use of ultrasound in daily practice.

Non-pregnancy-related gynaecological
conditions

It is perhaps easier to consider the need and prac-
tical use of ultrasound in gynaecology when one

C© Cambridge University Press 2005.
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Table 9.1 Causes of abnormal uterine bleeding

Organic Iatrogenic

Uterine Intrauterine contraceptive

device

Anticoagulants

Progesterones

Obesity

Fibroids

Endometriosis

Adenomyosis

Endometrial/cervical polyps

Pelvic inflammatory disease

Endometrial hyperplasia/

malignancy

Coagulopathies

Congenital deficiencies

Thrombocytopenia

Leukaemia

Systemic disorders

Hypothyroidism

Systemic lupus

erythematosis

Chronic liver failure

considers the symptom groups that are encountered.
In broad terms, gynaecological patients requiring
ultrasound fall into four main categories: (1) those
with symptoms relating to ‘period problems’ (abnor-
mal uterine bleeding: AUB); (2) symptoms relating to
infertility; (3) symptoms or signs relating to a pelvic
mass; and (4) pelvic pain. By far the commonest con-
dition seen by gynaecologists is menstrual disorders.

Abnormal uterine bleeding

AUB can be divided into three main groups:
(1) regular or irregular heavy bleeding (menor-
rhagia/metrorrhagia); (2) intermenstrual bleeding
(IMB); and (3) postmenopausal bleeding (PMB),
which includes abnormal bleeding on hormone
replacement therapy (HRT).

There are many causes of AUB, ranging from
organic to iatrogenic (Table 9.1). Once these are
excluded in the premenopausal woman, a diagno-
sis of dysfunctional uterine bleeding (DUB) remains.
In the postmenopausal group, 96% will have a
gynaecological cause for the PMB and the remain-
der are non-gynaecological8 (Table 9.2).

Table 9.2 Causes of postmenopausal bleeding

Gynaecological (96%) Non-gynaecological (4%)

Malignant (12%)

Primary tumours

Secondary tumours

Per rectum or per urethram

bleeding, from

gastrointestinal or

genitourinary tract

pathology, may be mistaken

for per vaginam bleeding in

a minority of cases

Benign (88%)

Atrophic genital changes

Exogenous/endogenous

Oestrogen

Benign tumours

Infection

Injuries

Premenopausal patients
Changes in women’s lifestyles through the genera-
tions have meant that they are having fewer chil-
dren, are breast-feeding for shorter intervals and fre-
quently have busier lives trying to balance a family
life and a career. Women therefore have more periods
than previous generations, are less tolerant of them
and seek advice more often. AUB, occurring before
the menopause, accounts for nearly a third of refer-
rals to a gynaecologist. The pattern of bleeding may
be excessive heaviness, losing clots, with or without
flooding each month, or a totally chaotic cycle with
no pattern at all.

In premenopausal women the need to investi-
gate the uterus is because of the likelihood of find-
ing significant intrauterine pathology which may
be the cause of the bleeding. Once found, fibroids
and polyps can be treated in the hope of resolving
the symptoms. Women who do not have an organic
cause for the bleeding, that is, no pathological basis,
are classified as having DUB.

The traditional method of investigating such
women was by dilatation and curettage (D&C), a
blind sampling technique performed under general
anaesthesia with a sharp metal curette. Hys-
teroscopy, the direct visualisation of the uterine cav-
ity with an endoscope, has superseded D&C9 and will
identify intrauterine pathologies in approximately
45% of this group of women. In other words, 55%
of women investigated by hysteroscopy will have an
apparently normal uterus (DUB).
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Figure 9.1 A typical outpatient hysteroscopy setting.

With the advances in lens technology, hystero-
scopes have become smaller and more versatile and
are now routinely used in the outpatient setting
with no analgesia required.10–12 Figure 9.1 shows a
standard outpatient hysteroscopy set-up with the
chair, and camera stack allowing the patient to watch
the hysteroscopy if she wishes. Figure 9.2 shows a
standard flexible hysteroscope routinely used in the
outpatient setting.

As so many women were found to have normal
uterine cavities (Fig. 9.3), this led to the recent inter-
est in transvaginal ultrasound as a screening tool
for the diagnosis of normality in such women. The
advantages are that it is a non-invasive procedure
and more realistic use of resources.

Figure 9.2 A typical flexible hysteroscope.

Figure 9.3 Hysteroscopic view of a normal uterine cavity.

If normality can be used as the basis for screening
with ultrasound, why can ultrasound not be used for
all cases of AUB in premenopausal women? The limi-
tation of ultrasound in the presence of pathology
is its inability to define the presence, location and
character of any given abnormality reliably. The sen-
sitivity of transvaginal ultrasound in this situation
is at best 75%.13,14 Studies that have assessed the
role of ultrasound in such a group of women have
failed to justify its place in clinical practice because of
the need for the clinician to be able to map the
abnormality accurately, so that appropriate treat-
ment may be provided.15
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At present, therefore, ultrasound has a potential
role in acting as a triage mechanism in women
with DUB by screening out those patients who do
not require subsequent hysteroscopy. There may be
additional benefit in the use of ultrasound in this
group of women because of the ability to visualise
the ovaries. Whether additional information on ovar-
ian pathology, gathered during the ultrasound, is a
bonus, has yet to be clarified.

Management of dysfunctional uterine bleeding
The management of patients in whom no intrauter-
ine pathology is discovered at investigation can be
through either medical or surgical therapy. Med-
ical therapy consists of hormonal-based or non-
hormonally based drugs. If the menstrual cycle is
chaotic, progesterone is often used to stabilise the
menstrual loss. Alternatively, if there are no con-
traindications, the combined oral contraceptive pill
is excellent in controlling menstrual loss, especially
in a younger woman who also requires contracep-
tion. In a non-smoking patient the pill can be used
beyond the age of 35. Non-hormonal therapy acts
by controlling the haemostatic mechanisms in the
endometrium, for example, tranexamic acid, or the
prostaglandin production in the uterus, for example,
mefenamic acid. Mefenamic acid is used in women
who have a regular but heavy menstrual loss and is
taken only whilst the woman is menstruating.

The Mirena intrauterine system
A more recent development, the Mirena intrauterine
system (IUS), licensed in the UK in May 1995, was ini-
tially marketed as a contraceptive device but over the
last decade it has become a very versatile treatment
option for a variety of clinical indications and it is
now used widely throughout the UK. Potential uses
of the Mirena IUS include:� contraception� fibroids� premens trial syndrome� hormone replacement therapy� endometrial hyperplasia� endometriosis� adenomyosis

16mm 32mm

Figure 9.4 The Mirena intrauterine system.

� tamoxifen users� endometrial preparation� menorrhagia
The Mirena IUS (Fig. 9.4) comprises a T-shaped

polyethylene frame carrying a white hormone cylin-
der 19 mm in length around the vertical arm, cre-
ating an outer diameter of 2.8 mm. The cylinder
contains a mixture of polydimethylsiloxane (50%)
and levonorgestrel (LNG) (50%) and is covered by
a polydimethylsiloxane membrane, which regulates
the release of the LNG. The total amount of LNG in
the system is 52 mg. After insertion into the uterus,
LNG is released from the reservoir at an initial rate of
20 �g/24 hours directly to the endometrium. The T-
shaped frame is impregnated with barium sulphate
to make the system X-ray-detectable. Dark monofila-
ment polyethylene threads are attached to the lower
end of the vertical arm.

The Mirena may be left in situ for 5 years. The thera-
peutic effects of the Mirena IUS are based on local
effects in the uterus. The progesterone release has a
contraceptive action that complements the mechan-
ical effect of the device but it also has a direct effect on
the function of the adjacent endometrium. Endome-
trial proliferation has been shown to be prevented by
the local administration of LNG, which inhibits the
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function of oestradiol in the endometrium;16 also
LNG thickens the cervical mucus, thus inhibiting
sperm motility and function.17 Suppression of ovu-
lation may occur in some women using the Mirena
IUS, but on average 75% of cycles have been shown
to be ovulatory.17,18 The device may also have a weak
foreign-body effect.16

Patients presenting with menorrhagia whose
symptoms are refractory to conventional medical
therapy traditionally face the choice of either under-
going a hysterectomy or, more recently, alterna-
tive, less invasive surgical treatment. Endometrial
resection is the alternative to hysterectomy that
has been formally assessed in clinical trials.19–22

This involves a general anaesthetic, insertion of
an operative hysteroscope and the removal of the
endometrial lining using a loop through which
diathermy is passed cutting through and destroy-
ing the endometrium. The benefits to the patient
include shorter hospital stay, less postoperative mor-
bidity, quicker return to work and speedier overall
recovery.

More recently, newer second-generation ablative
techniques23 have increased in both number and
popularity, having been developed to equal or exceed
the efficacy of the first-generation ablative methods,
whilst simultaneously aiming to reduce the com-
plications by removing the requirement for hys-
teroscopic skills. The intention is for the newer
technologies to be suitable for use by general gynae-
cologists who will not have undergone the lengthy
training necessary for endometrial resection. These
techniques use ablative methods such as microwave
and circulation of hot water in balloons. These tech-
niques, unlike the traditional resection method, are
blind and therefore a request for ultrasound may be
made to assess the thinnest part of the uterine wall
to evaluate the risk of uterine perforation during the
procedure.

Hysterectomy is the most traditional surgical
method and can be performed by the abdominal
route (usually with a transverse scar in the lower
abdomen) or by the vaginal route. The reason for
using the abdominal route as opposed to the vagi-
nal route was often because of operator preference,

uterine size or the presence of other pelvic pathol-
ogy, such as adhesions and ovarian cysts. With the
introduction of laparoscopic-assisted vaginal hys-
terectomy (LAVH), the ability to perform a vaginal
hysterectomy in more cases is now possible.

Premenopausal abnormal uterine bleeding –
key points� Hysteroscopy identifies pathology in about

45% of women� 55% have dysfunctional uterine bleeding with
no evident pathology� Ultrasound:� is a useful screening tool, identifying pathol-

ogy such as polyps or fibroids� screens out those with a normal uterus
who would otherwise have gone on to hys-
teroscopy� is limited in its ability to map the location of
abnormalities accurately and reliably char-
acterise them� may give useful additional information
regarding the ovaries� Treatment options for dysfunctional uterine

bleeding include:� medical therapy� Mirena intrauterine system� endometrial resection – traditional or
second-generation� hysterectomy

Postmenopausal patients
Women with PMB are often anxious about the possi-
bility of cancer and frequently concerned about the
need for an operation. Investigations in this group of
women should aim to exclude serious pathology but
should also use the investigation to give the woman
the maximum amount of information to help make
decisions when choosing management.

Women with abnormal bleeding after the
menopause are a group more at risk of endometrial
cancer than their premenopausal counterparts. The
risk of cancer increases with age; therefore there is
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a need for more urgent investigation in this group
of patients. Once more, the traditional approach to
investigation was by performing a D&C but latterly
hysteroscopy has taken over as the gold standard.
If ultrasound is used as the screening tool in this
group it is essential that its accuracy in excluding
pathology matches that of direct visualisation at
hysteroscopy, especially as hysteroscopy, as an
outpatient procedure, has become more patient-
acceptable.24 Attempts at utilising ultrasound in
PMB patients have centred on the measurement of
endometrial thickness. It has been suggested that
an endometrial thickness of less than 5 mm is a
useful screening end-point for the determination of
normality.25 Many studies have taken other meas-
urements (< 3 and < 4 mm).26 There are a number
of problems with this approach: firstly, endometrial
cancers have been identified in women whose
endometrium is less than 5 mm.27 This may mean
that a lower cut-off measurement should be used,
but this would then generate an increased number
of hysteroscopies. Secondly, there is considerable
intra- and interobserver variation in ultrasound
measurements, which would have to be taken into
account if universal screening becomes employed.28

The same arguments concerning the identifica-
tion of abnormalities in premenopausal women
apply to postmenopausal women. The latter are
still likely to have endometrial polyps (22%) and
fibroids (15%). In addition, the presence of endome-
trial hyperplasia (a pathological diagnosis with a
risk of coincident endometrial cancer which may be
found as a localised area of thickened endometrium)
may be missed.

In both these categories of patients there are
continuing developments in ultrasound technology
that show promise in improving diagnostic accu-
racy. The use of a contrast medium, in the form of
saline, appears to enhance the view obtained, allow-
ing accurate visualisation of polyps and fibroids.
In addition, the saline may make the definition of
a thin endometrium easier. Doppler studies of the
endometrial–myometrial interface to identify vas-
cular angiogenesis have looked promising29 but have
not been widely adopted in routine practice. How-

ever the detection of feeding vessels with Doppler
has been useful in identifying polyps.

Postmenopausal bleeding and tamoxifen
A specific group of postmenopausal patients is
attracting an increasing number of new referrals to
gynaecologists and ultrasonographers. This group
consists of patients with breast cancer who are on
long-term tamoxifen therapy. Tamoxifen, which is a
partial oestrogen antagonist, is extremely effective
in controlling breast disease. Its antagonistic action,
however, is in the endometrium. This can lead to
excessive oestrogen stimulation in the endometrium
and endometrial polyps, endometrial proliferation
and, in some cases, endometrial cancer. The exact
relationship between tamoxifen and its endometrial
effects is currently being investigated. Tamoxifen-
related polyps and endometrial changes may be dif-
ficult to detect by ultrasound. Because of the tissue
effects of tamoxifen, the endometrium can simply
seem thickened, but when subsequent hysteroscopy
is carried out the true nature of the lesion is seen.
The polyps are often very soft and vascular with
stromal thickening and oedema, and their removal is
essential.

Postmenopausal abnormal uterine bleeding –
key points� This group has an increased risk of endometrial

carcinoma� Hysteroscopy is the gold standard for investi-
gation� Ultrasound:� can be used as a screening tool� enables measurement of the endometrial

thickness, which correlates with the presence
of pathology� the cut-off point, in millimetres, is a balance
between generating too many hysteroscopies
(if set too low) and missing abnormalities (if
set too high)� Tamoxifen may be associated with endome-
trial proliferation, polyps and endometrial
cancer
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Figure 9.5 Hysteroscopic view of an endometrial polyp.

Figure 9.6 Hysteroscopic view of a fibroid (type 0).

Fibroids and polyps
In both groups of patients with AUB, fibroids and
polyps can be found at hysteroscopy and ultrasound.
From the clinical viewpoint, the exact site and char-
acter of these lesions are becoming important issues.
There is a growing body of evidence that the removal
of the lesion alone, rather than the total removal
of the uterus, has a successful chance of improv-
ing the patient’s symptoms.30,31 With advances in
hysteroscopic surgery it is now possible to remove
these lesions with the minimum of trauma and under
direct vision.

Figure 9.7 Classification of submucous fibroids. Courtesy of

the European Society of Hysteroscopy.

Polyps (Fig. 9.5) are exuberant endometrial pro-
liferation and, more often than not, are benign in
nature. However, they can be the site of endome-
trial carcinoma and as such should be removed in
postmenopausal women.32 Removal of polyps in
symptomatic women is more likely to result in cessa-
tion of symptoms in the postmenopausal group than
the premenopausal group. The difficulty ultrasound
has in the detection of polyps is in differentiating
between a thick endometrium and that containing a
polyp.

Fibroids can be found in three places in the
uterus. They may be subserosal, on the outer sur-
face of the uterus, intramural, within the myome-
trial wall, or submucous, impinging on the endome-
trial cavity (Fig. 9.6). The former is not amenable to
hysteroscopic surgery and is also unlikely to be
involved in the evolution of the patient’s bleeding
symptoms. Fibroids in the intramural portion of the
uterus may be removed by hysteroscopic resection,
but it is difficult. The final site, impinging on the
endometrial cavity, is the site most amenable to hys-
teroscopic surgery.30 For the patient and the clini-
cian, it is important to know the exact site of the sub-
mucous fibroid (Fig. 9.7). How much of the fibroid
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is present in the endometrial cavity as opposed to
the wall of the uterus and the size of the fibroid are
important pieces of information. Both these issues
are taken into account during patient counselling
and are indices used to establish the ability to treat.
The success rate of the procedure is also determined,
preoperatively, using these indices. Patients need to
be warned of the possibility of a two-stage procedure
to treat the fibroid and this can only be done if the
information is available. To date, hysteroscopy is the
best way of obtaining this information but contrast
sonography may prove useful in the future.

Fibroids and polyps – key points� Treatment options for fibroids include hystero-
scopic resection or hysterectomy� Submucous fibroids are more amenable to hys-
teroscopic removal than intramural fibroids.
The exact location and size of the lesion are
important in treatment planning, counselling
and in predicting the success of treatment� Polyps may be the site of endometrial carci-
noma� Removal of polyps alleviates symptoms in
postmenopausal women more successfully
than in premenopausal women

Pelvic masses and gynaecological cancer

Patients are often referred specifically to investigate
a pelvic mass. The most serious concern is that of
ovarian carcinoma. Other reasons for a pelvic mass
are large fibroids, benign ovarian cysts, inflamma-
tory masses and non-gynaecological causes (such
as inflammatory bowel disease, diverticular disease
and colonic carcinoma). Usually, the patient’s symp-
toms are not overt but, occasionally, there are vague
symptoms of abdominal bloatedness or pressure
symptoms relating to bladder function.

Ultrasound plays a key role in the differentiation
of pelvic masses. Large fibroids are usually readily
identifiable. If not removed surgically by the clini-
cian, subsequent monitoring of the fibroid can be

performed with further ultrasound scans in order to
assess pressure on the renal tract and subsequent
hydronephrosis. Ovarian cysts can be easily iden-
tified by ultrasound. Features suggestive, but not
indicative, of malignancy are solid and cystic compo-
nents and vascular neogenesis as seen with Doppler
examination.33 Usually, laparotomy is carried out in
the presence of a suspicious pelvic mass and the final
histology is obtained thereafter. Subsequent follow-
up of patients with malignant disease of the ovary
may occasionally be carried out by ultrasound, but
CT is superior in its ability to stage and monitor
spread of disease.

Malignant ovarian tumours
Malignant ovarian cysts all need to be removed at
laparotomy. The nature of ovarian cancer is that it
tends to present late in the stage of the disease, and
this often means that the disease has spread beyond
the pelvis. Computed tomography (CT) is superior to
ultrasound in its ability to stage the disease, detect-
ing spread into adjacent organs, omentum and lym-
phadenopathy. It provides a good baseline for moni-
toring the results of debulking surgery and the effects
of subsequent chemotherapy.

Surgery for ovarian cancer necessitates removal
of as much of the malignancy as possible and usu-
ally means a hysterectomy, removal of both ovaries
and, in addition, removal of the omentum and
appendix. The ability of postoperative chemother-
apy, as needed in nearly all cases, to be effective, is
to some extent determined by the volume of disease
remaining after surgery. The smaller the volume of
tissue, the better the chance of a response. The prog-
nosis for ovarian cancer also depends on the stage of
the disease; the more confined the cancer, the better
the outcome. Despite this, because of the late pre-
sentation of the disease in many women, the overall
survival for ovarian cancer is poor. The cumulative
lifetime risk of developing ovarian cancer is 1.5% and
the risk of dying from cancer is similar, 1.3%.

Benign ovarian tumours
Ovarian masses that appear benign and are persist-
ently greater than 4 cm in diameter may need to
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be explored surgically with subsequent removal. If
left in place ovarian cysts may bleed or tort and can
therefore result in an acute episode with emergency
admission. It is better to have the cyst removed elect-
ively. Benign ovarian cysts can often be removed
laparoscopically, but sometimes there is no normal
remaining tissue and in these cases the whole ovary
may need to be removed together with the cyst.

Benign ovarian cysts are more likely to be unilocu-
lar and completely cystic. Physiological benign cysts,
such as ovulatory cysts and corpus luteal cysts,
are well recognised and, if doubt exists, may be
rescanned at a different stage in the cycle to ensure
resolution. Usually, cysts fewer than 4 cm in diameter
resolve spontaneously.

Dermoid cysts are benign cystic teratomas and
have solid features within the cyst. As there is the
chance of bilateral dermoid cysts in a proportion
of patients, screening of the non-affected ovary is
important. Occult cysts, seen at ultrasound in the
presumed unaffected ovary, would warrant a careful
examination at the time of removal of the affected
side.

Ovarian fibromas are benign, hard, solid tumours
which generally carry no risk of malignancy. These
may be found incidentally, most frequently around
50 years of age, and fewer than 10% of cases are bilat-
eral. Most can be managed conservatively. However,
surgical removal may be necessary if the lesions are
large, causing symptoms, or in rare cases of Meigs’
syndrome (1% of cases) when they cause ascites and
pleural effusions.

Ovarian screening
Screening for ovarian cancer by ultrasound has
been investigated.34 Pelvic ultrasound in combina-
tion with CA125 (a tumour marker) has been the
method used (see chapter 6). However, if this screen-
ing procedure was introduced in the general pop-
ulation, a huge number of people would have to be
screened to detect a very small number of malignan-
cies. In addition, a substantial number of patients
would have benign cysts and would undergo laparo-
tomy for a non-malignant condition. Overall, this
strategy for screening has not been pursued because

of the above considerations. In high-risk families,
who have a first-degree or close relative with ovarian
cancer, limited screening is available. It is important
that this screening is done in a facility where genetic
counselling is available.

Cervical cancer
Cervical cancer tends to be diagnosed clinically or
as a result of cervical cytology. However ultrasound,
may be important in the preliminary investigation of
patients. If ureteral involvement is suspected identi-
fication of ureteral dilatation or pelvicalyceal dilata-
tion would then lead to more extensive investigation
using CT.

Pelvic masses – key points� Pelvic masses may present with abdominal
bloating and/or bladder symptoms� Ultrasound is the first-line investigation� Treatment options for ovarian carcinoma
include:� computed tomography for staging of carci-

noma and postoperative follow-up� laparotomy-hysterectomy, bilateral sal-
pingo-oophorectomy, omentectomy and
lymphadenectomy� postoperative chemotherapy.� Diagnosis of cervical cancer is usually made

clinically and with cervical cytology. Ultra-
sound may identify renal tract involvement

Infertility

This is comprehensively discussed in Chapter 7.

Investigation of the infertile couple
In routine clinical practice there are three areas
causing problems with conception: (1) male factor;
(2) tubal factor; and (3) anovulation. A semen ana-
lysis should be obtained from all couples before any
invasive investigations are performed on the female
partner to establish or exclude male-factor infertil-
ity. Tubal disease is best assessed by laparoscopy and
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dye test, hysterosalpingography or hystero-contrast
sonography.35 The diagnosis of anovulation is usu-
ally made by repeat progesterone assays around day
21 of a 28-day cycle. Causes of anovulation, such as
polycystic ovaries, can be readily identified by ultra-
sound and characteristic features recognised.36

In women with long menstrual cycles, timing by
dates may be impossible, and in these cases follicular
mapping, performed serially, can be very useful in
determining the correct time to carry out the test
and to time intercourse.

Monitoring of assisted conception
Ultrasound monitoring of ovarian and endometrial
response to stimulation regimes is now established
practice in fertility centres. The ability to time cycles,
harvest eggs and to prevent multiple pregnancies has
been made possible by the concomitant use of ultra-
sound and hormonal monitoring, and it is essential
for the guidance of harvest procedures, obviating the
need for laparoscopic egg retrieval.37

Ultrasound is also useful in reducing the complica-
tions associated with therapy. Ovarian hyperstimu-
lation, following the maturation of a large number
of follicles, is one of the most serious complications
for women undergoing gonadotrophin therapy, and
is responsible for major maternal morbidity. The
underlying problem of capillary leakage from the
stimulated ovary can lead to ascites, pleural effu-
sions, hypovolaemia and venous thrombosis. The
problem can be avoided or reduced by withhold-
ing administration of the ovulation induction agent
(human chorionic gonadotrophin) when too many
follicles are present.38

Endometriosis
Endometriosis is defined as the presence of tissue
that is histologically similar to endometrium outside
the uterine cavity and the myometrium. It is a rela-
tively common disease with estimates from 2 to 50%
of all women who undergo laparoscopy.

The relationship between endometrosis and infer-
tility is complex and poorly understood. The preva-
lence within the infertile population is between 20
and 40%. The main symptoms are dysmenorrhoea,
pelvic pain, dyspareunia and infertility.

The use of transvaginal ultrasound has improved
the diagnosis of clinically undetectable ovarian cysts
but it has a poor sensitivity.

The wide range of presentations of endometriosis
allows a variety of treatment options to be considered
depending on age, need for contraception, repro-
ductive status and so on. The main goals of treatment
are to relieve symptoms and restore fertility where
necessary. Treatment includes medical options such
as the combined oral contraceptive pill, progesto-
gens, danazol and gonadotrophin-releasing hor-
mone analogues. Surgical options include laparo-
scopic diathermy to endometriosis, excision, ovarian
cystectomy or hysterectomy and oophorectomy.

The acute pelvis

Female patients admitted via casualty with a history
of acute lower abdominal pain are often assessed
by gynaecologists. The first diagnosis to exclude or
consider is ectopic pregnancy, which is discussed
under pregnancy-related gynaecological conditions,
below.

Pelvic inflammatory disease
The second most common condition to consider is
pelvic inflammatory disease. The symptoms most
often described in pelvic infection are bilateral low
abdominal pain and a vaginal discharge. Patients
are not always pyrexial. Examination usually reveals
bilateral iliac fossa tenderness, sometimes with
guarding, with both adnexal regions usually tender
to palpation. Vaginal examination may reveal a cervi-
cal discharge, but not always. The diagnosis is based
on the clinical symptoms and confirmatory bacter-
ial swabs; however, ultrasound can be used to cor-
roborate the findings and, more usefully, to exclude
other pathology. The finding of fluid in the pouch
of Douglas has been used to help confirm a clin-
ical suspicion of pelvic inflammatory disease39 but
may also be found in a ruptured ectopic pregnancy.
A pelvic abscess has characteristic appearances on
ultrasound and the patient is often quite toxic.

Patients with a suspected diagnosis of pelvic
inflammatory disease are usually treated with antibi-
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otics, after bacterial swabs have been taken from
the endocervix and the high vagina. Registration
with a genitourinary clinic with contact tracing is
also an important part of the patient’s manage-
ment. Occasionally, if the patient’s symptoms do not
respond to conservative antibiotic therapy, a diag-
nostic laparoscopy is carried out to ensure there is
no pelvic collection or abscess formation. In patients
with a pelvic abscess, intravenous antibiotics are also
important but the abscess should be drained sur-
gically at laparoscopy or via ultrasound guidance
where amenable, in order for symptoms to resolve.

Ovarian cyst accidents
Pain low in the pelvis may also be associated with
ovarian cysts. The commonest cysts to cause such
symptoms are corpus luteal cysts, which have rup-
tured, usually postcoitally. Ovarian cysts may also
become twisted on their pedicle (torted) or bleed
internally into the substance of the cyst itself.

Patients who are admitted with a history of acute
pelvic pain and who have a cyst diagnosed at subse-
quent ultrasound may need to undergo laparoscopy
to assess the nature of the cyst and treat it accordingly
if the pain does not settle with conservative man-
agement. Often a haemorrhagic cyst may require
removal, together with the ovary, if it is affected. A
torted ovarian cyst will need to be removed but the
ovary may be conserved if it has not been affected by
the interruption in its blood supply; in other words,
if it has not become ischaemic. Laparoscopic treat-
ment rather than laparotomy should be possible in
the majority of cases.

Fibroid red degeneration
Pedunculated fibroids on the surface of the uterus
can also be a source of pain because of torsion or
red degeneration. The latter is most often associated
with pregnancy and occurs as a result of the fibroid
outgrowing its blood supply, with subsequent haem-
orrhage into itself. Fibroid red degeneration can be
very difficult to manage, as the only option is pain
relief until the pregnancy reaches a suitable gesta-
tion to deliver the baby.

The acute pelvis – key points� High index of suspicion for ectopic pregnancy� Pelvic inflammatory disease (PID) is a com-
mon cause of lower abdominal pain and may
be accompanied by vaginal discharge� Diagnosis of PID clinically is confirmed by bac-
terial swabs and ultrasound scan� Treatment is with antibiotics and subsequent
drainage of abscess if symptoms persist� Ovarian cysts are assessed laparoscopically
and may be removed if haemorrhagic or torted

Pregnancy-related gynaecological
conditions

In most gynaecology units throughout the UK, the
introduction of early-pregnancy assessment units
has advanced the early diagnosis and management
of complications of early pregnancy. Such units
incorporate a dedicated team of nursing staff, famil-
iar with early-pregnancy protocols, along with qual-
ified ultrasonographers to perform the scanning. A
multidisciplinary approach is recommended for the
care of these women as it can obviously be a very
difficult time, with uncertainty about the viability of
their pregnancy.

Ectopic pregnancy

The incidence of ectopic pregnancy has shown a con-
sistent increase during the last two or three decades,
in particular with the increase in assisted concep-
tion techniques. However, it is difficult to compare
the various publications because ectopic pregnancy
is seldom described in absolute numbers. Most often
it is expressed as an overall rate, such as ectopic
pregnancy per 1000 live births. The current incidence
rate for ectopic pregnancy in western societies is 11.5
per 1000 pregnancies. In the UK, ectopic pregnancy
accounts for about 10% of maternal deaths and is the
fifth commonest cause of direct maternal death.40

In the western world as a whole, ectopic pregnancy
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is the major cause of maternal mortality in the first
trimester.

Ectopic pregnancy is often difficult to diagnose
and a high index of suspicion should be maintained
when a woman of reproductive age complains of
abdominal pain. In current practice, in patients with
abdominal pain, the diagnosis is only definitive in
fewer than 50% of cases. Ectopic pregnancy may
mimic the symptoms of other gynaecological con-
ditions, such as pelvic inflammatory disease, rup-
tured corpus luteum, DUB and incomplete abor-
tion. Abdominal pain is the commonest symptom
and is frequently present even before rupture. Amen-
orrhoea is reported in 75–95% of patients. The last
menstrual period is often described as lighter than
normal and may occur earlier or later than expected.
The most common physical sign is abdominal ten-
derness, often associated with rebound tenderness.

The role of ultrasonography in suspected ectopic
gestation is to attempt to localise the pregnancy. If the
pregnancy is found to be intrauterine, ectopic preg-
nancy is virtually excluded because the combination
of intrauterine and ectopic pregnancy is extremely
rare in normal conceptions (1 in 30 000), although in
stimulated in vitro fertilisation pregnancies the het-
erotopic pregnancy rate is higher. The interpretation
of ultrasound findings is dependent on the accurate
knowledge of the duration of amenorrhoea.

It is well known that more than a third of patients
with ectopic pregnancy do not know the date of
their last menstrual period, and in others irregular
bleeding may lead to confusion. If no gestational
sac or pregnancy is seen on transabdominal ultra-
sound and a pregnancy test is positive, an ectopic
pregnancy is highly likely.

A major advantage of transvaginal sonography is
that it can diagnose normal or failed intrauterine
pregnancy at least 1 week earlier than by transab-
dominal sonography.41 In particular, when trying
to differentiate between a pseudogestational sac, as
occurs with ectopic pregnancy, and a normal early
intrauterine gestational sac, the transvaginal probe
is more useful than a transabdominal scan.

Ectopic pregnancy is a potentially dangerous con-
dition that should be managed with the utmost

of care. Initial expectant management with beta-
human chorionic gonadotrophin monitoring is pos-
sible in women who are haemodynamically stable
and where there is the possibility that the pregnancy
is situated in the uterus. There are guidelines for this
approach; when a suboptimal rise in the pregnancy
hormone occurs the patient should undergo a diag-
nostic laparoscopy.

At laparoscopy the ectopic pregnancy can either
be removed on its own after opening the fallopian
tube (salpingostomy) or by removing of the ectopic
and the fallopian tube (salpingectomy). Some cen-
tres are injecting the ectopic with methotrexate or
hyperosmolar glucose to kill the pregnancy, and this
may prove useful in the future. Most surgery should
now be carried out laparoscopically with a reduction
in postoperative pain and earlier recovery rates than
when surgery is performed by laparotomy.

Cystic adnexal masses and free fluid in the pouch
of Douglas are other sonographic signs which should
raise the index of suspicion of the presence of a pos-
sible ectopic gestation. However, it is very difficult
to differentiate between the other numerous possi-
ble underlying conditions such as pelvic inflamma-
tory disease, ovarian cysts and endometriosis, all of
which may mimic an ectopic pregnancy. In addition,
it has been reported that the adnexal mass, as seen
ultrasonically, can be on the contralateral side of the
ectopic pregnancy in about 30% of cases, and nor-
mal adnexal findings on ultrasound have been seen
in 20% of women with laparoscopically confirmed
ectopic pregnancy. Overall, the use of sonography
as a diagnostic test in suspected ectopic pregnancy
allows an accurate diagnosis as to the presence or
absence of an ectopic gestation in approximately
70–90% of affected cases.

Miscarriage

Bleeding in early pregnancy is a considerable source
of distress to the patient. The concerns regarding
the continuing viability of a pregnancy are very real
and should be allayed as soon as possible. In the
past, bleeding, was often a reason for immediate
admission to a gynaecological ward but, with the
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introduction of early-pregnancy assessment units
(EPAU) throughout the UK, the management is now
carried out in outpatients. Ultrasound availability
has played a critical role in the development of these
units. Patients and general practitioners can now, at
short notice, have an assessment of the uterus in the
event of bleeding. Ultrasound helps clarify whether
a pregnancy is ongoing or not.

Types of miscarriage vary, and can be categorised
on history, examination and ultrasound findings.
A complete miscarriage means the conception has
been lost completely. The patient will often have
a history of heavy bleeding with clots followed by
crampy abdominal pain with subsequent reduction
in both the vaginal loss and pain. On ultrasound the
uterus should be empty. In cases of incomplete mis-
carriage, ultrasound will identify remaining prod-
ucts of conception. A missed miscarriage, where
the pregnancy has stopped developing and only the
gestational sac remains, also has a characteristic
appearance.

Trophoblastic disease
Occasionally a pregnancy which has become com-
plicated by excessive trophoblastic proliferation is
picked up at a routine pregnancy scan in the first
trimester. These molar pregnancies can be easily
treated by evacuation of the uterus and, occasion-
ally, methotrexate therapy. The classical appear-
ances on ultrasound are of an enlarged uterus
filled with echogenic material in the early stages,
developing easily visible cystic vesicles as the mole
progresses, which considerably increases through
transmission of the beam. There are a handful of cen-
tres throughout the UK that follow up all patients
with molar pregnancies and maintain a national
database. They monitor the urinary beta-human
chorionic gonadotrophin levels to ensure they return
to normal levels and do not proceed to chorionic car-
cinoma.

In women who miscarry recurrently (defined as
more than three times) the early ultrasound findings
of a normally situated and viable pregnancy pro-
vide the woman with a 95% chance of an eventual

good outcome. The reassurance value of such a non-
invasive intervention early in pregnancy is signifi-
cant. A randomised trial of early scanning and active
reassurance found a significant benefit, in terms of
pregnancy outcome, to those women who received
supportive care by scanning and reassurance com-
pared with those who did not.42

The future

The quality and definition of ultrasound technology
are improving all the time. As our understanding
increases, the scope for incorporation into clinical
practice will inevitably improve. Saline infusion hys-
terosonography (SIH) is a concept attracting increas-
ingly innovative practice with obvious clinical use-
fulness. Saline is infused into the uterine cavity
to enhance visualisation of its contents during a
transvaginal ultrasound examination.43–50 Although
initially used to investigate tubal patency,51 SIH
rapidly evolved into an investigation of the uterine
cavity. The advantage of SIH is that it is relatively non-
invasive compared to hysteroscopy, it is performed
during transvaginal ultrasound and it can therefore
also identify ovarian pathology.52

The use of ultrasound is also likely to become
increasingly established as a guidance mech-
anism for minimally invasive therapies, increasing
patient choices and improving gynaecological
management.
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