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Chapter 1

Introduction

Introduction

Computed tomography (CT) of the brain is now well established in the ficld of
neuroradiology, and, although the role of body CT is less certain, there is general
agreement that its major role is in the field of oncology. Provided the discased process
produces form or density changes, CT makes it possible to visualize its entire extent very
accurately, so that primary tumour, infiltration of surrounding structures and distant
metastases in lymph nodes, liver and bone can all be seen in the same examination. Such a
diagnostic ideal may in practice be much easier to achieve in some kinds of cancer than in
others, and the use of CT for a particular disease process may be limited in a particular
hospital by the availability of other imaging techniques and appropriate radiological
expertise. Close cooperation between radiologist and clinician is essential if the
information provided by imaging techniques is to be usefully applied in problems of cancer
management, since radiologists in isolation are often limited by a lack of understanding of
the clinical behaviour of a particular tumour, while clinicians in isolation may be poorly
informed about not only the new imaging techniques but also the dramatic technical
improvements throughout the radiological field in the past ten years, and may therefore
have limited understanding of the appropriate applications and limitations of such
techniques. Early CT scanners had a scan time of 4 minutes which is inappropriate for
body imaging, but today’s third and fourth generation scanners are technically capable of
producing high resolution images of abdomen and chest, unimpaired by peristaltic and
respiratory movements. Conclusions about the applications and limitations of CT based on
studies using 20 seconds second generation scanners may no longer be appropriate to third
and fourth generation scanners.

The value of CT in the diagnosis and staging of lymphoma and testicular tumaonrs is well
established in the literature (Best and Blackledge 1981, Lec et al. 1979) and its use, though
with varying success, in staging renal, rectal or lung cancer is also well described (Weyman
et al. 1980, Dixon et al. 1981, Wouters et al. 1982), but its role in the diagnosis and staging
of gynaecological malignancies is less well known and such studies as are available have
been made predominantly with second generation scanners.

This comprehensive study was thercfore undertaken firstly to describe the CT features of
the different gynaecological malignancies, secondly to test the reliability of CT diagnostic
signs already described in literature and thirdly to assess the indications, potentials and
limitations in this field of CT in its present state of development.

Outline of study

The material for study consists of 403 CT scans of the pelvis and abdomen in 301 patients.
The basis of the study itself is a correlation between CT findings on the one hand and



surgical, pathological and/or clinical findings on the other. Patients of five different
hospitals are represented and the physical examinations, operations and histo-pathological
examinations were performed by the referring gynaecologist and his pathologist. The CT
examinations, on the other hand, were performed in only two different hospitals, using the
same type of scanner and a standard protocol. All scans of patients with cervical or ovarian
cancer were reviewed by two radiologists to test the hitherto accepted pathological criteria.
In the absence of pathological criteria in endometrial cancer and gestational throphoblastic
tumours, these scans were reviewed by the author in an attempt to define such criteria.
Chapter I1 gives a brief description of CT technology, including basic principles and factors
affecting image quality, and summarizes the features of the particular scanner used for this
study. A description is then given of the scan protocol, in relation to patient preparation
and scan procedure, used throughout this study.

Computed tomography has in general been used to study only pathological processes, but
there is a lack of CT criteria of normality against which pathological changes can be
judged. Chapter I therefore begins with an anatomical description of the normal female
pelvis, then presents a CT study of the pelvis in 42 patients, defined for the purpose of this
study as "gynaecologically normal” on the basis of absence of clinical symptoms of genital
tract disease.

Cervical cancer presents considerable problems in terms of initial assessment of stage of
disease, particularly in relation to the presence or absence of parametrial and lymph node
involvement. Since accurate initial assessment has vital therapeutic implications it is
important to know whether CT can add greater precision to such assessment. Chapter IV
begins with a comparative review of the techniques currently used in staging cervical
cancer, then presents a correlative study in untreated patients with cervical cancer to
ascertain the value of CT in initial staging. The chapter concludes with a further study to
evaluate CT in the diagnosis of recurrent cervical cancer.

Because of a virtually complete absence of established CT criteria for endometrial cancer,
the study described in chapter V is devoted principally to a careful study of CT features in
the uterus and surrounding tissues in an attempt to identify signs which can be regarded as
pathognomonic for endometrial cancer. Some discussion is also included of features which
may be indicative of possible spread of the discase. The chapter concludes with a small
study to test the ability of CT to diagnose recurrent disease.

Chapter VI comprises a short study of the CT features in gestational trophoblastic tumours,
and correlates CT, ultrasonography and angiography with the progress of disease as
monitored by beta HCG levels.

Ovarian cancer presents particular problems in diagnosis, even though it is so frequently
far extended at the time of presentation, so the first study in chapter VII is an examination
of the CT features in patients with any clinical suspicion of ovarian cancer in an attempt to
specify the CT picture of this discase. Then follows a study correlating CT with surgical
findings in patients with established ovarian cancer, both treated and before treatment, to
determine the accuracy of CT in staging the disease. The final part of the chapter attempts
to define the value of CT as a method of treatment monitoring in ovarian cancer.
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Chapter I1

Technical aspects of computed tomography

Introduction

In conventional radiography, a divergent X-ray beam produces a projection or shadow of
everything standing between X-ray source and film, and the resultant image represents
many overlapping organs and tissues. Although air, bone and soft tissue are casily
distinguishable, the minor differences in X-ray attenuvation by normat and diseased soft
tissue cannot be seen, even when the organs are not overlapping. To overcome these two
major shortcomings, namely superposition and lack of contrast resolution, many additional
techniques have been introduced with variable success. The lack of contrast resolution can
partly be solved by the use of a contrast medium (as in .LV.U., angiography or barium
enema}. But with such techniques, only the contrast outline is displayed and not the tissue
itself. The problem of superposition may be partly solved by conventional tomography, in
which X-ray tube and film are moved simuitancously in opposite directions, keeping the
desired layer in focus, while blurring all over- and underlying structures. In practice, there
is always some blurring in the desired plane, and it is impossible to blurr out all unwanted
structures which themselves diminish the image quality. These limitations are overcome by
CT, which produces a cross-sectional image with excellent contrast resolution and without
superposition. The resultant image is a two dimensional cross-sectional display of the
linear X-ray attenuation coefficients. By contrast, ultrasound gives a two dimensional
cross-sectional display of the accoustic propertics of tissue.

CT Technology, basic principles

Attenuation of an X-ray beam depends on the effective atomic density (atomsivolume) and
atomic number of the tissue, and the photon encrgy of the X-ray beam. X-ray interaction
with matter by the photo-clectric and compton effects are mostly responsible for X-ray
attenuation. Photo-¢lectric absorption occurs mainly in material of high atomic number
{c.g. bone, contrast material) and minimally in material with low atomic number (e.g. soft
tissue). The compton effect, however, occurs mainly in soft tissue (low atomic number)
and tissue density differences result in differences in compton interactions (Phelps et al.,
1975, Sceram, 1982).

A CT scanner can measure the X-ray attenuation coefficient (p) of very small volume
elements (voxels) of tissue, and can reconstruct all these measurements to form a two
dimensional cross-sectional image in proportion to the scanned object. Nowadays (1983), 4
generations of clinically useful CT scanners have been identified and their differences are
well described in literature (Seeram, 1982). In a third generation CT scanner, as used in
this study, the intensity (1) of a highly collimated fan X-ray beam is measured by an array
of some hundred detectors after traversing the body (fig. 2.1.). The intensities (1)
measured by each detector are compared with the initial intensity (Io) to give
corresponding figures for attenuation of the X-ray beam by the traversed tissue. By rapidly
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fig. 2.1,
Principle of third generation CT scanning: wide angle X-ray beam traverses the body after which its

intensity (1) is measured by an array of detectors. (Courtesy of N.V. Philips gloeitampenfabrieken,
Medical Systems Division).

repeating this measure procedure while rotating the X-ray tube and detector array together
around the patient, a whole set of measurements in many directions is obtained (fig. 2.2.).

rotation shown in the
two extreme positions
of the geometrical enfargement

fig. 2.2.

The measure procedure is repeated many times while rotating the X-ray source and detectors around
the patient. (Courtesy of N.V. Philips gloeilampenfabrieken, Medical Systems Division).

With a computer using different correction and reconstruction algorithms, the linear
attenuation cocfficients of a system-dependent number of volume elements can be
calculated, and these data can be displayed on a video-display system in different shades of
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grey. The attenuation values as measured by CT are expressed as a CT number relative 1o
the attenuation value of water () in Hounsfield Units (HU) by means of the formula :

oy - fyy at 73 KeV
CT number = x 1000 Hounsfield Units (HU)
My, at T3 KeV

The resultant scale varies from -1000 HU for air and 0 HU for water, while bone is in the
region of 250 to over 1000 HU (fig. 2.3.). All image data can be stored on tape or floppy
disc for subsequent retrieval and display.
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fig. 2.3,

Attenuation coefficients of different tissues in Hounsfield Linits (Courtesy of N.V. Philips
gloeilampenfabrieken, Medical Systems Division). ‘

Because it is impossible for the human observer to distinguish more than 50 to 100 shades
of grey, the so called window manipulation technique is used (fig. 2.4.). Selective contrast
enhancement is achicved by applying the entire grey scale (64 shades), to a selected range
of CT number (window width) at a selected CT number level (window level). Normally,
CT numbers above and below this range are displayed as white and black respectively. The
image on TV monitor consists of many small squares, each representing one voxel in the
CT slice and with its CT number displayed in grey scale. The displayed square is called a
pixel, and its size is determined by the size of the display matrix (fig. 2.5.). The CT number
of a voxel represents the mean density of all structures within that voxel. It follows that a
structure which only partially occupies a voxel is subject to "partial volume averaging” (fig.
2.5.). This may be responsible for false positive or false negative results. For example, a
small liver cyst of 5 mm in diameter will never be displayed with water density if a slice
thickness of 9 mm is used, because its density will be averaged with the remaining 4 mm of
liver density. However, a cyst of 1 cm in diameter may lie only partially in the slice, and its
density will again average with the density of the surrounding liver tissue.
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Principle of the window manipulation technique (Courtesy of N.V. Philips gloeilampenfabricken,
Medical Systems Division).

slice thickness
HYmm,
fig. 2.5.

Relationship between pixels and voxels, the voxe! being the volume of tissue for which an individual
attenuation value is computed, The density of the voxel will be the average density of all the structures
occupying the voxel (partial volume averaging).
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Image quality.

The minimum detectable lesion size depends on the density difference between lesion and
surrounding normal tissue, so that a 2 mm soft tissue lesion (density 50 HU) differs widely
from surrounding lung parenchyma (air density -1000 HU) and can therefore be detected,
whereas a larger mass lesion within the liver with only slight density difference from
normal liver tissue may not be detectable. Urographic contrast agents, by increasing
density differences, may make such lesions detectable. A distinction must therefore be
made between spatial and contrast resolution. The latter is an expression of the sensitivity
of CT in detecting attenuation value differences, whereas the former determines the
fineness of detail which can be seen. These two types of resolution are distinct, but
mterrelated, and additionally, influenced by the radiation dose. A detailed discussion of
this problem is beyond the scope of this study, but some discussion is necessary if the
practical limitations of CT are to be understood. The CT numbers of an image of uniform
material should theoretically be equal, but in practice show minor variation from pixel to
pixel, a phenomenon which is known as noise and is dependent on a number of factors,
such as number of detected photons, matrix size, slice thickness, algorithms, electronic
noise, scattered radiation and target size (Seeram, 1982). Resolution, noise and dose are
closely related. Contrast resolution is limited by the noise, and therefore often specified in
terms of the standard deviation of the noise (Zonneveld, 1980). In general, the higher the
dose applied, the lower will be the noise and the better the contrast resolution. Contrast
resolution in CT is always much better than in conventional radiography and contrast
differences of less than 0.5% can be measured, but compared to conventional radiography
CT is limited in its spatial resolution, which is mainly dependent on detector size, focal
spot size, slice width and matrix size. Spatial resolution can be improved by reducing the
detector size, but this in turn increases the noise and decreases the contrast resolution for a
given radiation dose. It is not possible to specify resolution and patient dose for computed
tomography in general, because both depend on not only the type of machine but also on
the particular machine settings chosen for a specific clinical indication. In order to limit the
maximum patient dose, a compromise usually has to be made between maximal contrast
resolution (e.g. brain scanning) or maximal spatial resolution (c.g. car scanning). Slice
width, slice interval, scan time and degrec of geometric enlargement are all variables
influencing resolution and dose.

In addition to the factors already discussed, image quality is also dependent on patient
positioning and patient-dependent factors. Adequate intra-abdominal fat plancs are
necessary to delineate intra-abdominal structures, and their absence in the very lean or
cachetic patient produces images with poor natural contrast. The presence of high density
structures such as metaltic clips, barium or hip prosthesis, may causc such serious artifacts
as to make CT scanning a pointless procedure.

Philips Tomoscan 300

The Tomoscan 300 as used in this study is a third generation CT scanner with a scan time of
4.8 seconds in which 600 X-ray pulses of 2 msec are generated resulting in an cxposure time
of 1.2 sec/single scan. The slice thickness is 3,6,9 or 12 mm. The available tube settings are
within a 100-120 KVp range and a 100 - 500 mA range. The patient aperture is 56 ¢cm and
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the maximum gantry tilt is 20°in a cranial or caudal direction. An array of 288 Xenon high
pressure detectors is focussed towards the focal spot. The field of view (FOV) varies from
16 em to 48 cm. The distance between X-ray tube and axis of rotation can be changed while
the X-ray tube detector distance remains fixed, utilizing the maximum number of detectors
for the object size (fig. 2.2.). By means of geometric enlargement, the intrinsic spatial
resolution is improved. Pixel size in the 40 cm FOV is 1.56 x 1.56 mm on a fixed 256 x 256
matrix. The pixel sizes in the 32 om and 24 cm FOV are 1.25 x 1.25 mm and 0.93 x 0.93 mm
respectively. Since these pixel sizes may limit the spatial resolution in the displayed image,
reconstructive zoom can be used. This technique permits the reconstruction of a subject of
the original measurements on the full 256 x 256 matrix. The smaller field of view (with
smaller pixel sizes) thus obtained will no longer limit the potential spatial resolution of the
scanner.

Contrast resolution, spatial resolution and skin dose for these three different fields of view,
with a slice width of 9 mm and a scan time of 4.8 seconds are listed in table 2.1.

Table 2.1.

Contrast resolution, spatial resolution and skin dose for three fields of view (FOV) of the
Tomoscan 300, Contrast resolution is measured for circular objects with a difference of 15
HU with surrounding (water) {Courtesy of N.V. Philips gloeilampen fabriecken, Medical
Systems Division).

FOV (cm) 40 32 16 phantom

kVp 120 120 120 notapplicable
mAs 300 216 216 notapplicable
Skin dose (mGy) 20 25 25  32cmplexiglass

Spatial resolution {(mm) 2.0 L5 1.25 20 cm water + 0cm
plexiglass (body ring)

Contrast resolution (mm) 9 6 6  20cmwater + 10cm
plexiglass (body ring)
Noise (HU) 10 8 8  20cmwater + cm

plexiglass (body ring)

After bolus injection of contrast media, it is sometimes necessary to obtain sequential CT
scans as quickly as possible. This can be done by a batch scanning technique (Rapid
Sequence Scanning, R.S.5.). With this technique, sequential scans are made at a speed
ordered by the radiologist, but limited by the X-ray tube heat loading. The whole sequence
is completed prior to reconstruction.

The Tomoscan 300 has the ability to produce a projection radiograph (scanogram) by
keeping the X-ray detector system in a fixed position while moving the patient to be
scanned through the gantry opening. On this scanogram, the exact location of a slice to be
made can be indicated by a light-pen, after which the patient can be brought to the
indicated slice position under computer control.

10
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CT Scan protocol

Patient preparation

Since bowel loops have attenuation values similar to muscle, lymph nodes and vascular
structures, they may mimic a soft tissue mass, particularly in patients with poorly
developed fat pianes. Bowel opacification with contrast medium is therefore necessary to
prevent false positive results (Kreel, 1981; Ruys, 1979; van Waes and Ruys, 1979).

In this study, a 49 solution of Telebrix 38 (Laboratoire Guerbet) was used for small and
large bowel opacification. Tt is tasteless and can also be mixed with juice. The day before
the CT examination, 200cc of this solution is given with each meal, the patient is then
required to fast 4 hours prior to the CT examination, and a further 400 cc is given 1-2 hours
prior to examination.

Before examination, the patient inserts a vaginal tampon to outline the vagina and identify
the cervix. The air trapped between the fibres serves as a negative contrast medium.

CT scan procedure

The examination is performed in supine position. A scanogram is made, and with the light-
pen, the first slice is located through the dome of the diaphragm. The whole abdomen is
then scanned from diaphragm to perineum with a field of view of 32 cm, using 9 mm slices
at 13,5 mm intervals from diaphragm to iliac crest , and then continuous 9 mm slices down
to the perineum, using a reconstructive zoom to 24 cm. The advantage of scanning in a
caudal direction is that the bladder is nearly always full by the time the pelvis is scanned.
The FOV is always adjusted in such a way that the whole abdominal cavity is imaged.
Adfter this routine procedure, the radiologist in charge of the examination reviews all the
slices, and if necessary rescans regions of interest after a bolus contrast injection of an
urographic contrast medium (80 cc Telebrix 38), or after an enema of 500 cc Telebrix 38
49 solution. All spatial and density measurements are made with the SAVC (Stand Alone
and Viewing Console).
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Chapter II1

Normal cross-sectional anatomy of the
female pelvis

Introduction

A comprehensive account of the cross-sectional anatomy of the female pelvis is beyond the
scope of this thesis, and the following descriptive outline is given simply to aid understanding
of the pathological processes demonstrable by CT. The description is primarily derived
from a study of the literature and standard textbooks of anatomy (Gardner et al., 1975,
Grant, 1978, Lyons, 1978), but, because there is a lack of detailed deseription in the literature
about the cross-sectional CT anatomy of the female genital tract, which is the specific
subject of this thesis, the anatomical account has been supplemented by a retrospective
study of pelvic CT scans in 42 women with no clinical evidence of gynaecological cancer.
As an aid to understanding, this description is given according to the conventional
anatomical subdivisions, but it must be emphasized that such subdivisions do not exist in
anatomical reality, and in particular, the connective tissue skeleton should be regarded as a
continuum (De Blok, 1982).

Pelvic wall

The pelvis comprises a pelvic wall enclosing the pelvic contents, and is bounded above by a
plane through the arcuate lines, and below by the urogenital diaphragm and a plane through
the sciatic rami. The space formed by the upper plane and the iliac wings bilaterally belongs
to the abdominal cavity, Without computerized reconstruction techmiques it is impossible
to make one CT cut through the plane of the upper pelvic aperture, because the angle of
this plane to the examination table is too acute. Furthermore, the lower pelvic aperture is
in two planes, and cannot therefore be displayed by a single CT cul.

The pelvic wall can be considered in three layers :

1. An outer layer consisting of skin, subcutaneous fat, fasciae and muscles outside the
skeleton.

A middle layer consisting of skeleton and fibrous tissue, particularly the obturator

b

membrane.
3. An inner layer consisting of muscles and fasciac attached to the interior of the skeleton.

In a CT scan, muscles and skeleton are always clearly visible, whereas fasciae and ligaments
are often difficult to identify.

Skeleton

The configuration of the bony pelvis in a CT cut is determined by the degree of spinal
curvature, because, regardless of the angle between the pelvis and the examination table,
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the most frequently used scan plane is one perpendicular to the examination table. Allowing
for such variations in configuration, a modern high resolution CT scan provides a transverse
section without superimposition, and displays very fine detail particularly in the bones,
because of the relatively large contrast differences. Cortex, medulla and surrounding soft
tissues are almost always well delincated.

Sacrum

The sacrum is a wedge-shaped bone, formed by the fusion of five primordial vertebral
homologues. When seen in transverse section, the sacrum appears trapezoid cranially and
more triangular caudally. The sacral canal appears triangular in outline cranially, but
caudally it is flattened antero-posteriorly. It communicates, through the intervertebral
foramina, with both the ventral and dorsal sacral foramina which appear, in transverse
section, as gaps in the pelvic and dorsal surfaces of the sacrum. Since all the major nerves
exit anteriorly the ventral foramina are larger than the dorsal foramina which carry only
minor cutaneous nerves. Anatomically, the sacral canal contains the dural sac, the filum of
the dura mater, the lower part of the cauda equina and the filum terminale, but these are
indistinguishable in a routine CT cut. The epidural space may be very large and contains
much fatty tissue wherein root sheaths, veins and the spinal ligament can be seen. The
sacro-iliac joints, with typical subchondral sclerotic margins, and the retro-auricular space
are always easily seen. The retro-auricular space is wider, has less sclerotic borders and
runs more horizontally than the more vertically orientated synovial joint space. (Lawson et
al., 1982).

The hip bone

The hip bone is formed by the fusion of the ilium, ischium and pubis in and around the
acetabulum, and the further fusion of the pubis and ischium around the obturator foramen.
In the majority of patients the upper part of the iliac crest can be identified in the same CT
cut as the fourth lumbar vertebra. The ilium consists of a body and a wing, the latter being
sometimes very thin and an interruption simulating a fracture may be seen. In cadaver
studies a hole in the centre of the iliac fossa is often found. The dorsal part of the ilium,
lateral to the retro-auricular space is always clearly seen in a CT scan, in contrast to a
conventional radiograph. Serial scanning in a cranio-caudal direction reveals an increasing
gap between sacrum and ilium, part of which represents the sciatic foramina. These foramina
are often difficult to delineate in cross-section, because the ligamentous margins are scarcely
visible in CT. The sacro-tuberous ligament appears as a small dot of soft tissue density in a
transverse CT section, being almost perpendicular to the scan plane, and forms the dorso-
medial margin of the greater and lesser foramina. The piriformis muscle runs through the
greater foramen and bends slightly around this ligament, a feature which is nearly always
seen in CT (fig. 3.5¢.) and enables the sacro-tuberous ligament to be localized even if the
ligament itself is not visible. The sacro-spinous ligament, which forms the division between
the greater and lesser sciatic foramina, runs parallel to the scan plane, and together with
the tiny coccygeus muscle is visible as a thin strand from sacrum to ischial spine (fig. 3.5a.).
The sciatic nerve and pudendal vessels and nerves cross the greater sciatic foramen in front
of the piriformis, but gnly the sciatic nerve is large enough to be seen at this level.
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3.1.2.

The pudendal nerves and vessels in addition to the muscle and tendon of the obturator
internus, then pass through the lesser sciatic foramen, but are only visible in the pudendal
canal (fig. 3.1c). The hip joints are very clearly seen at approximately the same cross-
sectional level as the ischial spines (fig. 3.4d). Cuts more caudally reveal the obturator
foramen, the body and rami of the ischium and the superior and inferior rami of the pubis.

Lumbar spine

In cross-section a lumbar vertebral body appears kidney-shaped with the convexity ventrally.
The medulia and cortex are clearly distinguishable . The medulla appearing a little granular,
and small lines of low density may be visible dorsally in the vertebral body, representing
the canal of the basivertebral vein (Hahn's canal). Branches of this canal may also be
occasionally visible and can be mistaken for a fracture. Small areas of increased density in
the medulla are commonly seen and usually represent bony islands. The transverse processes
point dorsolaterally and are smaller than the thoracic ones, the pedicles and laminae are
thick and short, and the spinous processes, being in a horizontal plane, are frequently seen
in the same CT cut as the bodies. The intervertebral facet joints run obliquely in a
dorsolateral direction and are best seen at the same level as the intervertebral disc. The
articular processes of the upper lumbar vertebrae appear medially and of the lower laterally.
Although in general, the more cranial the vertebra, the smaller the body and the pedicle,
the larger the mamillary process, it is still difficult to determine the actual vertebra cross-
sectioned without the aid of the scanogram. The fifth lumbar vertebra is exceptional,
because its transverse process is much bigger and broadly anchored to the body.
Additionally, the inferior articular processes of L5 are widely separated and, together with
the upper joint surfaces of the sacrum, form joints situated almost in the frontal plane,
although these are frequently asymmetrical.

The vertebral foramen shows considerable variations being round or oval cranially and
more triangular caudally. The spinal ganglion is situated cranially in the intervertebral
foramen where it is sometimes visible in CT, but more caudally, the ganglion is situated
wholly within the spinal canal, and instead, the rami of the spinal nerves may be scen in the
intervertebral foramen. The strong, in cross-section, C-shaped ligamentum flavam is
visible in the spinal canal and is dorsally related to the larger interspinous ligament.

Muscles

The muscles of the pelvis are easily defined, especially in patients with good fat planes.
The muscles of the outer layer of the pelvic wall are the glutei and adductors, whereas
those of the inner layer are the obturator internus and the piriformis (fig. 3.4 and 3.5) both
of which are always clearly visible and form important landmarks in the pelvis. The obturator
internus arises from the inner aspect of the pubis, ischium and obturator membrane, and
its tendon leaves the pelvis through the lesser sciatic foramen, turns sharply ventrally and is
inserted onto the medial part of the greater trochanter. The piriformis arises from the
ventral surface of the lateral mass of the sacrum, leaves the pelvis through the greater
foramen and is also inserted onto the greater trochanter. In a CT scan however, these two
insertions cannot be distinguished nor can they be differentiated from the other deep
dorsal hip muscles in this region. The iliopsoas does not run through the pelvis, but is a
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very important landmark in CT, because its immediate medial relations are large vessels
and lymph nodes. The muscle is in fact compound, consisting of the broad flat iliacus and
the psoas major. The iliacus arises from the iliac fossa and inserts laterally into the tendon
of the psoas. The origin of psoas major extends from the lateral aspects of the lower dorsal
spine to the lower lumbar spine, increasing in bulk as it runs caudally and forming, together
with the iliacus, one bundle, which passes below the inguinal ligament into the upper leg,
and is finally inserted onto the lesser trochanter. Psoas minor is a small muscle, present in
only 60% of individuals, lying immediately anterior to psoas major, and may sometimes be
distinguished on CT scan. The psoas muscles are enveloped by a fascial sheath extending
from the lower thorax to the proximal part of the femur, and its close relationship to many
retroperitoneal structures such as kidneys, pancreas, lymph nodes, spine, vessels and
nerves, is frequently responsible for the spread of disease into and through it (Donovan et
al., 1981).

Abdominal wall

Although the abdominal wall is outside the boundaries of the pelvis, its normal anatomy
requires some discussion, since abnormalities within it, may simulate or indicate pathology
related to gynacecological cancer. The anterior abdominal wall consists of skin, subcutaneous
tissue and muscle layers. Below the umbilicus, the subcutancous tissue is divided into two
layers, namely a superficial fatty layer and a deep fibrous layer which is continuous with
the deep fibrous layer in the perincum and the fascia lata of the thigh. Although these two
layers are normally very closely related, the deep fibrous layer may sometimes be visible as
a soft tissue line parallel to the abdominal wall in CT scans of very fat subjects (Fisch and
Brodey, 1981). Furthermore, the superficial epigastric vessels are frequently seen in the
subcutaneous fatty layer. The muscles of the muscular layer can be divided into an
anterolateral group (external oblique, internal oblique and transversus abdominis) and a
midline group (rectus abdominis, and pyramidalis). Deliniation of the individual muscles
in a CT scan depends on the presence of sufficient fat in the intermuscular connective
tissue. Medially, the muscles of the anterolateral group become tendinous and fuse to form
the rectus sheath, the exact structure of which depends on the anatomic level examined.
Above the umbilicus, the rectus sheath invests the rectus abdominis on both sides, but
some distance below the umbilicus, it passes predominantly anterior to the rectus abdominis
and fuses with the contralateral sheath in the linca alba. At this lower level, the dorsal wall
of the rectus sheath is only a thin membrane, the transversalis fascia, which is the inner
surface of the whole muscular layer, and is separated from the parietal peritoneum by only
a small quantity of fatty tissue. Immediately posterior to the anterior parietal peritoneum
and within the peritoneal cavity is the greater omentum, a fold of the peritoneum hanging
down from the stomach, in front of the transverse colon, to which it is attached, but in
normal cases invisible on CT.

Pelvic floor.

The pelvic floor is composed of the levator ani and the urogenital diaphragm. Levator ani
is a compound funnel shaped muscle, of which one part arises from the dorsal aspect of the
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fig. 3.1.

Normal anatomy of pelvis and perineum. The uterus (U) is in retroflexion. B = bladder, R = rectum,
v = vagina with tampon, u = ureter, p = pudendal canal, a = anus with canula, fir = ischio-rectal
fossa, mbs = bulbo-spongiosus muscle, mic = ischio-cavernosus muscle, § = symphysis, small arrows
= levator ani, vg = vestibular gland.

pubis, close to the symphysis, and is inserted into the coccyx. Another part arises from a
tendinous arch in the obturator fascia and runs dorsally to the coccyx and the anococcygeal
ligament (fig. 3.1c.). Dorsocranially, the levator ani is strengthened by the coceygeal
muscle, and ventrally behind the symphysis, there is a narrow gap (levator hiatus) (fig.
3.4b.), through which vagina and urethra pass. Finally, both sides of levator ani are covered
by fascia. The muscle and its fascial layers may be very thin or even membranous, and, in
common with the related parietal peritoneum, are generally insufficiently perpendicular to
the scan plane to be easily visualized in CT. When thickened, or in the presence of ascites,
the more perpendicular parts of the peritoneum may be visible (fig. 3.8b.). For these
reasons, it is frequently impossible in CT to localize a mass lesion in relation to these
structures. Blood and lymph vessels, lymph nodes, nerves and ureters are located between
peritoneum and the upper fascia of the levator ani.

The urogenital diaphragm consists of two muscles stretched transversely between the
inferior rami of the pubis and the ischii, namely the sphincter urcthrae anteriorly and the
deep transversus perinei posteriorly. The latter forms the dorsal margin of the urogenital
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3.3

a

fig. 3.2.

Coronal (a) and sagital (b} CT scans of the female pelvis and abdomen, Arrows denote the levator ani
muscle (fig. a) and urogenital diaphragm (fig. b) (Courtesy of Dr. M, Feldberg and Prof.Dr. P. van
Waes, Academisch Ziekenhuis Utrecht).

diaphragm with the perineal body in the centre. Caudally (superficially) lie the ischio-
cavernosus and bulbo-spongiosus muscles together with the superficial transversus perinei.
The greater vestibular glands lie next to the vaginal orifice and, like the bulb of the vestibule,
are covered by the bulbo-spongiosus muscle (fig. 3.1a.). These structures cannot be
individually distinguished on CT. Farthermore, the urogenital diaphragm being thin and
parallel to the scan plane, is not normally visible in cross-sectional CT, but, in common
with levator ani, may be clearly defined in sagittal and coronal scans (fig. 3.2. Tisnado et
al., 1981). Caudally to the levator ani, lies the ischio-rectal fossa with a ventral recess
extending cranial to the urogenital diaphragm to the pubic symphysis, and bordered by the
fascia of this muscle and of the obturator internus and by the sphincter ani. The fossa
contains fatty tissue and dorso-laterally the pudendal canal, containing pudendal artery,
vein and nerve, is visible against the obturator internus (fig. 3.1¢.).

Abdominal-pelvic cavity

The peritoneal cavity, in healthy women contains only a small quantity of peritoneal fluid,
and post ovulation, & small quantity of blood. Abnormally, particularly in malignant
disease, it may contain ascites and tumour seedlings. All other structures are extra
peritoneal, although many pedunculate into the abdominal pelvic cavity.

In CT, many structures have similar density and, if not distinguishable by their relative
position, size and internal structures, require to be labeled with contrast to prevent
misinterpretations. The space between bowel loops may be very large and has fat density
(=50 10 - 150 Hounsficld Units). Within it small thin strands of higher density represent blood
vessels and lymph nodes (fig. 3.3.). The omentum majus is indistinguishable from general
intra abdominal fat except when tumour-infiltrated. The structures of importance in CT
can now be described in greater detail.
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fig. 3.3,
Abdominal cavity: note the small thin strands of higher density (small arrows), surrouded by fatty
tissue, representing normal blood vessels in the mesentery.

Extra peritoneal space

Great vessels

At the level of the fourth lumbar vertebra, the aorta divides into the common iliac arteries.
The inferior vena cava is formed by the common iliac veins, just candal to this bifurcation
and dorsal to the right common iliac artery. At the upper level of the sacro-iliac joint, the
common iliac arteries divide into external and internal iliac arteries. The external vessels
run caudally on the medial border of the psoas major and leave the abdominal cavity
through the lacuna vasorum. The vein lies slightly medial and dorsal to the artery (fig. 3.7).
The internal iliac artery (hypogastric artery) runs dorso-caudally and has various branches,
visible but not identifiable on CT, as their origin and calibre varies from woman to woman,
Each artery has one or two escorting veins. Behind these vessels lies the sacral plexus,
appearing as highly variable small densities, each less than 1.5 ¢m in diameter, in front of
the piriformis and with almost invariable asymmetry (fig. 3.7). Some of these vesscls leave
the pelvis through the greater sciatic foramen (inferior and superior gluteal artery and
internal pudendal artery), while the others run more caudally and ventrally. The obturator
artery, veins and nerve are sometimes seen as small structures within the obturator canal,
but are not otherwise visible.

The pudendal canal {Alcock’s canal), containing the internal pudendal artery, vein and
nerve, is nearly always visible just medial to the obturator internus (fig. 3.1c.).

All the organs in the pelvis are surrounded by a plexus of thin walled veins without valves,
which communicate freely with each other and give branches to the internal iliac vein.
These may be visible as small densities in the parametria (fig. 3.6.).

Nerves

With the exception of parts of the sciatic and femoral nerves, nerves are practically always
invisible in abdominal CT. However, as nerve involvement may be the first indication of
tumour spread, it is very important to know the course of the large nerves, so that the arca
of likely neurological involvement may be specifically scanned. The spinal nerves are
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fig. 3.4.

visible in the intervertebral foramina and behind the psoas, then, as they penetrate psoas
muscle, the lines of penctration are sometimes visible as arcas of decreased (fat) density
(Donovan et al., 1981). Small soft tissue densities are often visible adjacent to the spine,
behind psoas, aorta and vena cava, and may represent parts of the sympathetic trunk and
its ganglia, normal small lymph nodes or more probably small veins. The spinal nerves
then form the lumbosacral plexus, which in turn gives rise to two large nerves :

1. The femoral nerve is formed by the spinal nerves of 1.2 to L4 running caudo-laterally
behind and through psoas, then between iliacus and psoas, and, passing under the
inguinal ligament lateral to the great vessels, enters the upper leg, at which level it is
sometimes visible in CT (fig. 3.4d.).

The sciatic nerve is formed by the sacral plexus. The spinal nerves of L4 to 82 leave the
pelvic sacral foramina, run laterally on the sacrum and converge into one bundle,
forming the sciatic nerve, which then runs along the lower rim of the piriformis, to the
greater sciatic foramen and then dorsally out of the pelvis. In transverse section, the
sciatic nerve is visible just caudal to the ischial spine and ventral to the gluteus maximus
(fig. 3.4.b).

b

Lymph nodes

The lymphatic drainage of the abdominal and pelvic organs follows the blood vessels
towards the para-aortic region and then to the thoracic duct. Many nodes are scattered

20



fig. 3.4. and 3.5.

Normal CT anatomy of the female pelvis. Eight consecutive scans. Bladder (B) and rectum (R)
contain contrast medium. ¢ = cervix, U = uterine body, 0 = ovary, v = vagina, fv = femoral vesscls,
fn = femoral nerve, sn = sciatic nerve, eiv = external iliac vessels, fir = ischio-rectal fossa, stl =
sacro-tuberous ligament, ssl = sacro-spinous ligament, arrows (fig. 3.4b) = levator ani, oi = obturator
internus, oe = obturater externus, gl = ghuteal muscle, t = tensor fascia lata, p = piriformis, ip =
iliopsoas.

along these blood vessels and they vary in size, number and position. In the pelvis three
groups of nodes can be distinguished (Jackson, 1969):

1. The external iliac nodes, around the external iliac vessels, are arranged in three chains ;
a. a lateral chain, lateral or anterolateral to the external iliac artery.

b. a middle chain, ventral or medial to the external iliac artery (obturator nodes).

¢. a medial chain, dorsal to the external iliac artery.

The internal iliac nodes, around the internal iliac vessels, lie medial to these vessels and

[2°]

form one chain.
3. The common iliac nodes, around the common iliac vessels, are arranged in three

chains:

a. a lateral chain, lateral to these vessels.

b. a medial chain, ventral to the vertebrae in the bifurcation of the aorta.

c. a dorsal chain ventral to the sacral promontory.
There are three para-aortic chains, one on the left side of the aorta, one between aorta and
vena cava and one on the right side of the vena cava, with many nodes anterior and posterior
to these vessels. However the whole system shows considerable variability and there are
numerous communications between all the chains.
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The middle chain of the external iliac nodes, known as the obturator nodes, deserves
special mention because they are the most frequently involved nodes in cervical cancer.
They are located in the obturator fossa, which is bordered by the external iliac vein ventrally,
the ilium laterally and the internal iliac artery dorsally. The obturator nerve is also situated
in this fossa, but never seen on CT.,

Although CT can demonstrate normal lymph nodes, it does not display their internal
architecture, in conitrast to lymphography, and the cross- sectional size of the node is the
only criterium of normality. [t is widely accepted that nodes less than 1 cm in diameter on
CT can be considered normal and those larger than 2 cm as abnormal (Korobkin, 1981).
Between these limits, opinion varies, most authors considering nodes larger than 1.5 em to
be abnormal (Redman et al., 1977, Hodson et al., 1979). However, Callen et al. (1977)
stress that normal retrocrural nodes (nodes between vertebra and diaphragmatic crura)
rarely exceed the diameter of 6 mm, while Walsh et al. (1980) believe that for normal
pelvic nodes, the upper limit should be 2 em. It seems likely that normal limits depend on
the location of the node, and it is well known from lymphographic studies that pelvic nodes
are often larger than para-aortic nodes. Kolbenstved (1975) stated that only 37% of patients
with enlarged nodes on lymphography proved to have metastases but, in contrast, Patriquin
(1967) found no normal nodes larger than 2 cm, and Hendriksen (1949) states that enlarged
nodes may be histologically normal, while very small nodes may contain metastatic deposits.
Even if the upper limit of normality is defined as 1.5 cm to 2 cm, nodes of this size may not
be identified, particularly in the pelvis, where the anatomical structures are not always so
clearly defined. Many authors (Walsh et al., 1980, Levitt et al., 1978, Hodson et al., 1979,
Korobkin, 1981) stress that asymmetry of the soft tissue structures around the pelvic
vessels is an important indication of lymph node abnormalities. However in our experience
such asymmetry is seen frequently, and this sign must therefore be interpreted with caution.
There are three main causes of false-positive interpretation of enlarged pelvic lymph nodes:
Firstly, ndn»o‘pzwificd bowel loops misinterpreted as enlarged nodes, secondly, normal
ovaries interpreted as enlarged nodes (fig. 3.9a.) (especially in patients with poor fat
planes) and thirdly, dilated collateral blood vessels simulating large nodes, when there is
obstruction of a large vein. Rescanning the doubtful area after further contrast orally or by
enema to delineate bowel, after micturation to relocate the ovaries, or after intravenous
bolus contrast injection 1o enhance the vessels will help to prevent such misinterpretations.
In the para-aortic region, misinterpretation of entarged lymph nodes may be caused not
only by poor bowel opacification, but also by a subacute retroperitoneal haecmatoma, a left
sided inferior vena cava or prominent left gonadal vein, a diaphragmatic crus (particularly
the right) near its caudal attachment to the vertebral body and by retroperitoneal fibrosis
(Korobkin, 1981, Jasinski et al., 1981, Brun et al., 1981). Such problems are rare. The
normal aorta is sharply demarcated from the surrounding fatty tissue, which contains few if
any very small tissue densities. Disappearance of the normal aortic contour, particularly in
the dorsolateral area, indicates para-aortic pathology, most commonly enlarged nodes
(Harell et al., 1977). More advanced stages of lymph node enlargement may completely
obliterate the para-aortic fatty tissue and displace the aorta anteriorly, producing the
characteristic "floating aorta sign” (Zelch and Haaga, 1979, fig. 4.6b.c.). However enlarged
nodes may also be visible with the normal aortic contour.



The female genital tract
Normal cross-sectional anatomy - a retrospective study

A. Introduction

Uterine size is age-dependent being very small at birth and growing in width and bulk
following the menarche. The postmenopausal uterus is usually atrophic and sometimes
difficult to identify with ultrasound (Miller et al., 1977). The size and shape of the uterus in
cross-section is determined by the angle of its axis to the scan plane, which in turn is governed
by the degree of ante- or retroversion of the uterus as a whole and ante- or retroflexion of
the carpus relative to the cervix. Both may be influenced by a full rectum or bladder and
the particular combination of an empty bladder and markedly anteflexed uterus, may
cause cervix and fundus to appear in one single CT cut as two different structures, simulating
an additional mass anterior to the cervix. Filling the bladder corrects the anteflexion and
the additional mass disappears. For these reasons, the AP diameter of the corpus is difficult
to define and reasonable accuracy can only be achieved in the presence of a full bladder.
Slight lateral deviation of the uterine axis is also common, and may change the position
and form on CT. The cervix is less variable in position, and in general more perpendicular
to the scan plane. In order to establish the normal cross-sectional anatomy of the female
genital tract, 42 pelvic CT scans were reviewed with particular reference to measurements
of size and density and pattern of contrast enhancement of the uterus.

B. Method and material

42 CT scans of the female pelvis, originally made for a variety of clinical indications on
women with no clinical evidence of genital tract cancer, were reviewed. The clinical
indications are tabulated in table 3.1. All scans were primarily interpreted as normal and a
follow-up of at least 6 months in 31 patients, a laparotomy in 10 patients, and an autopsy in

Table. 3.1
Indications for the 42 pelvic CT scans which are used to study the normal CT anatomy of
the female genital tract.

Lymphoma, staging examination 10 patients
Lymphoma? (definite diagnosis: normal) 5
Ischialgia 6
Palpable pelvic mass 2
Abnormal X-ray examination 4
Vague abdominal complaints 5

Trombosis of lower extremity 5
Abscess ? 1
Protein losing enteropathy 1
Neurofibromatosis 1
Unknown 2
Total 42
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one patient who died 6 months later, revealed no signs of pelvic cancer. Ten patients had a
laparotomy within 4 weeks of CT scan as a staging procedure for lymphoma, and no genital
tract abnormalities were found. In all cases the CT slice thickness was 9 mm, scanned
consecutively to the pelvis in 23 cases, and with a half-slice (4.5 mm) interval through the
pelvis in the remaining 19. Seventeen cases had only a plain {non-contrasted) scan while 14
had, in addition, a scan after intravenous bolus injection of contrast medium (80 ml telebrix
38, 30.4 grams iodine). The injection lasted 20 seconds on average followed immediately
bry a first scan at the level of the cervix, followed at 55 second intervals by consecutive 9
mm CT sections proceeding eranially. In 11 patients, the pelvis was scanned only after
contrast injection (30.4 grams of iodine) given about 15-30 minutes previously for another
reason. Diagram 3.1 shows the distribution of patients with the different scan techniques
for each decade age group.
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Diagram 3.1.
Age distribution of 42 patients related to the scan technique, forming the material of the normal
anatomy study.
Using the SAVC (Stand Alone and Viewing Console) of the CT scanner, AP and lateral
diameter in mm, and density in Hounsfield Units of the uterus were measured. For density
measurements, a region of interest of at least 61 pixels was used, unless it exceeded the size
of the structure {e.g. vessels), in which case the region of interest was made as large as
possible, In post bolus contrast scans, density measurements of uterus, gluteal muscles and
femoral or iliac artery and vein were made for each slice and plotted against time. The
lateral cervix borders were assessed and classified as smooth, irregular or with linear soft
tissue extensions into the parametria. The parametria were classified in one of two ways
[. Fatty tissue with some small soft tissue densities only. 2. Fatty tisuc with many linear soft
tissue strands (fig. 3.6.). The transverse diameter of the uterus and the relative positions of
the ovaries, if visible, were recorded.

C. Results

Tables 3.2 and 3.3 and graph 3.1 summarize the results. CT artefacts prevented cervical
density measurement in 2 patients. Small caleifications were visible in the uterine corpus in
4 patients and in the cervix in 1. Tn general, the uterine outline appeared circular or oval,
but in 17, it was a little lobulated. The cervix appeared flat or oval and exceptionally
round. In 3 premenopausal women CT cuts at a level of the cervix or just above demonstrated
a soft tissue mass extension reaching to the pelvic wall (fig. 3.7). Excluding the post bolus
contrast films, a small central lucency was visible in the cervix in 7 patients, and in the
corpus in 4. Of these 4, 3 were plain scans, and one was 30 minutes post contrast (without a
plain scan). In the 3 plain scans, with a lucency in the corpus, the density differences
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Table 3.3.
Assessment of the cervix borders and parametria in 41 women without genital tract cancer.

Patient group lateral cervix-borders parameltria with many linear soft
tissue strands.
smooth irre- linear no  yes
gular soft tissue
extensions

premenopausal 14 20 4 19 19

(n=19)

postmenopausal 34 6 4 377

(n=22)
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graph. 3.1
e contrast enhancement of ulerus, gluteal muscle, iliac artery and vein after bolus contrast
injection (30,4 grams of iodine).

between central lucency and surrounding tissue were 11, 12 and 23 HU. The central lucencies
in the cervix were barely visible and the description inhomogeneous would be better. Of
the 14 patients receiving bolus contrast injection, 11 had central lucency in the corpus
averaging 13.6 mm in diameter on post bolus contrast films, with a maximum density
ditference compared to surrounding tissue of between 6 and 97 Hounsfield Units. All
patients with a lucency in cervix or corpus on the pre contrast scans had a clearly visible
luccncy if the scan was repeated after bolus contrast injection. In 3 cases, a ring of central
contrast enhancement was briefly visible in the cervix in the film immediately after bolus
injection ("arterial phase”, fig. 3.6d.).

Of the 14 patients receiving bolus comtrast injection, the pattern of bolus contrast
enhancement of the uterus was studied in the 10 patients meeting the following criteria :
1. Density greater than 150 Hounsfield Wnits in the iliac artery at time 0.

2. Density difference between iliac artery and vein of least 50 Hounsfield Units at time 0.
3. A minimum of three post contrast shices through the uterus.
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In the 10 selected cases, at time 0, the mean iliac artery density was 183,9. HU and the
mean arteriovenous difference was 81 HU. One patient had 3 uterine slices, 4 patients had
4,2 patients 5, and the remainder 6, 7 and 8 slices respectively. Graph 3.1 plots the average
contrast enhancement against time for these 10 patients.

D. Discussion

Ideally, criteria of normality should be based on a study of normal healthy subjects, but
with CT this cannot be considered ethically justified. The validity of this study is therefore
based on the assumption that the absence of clinical evidence of genital tract cancer implies
normality of the genital organs, regardless of the underlying disease for which CT was
indicated. The cross-sectional size of cervix and uterine corpus showed great variability, as
indicated in table 3.2, and, although sharp demarcation of cervix from bladder and rectum
permitted relatively precise measurements of the AP diameter of cervix in all cases, the
lateral diameter was much less easily defined, because of frequent irregularities of the
lateral cervix borders. Such irregularities, with linear strands of soft tissue density in the
parametria, were present in many patients, particularly in the premenopausal group, and
will be discussed further in 3.5.2. In chapter V the CT dimensions of corpus and cervix
were compared with the dimensions of fresh surgical specimens (table 5.6), indicating an
enormous discrepancy between measurements at the level of the cervix and a relatively
good correlation at the level of the corpus. It may be that the vaginal vault is also measured
with the cervix in CT.

Although contrast enhancement of organs and pathological structures in general by both
bolus injection and infusion techniques are well established in the literature (Fuchs, 1981),
little research has been specifically devoted to the uterus and gynaecological tumours.
However, Hamlin and Burgener (1981} state that differentiation of uterine malignancy
from normal myometrium is often possible after infusion of 300 ml diatrizoate 30%, with
scanning ideally at the end of the infusion, because contrast accumulation in the
myometrium, though extensive, is delayed and is washed out very slowly. In another paper
{Burgener and Flamlin 1981), they suggest that contrast enhancement of an organ is related
to the amount of smooth muscle it contains and to the amount of iodine administered. The
features of a delayed uptake and a long wash-out period are supported by the results of our
study (compare uterine densities without i.v. contrast and 15-30 minutes after i.v. contrast,
table 3.2). The time of maximal contrast enhancement and therefore the best scanning
time would appear to be between one and five or more minutes after injection. A uterine
density enhancement of at teast 100 Hounsfield Units after rapid contrast infusion is quoted
by Burgener and Hamlin {1981) but was never achieved in our material, although we used
almost the same amount of iodine (30.4 grams I). Burgener and Hamlin (1981) conclude
from a review of 89 pelvic CT scans that “intravenous contrast enhancement should be
routinely performed in the demonstration and staging of all pelvic tumours™ and "becausc
concealment of tumour after contrast administration does not occur in pelvic organs, a pre
contrast scan is not necessary”.

Uterus and related tissue

The following description is based not only on the literature but also on additional
information gained from-the foregoing retrospective study.
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tig. 3.6.

Different scans of a normal cervix,

@, Plain scan: normal oval cervix (¢) with smooth lateral borders and only some strands of soft tissue
density in the parametria {small arrows).

b. Post contrast scan: normal oval cervix (¢) with smooth lateral borders and some soft tissue densities
in the paramotria. Note the contrasted ureters (large arrows).

¢. Post contrast scan: karge, round, irrigular bordered cervix (¢} with strand of soft tissue density in the
parametria (small arvows) and contrasted ureters (Jarge arrows).

d. Post contrast scan: flat or oval cervix (¢) with a central ring of contrast enhancement and many
lincar soft tissue extensions into the parametria (small arrows). The contrast emhancement of these
soft tissuc fines indicates their vaseular component (R = rectum, B = bladder).

The uterus can be anatomically divided into three parts, but transition from one part to the
next cannot be distinguished on CT.

1. The fundus or uppermost part of the uterus, together with the Fallopian tubes on each
side is often seen in a partial volume effect with bowel loops.

2. The corpus or body of the uterus is separated from the bladder and rectum by the utero-
vesical and utero-rectal (pouch of Douglas) pouches respectively.

3. The cervix is the least maobile part of the uterus and can be divided anatomically into
supravaginal and vaginal portions. It is visible as a flat or oval mass and can only be
distinguished from the vagina with a contrast marker in the vagina. The use of a tampon, as
in this study, is simple, but not very accurate, since it is not always in the very top of the
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vagina. Other methods of cervix identification in CT include instillation of positive comtrast
medium into the vagina, marking the posterior fornix, or application of an opacified cap.
However, the fact that the ureters turn medially at the level of the cervix enables the cervix
to be correctly located in many patients who are scanned following intravenous contrast
medium. Although the uterine cavity is usually invisible on CT (Steinbrich and Friedman,
1981), in 3 of the 32 women studied, a region of lower density on pre contrast scans was
visible in the centre of the corpus. All these patients were aged less than 50 years, and, as
in ultrasonography, this effect may be temporally related to the menstrual cycle. However,
in 11 of the 14 women described in 3.5.1. a central lucency was seen following bolus contrast
injection. None of the total 42 women had a curettage prior to CT scan.

The uterus is tightly enclosed by peritoneum, which is reflected from the posterior aspect
of the bladder onto the isthmus of the uterus and then passes upwards on the vesical surface
of the corpus, forming the utero-vesical pouch, though this is often invisible on CT. After
passing over the fundus, the peritoneum continues downwards over the corpus, cervix and
upper part of the vagina, from which it is then reflected onto the anterior aspect of the
rectum, forming the utero-rectal pouch. On each side of the uterine body, the two leaves
of peritoneum join to form the broad ligament, which encloses between its two layers some
connective tissue and smooth muscle, known as the parametrium close to the uterus and
uterine tube. The parametrium is not abundant but increases in amount below and laterally
and within it dots or thin lines of soft tissue density are frequently visible in CT (fig. 3.6).
These lines may start in the cervix and enclose the ureters and sometimes run as far as the
pelvic sidewall. After running laterally, they frequently turn more ventro-dorsally and run
to the sacrum. Such lines may represent vasculature in the fibrous tissue skeleton described
by De Blok (1982). He studied the anatomy of the fibrous connective tissue of the female
pelvic region by blunt dissection, histological serial thick section techniques and transparcnt
analytical glass-plate reconstruction techniques and described a skeleton of connective
tissue involving adipose tissue, muscles, vessels, lymphatic structures and viscera in an
organized way. The utero-sacral ligaments were found to be parts of the entire connective
tissue skeleton and not isolated dense bands of collagen fibres. The pelvic viscera were
connected to the walls of their own space via radially orientated systems of connective
tissue septa containing supplying arteries and veins. These septa were very thin and it

fig. 3.7.

Post contrast scan just above the level of the cervix: Note the soft tissue mass extension on the right
{smalf arrows) and the contrasted ureter on the left (large arrow). This patient had a staging laparotomy
because of lymphoma and no abnormalities were found in the pelvis (B = bladder, R = rectum).
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a
fig. 3.8.
Peritoneum and ligaments: a, scan through the uterus just below the fundus demonstrates two lines of
soft tissue density (arrows) running ventrally which may represent the round ligaments.

b. Scan through the uterine body of a patient with ascites (a). The smal arrows indicate the peritoneum
and the arrowheads the broad ligament. (U = uterus, B = bladder, R = rectum, § = sigmoid)

would seem unlikely that they would be visible in CT, although it is remarkable that thin
lines in the parametria orientated in the same manner as described by De Blok (1982) are
often seen in CT. Furthermore, enhancement of these lines after i.v. bolus contrast injection
may be visible, indicating a vascular component (fig. 3.6d.). These septa probably also
contain the lymphatics and would therefore be one of the first locations of tumour spread.
However, linear soft tissue strands of cervix into the parametria are often visible in “normal”
women and must not be mistaken for early tumour spread. We have therefore tabulated
the presence or absence of soft tissue strands in the parametrium and described the cervicai
borders in patients with no evidence of genital tract cancer (table 3.3). The results clearly
indicate that irregular lateral cervical borders, with or without linear soft tissue extensions
into the parametrium, are visible in the majority of women below the age of 50 years and
in many women over 50 years, and are therefore not a sign of tumour spread, as put forward
in literature (Walsh and Goplerud, 1981, Langer ct al., 1981, Haertel, 1980). The broad
ligament also encloses the Fallopian tube, ovarian and round ligaments, uterine artery and
vein, utero-vaginal nerve plexus and part of the ureter, It is often visible in CT, particularly
in the presence of ascites (fig. 3.8). The round ligament is a cord of fibrous tissue attached
to the uterus, just below and in front of the insertion of the Fallopian tube, running ventro-
laterally forming a relief in the anterior layer of the broad ligament, then running through
the inguinal canal and finally disappearing in the subcutancous tissue of labium majus.

Uterine adnexa

Normal uterine adnexa (ovaries, tubes and ligaments) can be visualized in CT but are often
not identifiable as such between bowel loops. In the 42 pelvic CT scans of women with no
gynaecological malignancy, the adnexa could be recognized in 57% of the premenopausal
group and 13% of the postmenopausal group, representing 34.5% overall. 29 ovaries were
visualized (22 being solid and 7 cystic), their average diameter being 28 mm in the
premenopausal group and 19 mm in the postmenopausal group. Cystic ovaries were only
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fig. 3.9,
a and b: normal ovaries (large arrows), ¢: small ovarian cysts (large arrows), d: enlarged pelvic lymph
nodes (small arrows) in the obturator fossa. (U = uterus)

seen in the premenopausal group. Their location in the peritoneal cavity showed
considerable variation. They were usually identifiable just medial to the ureter and thus
against the parictal peritoneum (fig. 3.9a and c.) with an arca of fat density (representing
the extraperitoneal space) visible between the ovary and bony pelvic wall. However, small
masses, probably representing the ovarics, were frequently visible alongside the uterus and
not separated from it by a fat line (fig. 3.9b.) and in one case a cystic structure of 30 mm
diameter was visible in the pouch of Douglas. Particularly in the obturator fossa, ovaries
and enlarged lymph nodes can be easily confused (fig. 3.9d.), but in this area, the ovary is
medial and a node lateral to the urcter and a fat line is normally visible between ovary and
bone. In no case was an ovary visible directly against the iliac bone, though this may be
possible in women with very poor fat planes.

Bladder

Bladder appearance in CT depends on its degree of filling. A urine-filled bladder is necessary
to clevate bowel loops out of the pelvis and deflex the uterus, thus eliminating artificial
images caused by non-opacified bowel loops and partial volume effects between bowel,
uterus and bladder. Examination of the bladder wall is difficult if the bladder is filled with
high density contrast, and impossible if the bladder is empty, its superior surface being
very close to or even compressed by the body of the uterus, and, lying parallel to the scan
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3.7

3.8.

plane, indistinguishable from it in CT because of partial volume cffects. With a filled
bladder, the wall is sharply delincated between low density urine and surrounding fatty
tissue, and is normally 1-3 mm thick, though is frequently thickened after radiotherapy and
chemotherapy. The ureter crosses the bifurcation of the common iliac artery ventrally and
passes downwards on the lateral pelvic wall, where it is closely related to the peritoneum
and to the medial border of the ovary, but is never identifiable without i.v. contrast unless
it is dilated. In the lower part of the pelvis, it passes posterior and inferior to the uterine
artery, and, after reaching a point about 2 cm lateral to the cervix turns antero-medially to
the bladder and runs slightly upwards, lateral to the vagina and into the bladder.

Rectum

The rectum is situated in the subperitoneal space, beginning at the mid-point of the sacrum.
[t is partly covered by peritoneum ventrally and usually surrounded by fatty tissue, which is
always visible between rectum and sacrum. Soft tissue density in this space is almost always
pathological. At the level of the cervix, thin strands around the rectum from cervix to
sacrum are visible, probably representing the connective tissue septa described by de Blok
(1982). Some centimeter caudally, a thin line of soft tissue density around the rectum is
visible, representing the caudal part of levator ani, separated from the rectum by a thin fat
plane. The external sphincter receives important support from levator ani and blends with
it. Vagina and rectum are sometimes separated by a very thin fat plane, but are usually so
close together that no interface is seen.

Vagina

The vagina appears in CT as a flat or oval mass of soft tissue density between rectum and
bladder, although the interfaces with these structures are frequently invisible. Its upper
dorsal part, however, is covered by peritoncum and small bowel loops may be seen in the
pouch of Douglas. Caudally, it runs through the levator hiatus and the levator muscle is
sometimes visible. A tampon is frequently inserted in the vagina to aid localization of the
cervix and appears as a central air density.
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Chapter 1V

Cervical cancer

Introduction

The prognosis of cervical cancer is determined by the stage of the disease at the time of
diagnosis, as evidenced by 5 year survival rates of 87% for stage 1b, 70% for stage 1la, 61%
for stage [lb, 49% for stage 111 and 16% for stage IV (Timmer 1982). Accurate staging of
the disease is important not only for the choice of treatment and for accurate prognosis,
but also to facilitate comparison of different treatment methods. For this reason, in 1929
the Radiologic subcommission of the cancer commission of the League of Nations Health
Organization recommended a classification of cervical cancer based on anatomical borders,
This classification has been frequently revised and in 1970 in New York the cancer committee
of the F.1.G.O. (Fédération International de Gynécologie ct d’ Obstétrique) determined
the presently accepted classification (F.1.G.O. 1971).

Table 4.1.
Definitions of the different clincal stages in carcinoma of the cervix (F.1.G.0O., 1971)

Non invasive carcinoma:

stage 0:

carcinoma in situ, intra epithelial carcinoma

Invasive carcinoma:

stage L:
a:
b:

stage 11

ol

b:

stage [11:

a:
b:

stage IV:

carcinoma strictly confined to the cervix
the cancer cannot be diagnosed by clinical examination
all other cases of stage 1.

the carcinoma extends beyond the cervix but has not extended on to the pelvic wall
the cancer involves the upper two third of the vagina only, without parametrium infiltration
there is parametrium involvement

the cancer has extended on to the pelvic wall, On rectal examination there is no cancer-free
space between the tumour and the pelvic wall,

The tumour involves the lower third of the vagina.

no extension on to the pelvic wall

extension on to the pelvic wall

the carcinoma has extended beyond the true pelvis or has involved the mucosa of the biadder or
rectum,

F.1.G.O. Classification of cervical cancer

The report accepted by the general assembly of F.1.G.O. in New York (1970) states : "In
order to obtain a correct and uniform classification and staging, the cancer committec
considers it important that exclusively such examinations should be used which can be
carried out in any hospital by the physicians and surgeons.” According this, the classification
is based on clinical examination, colposcopy, endocervical curettage, X-ray examination of
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lungs and skeleton and urography (F.1.G.O. 1971}, and therefore the results of more
sophisticated techniques like lymphography, arteriography and CT cannot influence the
F.I.G.O. classification staging (table 4.1). However, F.1.G.O. staging of cervical cancer is
largely dependent on physical examination, lacks objectivity and reproducibility and is
dependent on the experience of the examiner. To evaluate the role of experience, Friedman
and Taylor (1965) reviewed the hospital records of 127 cases in which pre-operative staging
had been recorded by a resident and then by a gynaecologist, and in more than half of the
cases the stage was changed (51.2%), 31.5% staged down (less advanced disease) and
19.7% staged up (more advanced disease). Heyman et al. (1953) carried out an experiment
in which two experienced doctors independently examined and staged 161 patients with
cervical cancer, and demonstrated a staging difference in 18 cases (11.2%).

Beeause clinical assessment is subject to examiner variability, and takes no account of
distant metastases in lymph nodes, liver ete., many authors subsequently record a “surgical
staging”. Averette et al (1972) compared surgical and clinical staging in 70 patients. In 27
(38.6%), the surgical findings were inconsistent with the clinical staging, 21 (30%) having
more advanced disease, of whom 19 were "regraded” to stage 1V by the finding of lymph
node metastases (9) and/or bladder or bowel invasion (12) (table 4.2). Van Nagell et al.
(1971) compared clinical and surgical staging in 125 patients and found similar differences,
the most frequent error being misinterpretation of parametrium involvement. Although
both authors regard the surgical finding of metastatic lymph nodes as indicating a clinical
staging crror, this is not strictly correct, since by definition, F.1.G.O. staging cannot detect
the majority of metastatic lymph nodes. Similar comparisons in the assessment of lymph
node metastases have been made by several other authors (table 4.3). The morbidity and
mortality associated with surgical staging, and in particular para-aortic lymph node biopsy
and dissection, preclude its use for routine staging, and therefore several non-invasive
procedures are used to assist in staging carcinoma of the cervix.

Table 4.2.
Correlation between clinical and surgical staging in 70 patients with cervical cancer (Averette
ctal., 1972),

Clinical staging

! Ha us 1 v Total

surgical staging

I 32 ! 33
A 3 5 I 9
1B 1 4 2 7
111 0 0
v 4 3 4 8 2 21
Total 40 9 9 10 2 70
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Table 4.3

Lymph node metastases in patients with cervical cancer found during surgical staging with lymph node disscetion
(several authors).

Author(s) Ho. Clinical stage
patients
I I m v
pelyic para pelvic  para pelvic  para pelvic  para
nodes  aortic nodes  aortic nodes  aortic nodes  aortic
nodes nodes nodes nodes
j%yucﬁl’lsbau m 56 - 0/4 - 1712 - 7120 - 172
{1972 -
Elli‘qu?eretﬂe etal. 70 - 3/40 - 4/18 - 2110 - 172
Nelson etal. 59 - - - 531 - 13/28 - -
(1974)
Pi;/:::r and Chung 240 39/145 - 32/95 - - . - -
(1975}
Piver 100 - - - 6/44 - 18/49 - 47
(1977
I%};rghardmmd Pickel 150 744 - 38/106 - - - - -
(1978)
Total 675 46/189  3/44 70/201  16/105 - 40/107 - 611
24.3% 6.8% 34.8% 15.2% - 37.3% « 54.5%
23.  Review of literature concerning the use of special

diagnostic procedures in staging cervical cancer.

43.1.  Introduction

Because spread of this disease is principally to the parametrium or by direct invasion of
adjacent organs, intravenous urography, cystoscopy, barium cnema and proctoscopy are
frequently used as staging procedures. The incidence of abnormalities detected by these
procedures is directly related to the extent of local discase found at clinical staging. When
distant metastases occur, they do so early and usually by the lymphogenic route (table 4.3),
and many authors therefore advocate lymphangiography. Although bloodborn metastases
are comparatively rare, a base-line chest X-ray is frequently performed, and some authors
have considered the use of liver imaging procedures.
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4.3.2.

4.3.3,

Intravenous Urography (I.V.U.)

Urography is frequently used in staging, and is a mandatory part of the F.1.G.O.
classification. Tumour may cause pressure and invasion of ureters and bladder, either
directly or via involved lymph nodes. The possible resultant 1. V.U. abnormalities are uni-
or bilateral partial or complete ureteric obstruction, with or without displacement, and
distortion of bladder outline. Many authors record the relative incidence of such
abnormalities in the different clinical stages based on physical examination only (table
4.4.). Bosch et al. (1973) state that, in pre-treatment assessment, mild unilateral
hydronephrosis is not of serious significance, whereas moderate or severe hydronephrosis,
or renal failure, are ominous prognostic findings. The significance of 1.V.U. abnormalities
is reflected in the official F.1.G.O. report (F.1.G.O. 1971}, which states : ™ the presence of
hydronephrosis or non-functioning kidney, due to stenosis of the ureter by the cancer,
permits the allotment of a case to stage T11, even if, according to the other findings, the
case should be alloted to an earlier stage ™.

Table 4.4.
Abnormal [.V.U. in patients with cervical cancer related to the
clinical stage (several authors)

Authors Clinical Stage
i i i v

Waggoner and Spratt (1969) 8129 201256 83/374 99/136

Van Nagell etal. (1973) 47181 12/199  40/124 30/79
Griffin et al. (1976) 0/111 27167 26/46 314
Szabo (1981) WISt 4/126  11/71 317
Total 12/572 12/748 165/615 135/276

(2.1%) (5.19%) (26.8%) (48.9%)

Cystoscopy

Cystoscopic abnormalities in cervical cancer are rare, and usually restricted to clinical
stages HI and 1V (Griffin et al, 1976, Szab6 1981, Van Nagell et al. 1975, Shingleton et al
1971). Szabd (1981) therefore considers cystoscopy indicated only in clinical stages 11 and
IV, while Griffin et al. (1976} also include stage 1B because they consider the distinction
between stage ITB and more advanced disease to be very difficult. Regarding cystoscopic
abnormalities actually found, F.1.G.O. (1971) considers bullous oedema as such to be
insufficient reason to allot a case to stage IV,
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4.3.5.

4.3.7.

Barium enema and proctoscopy

Barium enema abnormalities are rare in cervical cancer. Szabo (1981) found none in 350
new cases, and Griffin et al. (1976) found 7 in 209 new cases, but all 7 also had positive
proctoscopy. Barium enema therefore had nothing to add to proctoscopy, and both authoers
conclude that it should be abandoned as a routine staging procedure

Lymphangiography

The value of lymphangiography in staging cervical cancer is the subject of much discussion.
Piver and Barlow (1973) found a correlation of 95.8% between lymphangiography and
para-aortic lymphadenectomy or aortic node biopsy in 26 untreated patients, whercas
Brown et al. (1979) reported a correlation figure of only 57% in 21 patients. Lagasse et al.
(1979) compared lymphangiography with para-aortic and pelvic lymphadenectomy in 95
patients and found a correlation of 67%. Recently Szaboé (1981) correlated
lymphangiographic and surgical findings (Wertheim-Meigs procedure) in 91 patients with
stage I or I1A cervical cancer, and, although the accuracy of lymphangiography was 73%,
he had 71% false-positives and 16% false-negatives. Kolbenstvedt (1975) stated that the
choice of treatment in stages I and Il should not be altered on the basis of lymphangiography
alone. Lagasse et al. (1979) and Brown et al. (1979) shared this opinion not only for stages
I and I1, but for stage 11T also.

Liver imaging procedures

Bloodstream spread of cervical cancer is rarely evident at the time of diagnosis. Surgical
staging in stage 1T, I11 and IV cancer yielded an incidence of liver metastases ranging from
4 to 6% (Piver and Barlow 1974, Buchsbaum 1972, Guthrie et al. 1974). Szabo (1981}
reviewed radionuclide liverscans in 340 new cases of cervical cancer (all stages) and found
focal liver defects in only 4 patients, three of which were simple cysts. The fourth was
histologically proven metastases in a patient who alrcady had absormal liver function tests
and he concluded that radionuclide liver scan is not indicated in new cases of cervical
cancer with normal liver function tests. It is generally accepted in the literature that
radionuclide liver scans do not yield a useful differentiation between metastascs, cysts,
haemangiomata or other focal abnormalitics. Furthermore, anatomical variation, cirrhosis,
and compression of the liver by adjacent organs may all cause false positive radionuclide
scans {van Engelshoven 1981). Since most of these problems can be resolved by
ultrasonography or CT, these techniques are increasingly used as screening procedures for
liver metastases.

Chest X-ray

Many hospitals perform a routine chest X-ray to provide a pre treatment bascline, although
the vield of lung metastases in cervical cancer is likely to be no more than 2% (Parker and
Friedman 1966, Griffin et al. 1976).
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Computed tomography

Since the introduction of body CT, many authors have emphasized its importance in
demonstrating the extent of disease in cases of cervical cancer. Based on experience with
CT in 455 patients with female genital tract cancer, Breit and Rohde (1979} state that CT is
indicated in all cases of cervical cancer to objectify and complete the clinical findings. Ina
review of 27 patients with benign and malignant uterine tumours, Langer et al. {1981)
consider tumour infiltration of the parametrium to be easily recognizable on CT, and to be
reliable evidence of malignancy. They therefore recommend, together with Haertel (1980},
the routine use of CT in the after-treatment program of cervical cancer, while mentioning
the problems of differentiation between fibrosis and tumowur recurrence.

Table 4.5,
CT criteria in staging cervical cancer and the CT findings in 75 patients with cervical cancer

(Walsh and Goplerud, 1981)

FIGO stage  CTcriteria CT-findings

Tand 1A Tumour confined to slight cervix enlargement
the cervix (3 cm in anteroposterior diameter)

smooth lateral cervix margins and
normal parametrial fat.

nB Trregular cervix disrupted irregular lateral cervix
borders, parametrial borders with parametrial soft mass
mass separation of extension separated from the pelvic
mass and sidewall by side wall, Anteroposterior diameter
pelvic fat of cervix3-6cem.

s extension to pelvie hydronephrosis or tumour extension
side wall or to pelvic sidewall, or by direct
hydronephrosis tumour growth in the obturator

internus or piriformis or by linear
soft tissue strands extending to
these muscles.

VA bladder or rectal nodular indentations along the
involvement posterior bladder wall or

intraluminal tumour mass or focal
loss of the posterior perivesical
fat plane surrounding the anterior
surface of the rectum

IVB inguinal lymph node lymph node metastases, adnexal
meiastascs, MASSCS
introperitoneal
metastases
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All these studies, however, are retrospective and the CT criteria of pathology are not
precisely defined. Walsh and Goplerud (1981) prospectively correlated CT staging with
clinical findings in 75 untreated patients, and with surgical findings in 25 of these, who
were operated on. Their CT staging criteria and actual CT findings are tabulated in table
4.5. CT stage was identical to clinical stage in 65%, more advanced in 199 and less extensive
in 16%. In the surgical group, there was exact correlation in 64% (16 patients), and of the
9 errors, 8 were CT stage 1B, 4 of which showed no evidence of parametrial invasion on
pathological examination of radical hysterectomy specimens. In three CT stage 1B patients
. surgery showed tumour extension to pelvic side wall. CT correctly identified 11 of the 12
more advanced lesions (I1IB and I'V). They concluded that CT was not sufficiently accurate
to differentiate IB and early 1IB lesions, and thus alter treatment decisions. Kilcheski et al
{1981) prospectively compared surgical and CT staging in 17 new cases of cervical cancer,
and found total agreement in 13, the two errors being CT stage 1IB, but surgical stage IVB
on the basis of metastases in lymph nodes 1.5 cm or less in diameter. They fail to define
their CT staging criteria accurately, but conclude, nevertheless, that, after the initial
clinical examination, CT should be used to evaluate the pelvis and retroperitoneum in all
patients with more than micro-invasive cervical disease, and that intravenous urography
and barium enema need not be used as routine screening procedures, since CT is equally
or more effective in detecting bladder or rectal involvement.

Lee et al. (1978) studied CT detection of lymph node metastases by comparing CT and
surgical findings in 26 patients with pelvic malignancies, and found an overall accuracy of
73% and false-negative rate of 40% and no false-positives. In all false-negative cascs, the
metastatic nodes were not enlarged. Fourteen of the 26 patients also had lymphangiography
as part of the staging procedure and this yielded a false negative rate of 37% with a false
positive rate of 40%. However, they stressed that in the unequivocally abnormal cases, CT
is superior to lymphangiography in demonstrating the true extent of tumour involvement,
because the abnormality as shown in lymphangiography is often only the "tip of the iceberg™.
CT was also superior in demonstrating abnormal nodes in the retrocrural space, renal
hilus, splenic hilus, porta hepatis and mesenteric areas, where contrast material from
lymphangiography does not usually reach, Walsh et al (1980) compared CT findings with
pelvic lymph node histology in 35 cases of malignant genito-urinary discase, and found an
overall accuracy for CT of 77% with a false negative rate of 15% and a false positive rate of
33% , and concluded that CT was a valuable non-invasive screening technique for pelvic
node metastases. Walsh and Goplerud (1981) made a similar study in 19 patients with
untreated cervical cancer, and found a CT accuracy rate of 74% with 30% false ncgatives
and 22% false positives. Tt should be noted that in both these studics, the lymph node
histology was selective and consequently the accuracy rates quoted may be over-optimistic.

A study of CT features in untreated patients with cervical
cancer
Introduction

The role of CT scanning in staging untreated patients with invasive cervical cancer is
uncertain and three basic questions remain unanswered :
1. Can CT provide objective information about parametrial infiltration ?
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4.4.2.2.

2. Can CT provide objective evidence and indicate the incidence of metastatic lymph node
involvement in untreated cervical cancer ?
3. Is CT indicated as a routing procedure in staging untreated patients with cervical cancer?

In an attempt 1o answer these questions, this study compares CT findings with surgical and/
or ¢linical findings in 56 consecutive patients with histologically proven invasive cervical
cancer. The study was commenced as a retrospective detailed review of hospital records,
but the number of patients was too small to draw any definite conclusions, so a prospective
study became essential.

Method and materiai(

Retrospective study

Fifteen consecutive CT scans performed as an initial staging procedure in untreated patients
were reviewed by two radiologists without knowledge of the clinical staging. Using the
assessment method described in chapter 3.5.1., details of the cervix, its borders and the
parametria were recorded. Soft tissue masses in the region of the pelvic nevrovascular
bundles and the para-aortic nodes were recorded as enlarged lymph nodes if they had a
diameter of more than 1.5 cm. Non-cystic focal liver lesions, suprarenal masses, peritoneal
and omental soft tissue masses and skeletal lesions were recorded as possible metastases.
The extent of disease was then expressed in CT staging using 2 modifications in the criteria
of Walsh and Goplerud (1981) (tabel 4.5). The modifications are that “irregular cervix
borders” are omited from CT stage 11B criteria and the single criterion for stage I'VB is
»presence of distant metastases”. The reason for these modifications is the frequent finding
of irregular cervical borders in women without genital tract cancer as described in the
anatomy study of chapter IT1. The new CT criterion for stage [VB is a logical interpretation
of the F.1.G.O. stage IVB criterion that "the carcinoma has extended beyond the true
pelvis™,

The hospital records of all the patients were then reviewed in detail, with particular reference
to the findings of physical examination under anaesthesia concerning the site and the
extent of parametrial infiltration, and the results of 1.V.U. and cystoscopy. In one case,
the clinical staging examination had been performed without anaesthesia. Surgical findings
in three patients were available and recorded. Tables 4.6 and 4.7 summarize the different
clinical staging in these patients, and the operations performed.

Histologically, 13 patients had squamous cell carcinoma, one had adenosquamous cell
carcinoma and one adeno carcinoma. Three patients were scanned from perineum to
diaphragm, and in the remaining twelve only the pelvis was scanned. In 10 patients,
consecutive CT cuts were made throughout the pelvis, and in the remaining five, cuts were
made at 4.5 mm intervals. Intravenous contrast was not used in any of these patients.

Prospective study

By agreement with the gynaecologists of five different hospitals, all new patients with
invasive cervical cancer were referred to the de Wever Ziekenhuis, Heerlen or the St.
Amnadal Ziekenhuis, Maastricht for CT scan of pelvis and abdomen as described in chapter
1. A total of 41 patients were thus examined, and form the material of this study. One
patient received no intravenous contrast medium, six patients had a bolus injection
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immediately prior to rapid sequence scanning (RSS) through the liver, 18 had multiple
bolus injections to outline vessels and ureters or bladder and 16 had a bolus injection (30.4
grams iodine} immediately prior to rapid sequence scanning through the uterus. AU CT
scans were reviewed by two radiologists as described in 4.4.2.1. without knowledge of the
clinical staging.

Table 4.6
Clinical stages (F.1.G.0O.) in 56 consecutive patients with untreated invasive cervical cancer
who are subject of this study (combined retro and prospective studies).

Stage Retrospective  Prospective Total no.
study study patients
I 4 17 21
1A 2 5 7
B 5 7 12
A - 1 1
B 3 6 9
VA 1 - 1
No definite
clinical stage 5 5
Total 15 41 56

Table 4.7.
Different types of operation performed in 26 patients with invasive cervical cancer
(retrospective and propective study)

Operation Retrospective  Prospective Tota!
) study study

AVRUEL 2 11 13
AVRUEL (abandoned) 1 5 6
Wertheim-Meigs 2 2
WVaginal hysterectomy and Schauta proc. 2 2
Abdominal hysterectomy ] 1
Diagnostic laparotomy 2 2
Total 3 23 26
Notes:

1. AVRUEL = Abdominal Vaginal Radical Uterus Extirpation and Lymphadenectomy.
2.2 of the abandoned AVRUEL operations were begun for inconclusive clinical staging, but
stopped on the finding of parametrial involvement. The remaining 4 were stopped because of
positive lymph nodes on frozen section.
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Routine clinical staging procedure included physical examination {under anaesthesia in 33
cases), chest X-ray, LV.U. (39 paticnts), cystoscopy {37 patients}, barium enema (16
patients) and proctoscopy (17 patients). Physical examination was performed by the
referring gynaecologist, usually prior to CT scan, and the findings were recorded on a
special form. (appendix T). Tn six cases, CT scan was performed within the week preceding
physical examination, and in the remainder within the 25 days following examination
(average 6.7 days). It was agreed that all therapeutic decisions should be made without
referrence to CT scan findings, and except when contra-indicated, operation should be
performed for all clinical stage 1 or ITA. Although individual gynaecologists were allowed
freedom of choice in the type of surgical procedure, an agreement was made that all would
record basic surgical and histological findings on a special form (appendix 11). Subsequent
detailed histopathological reports were also available for review. Tables 4.6 and 4.7 record
the clinical stages found and the operations performed. In two patients no clinical staging
procedure was performed, and in 3 the results were inconclusive. In one patient, the
clinical staging form recorded stage 1B in the presence of an obstructed ureter on 1.V.U.
As this was an error by definition, the author restaged this patient form HB to 111B.
Histologically, 35 patients had squamous cell carcinoma, 3 had adeno carcinoma and one
had adenosquamous cell carcinoma.

Results

Throughout this section, the use of brackets differentiates the results of the retrospective
study from those of the prospective study. In all tables where brackets are not used the
results refer to the combined study.

Table4.8

Measurements of the cervix related to age and clinical stage in 47 patients with cervical cancer
(3 patients were excluded because of a technically suboptimal pelvic CT scan, on one paticnt
no floppy disc was available to do measurements and on 3 patients no clinical stage was avai-
lable.

Age clinical  no. AP diameter in mm. R diameter in mm.
stage patients

mean  range  s.d.  mean  range  s.d.

premenopausal T+ A 8 42,2 3551 9.0 642 4586 14.9
1B 2 40.00 40 - 66.5  53-80 -
1B 3 523 48-38 - 77.7  56-94 -
VA 1 40.0 - - 500 - -

postmenopausal T+11A 17 343 2460 78 588 34-87 108
1B I 397 2768 116 541 4260 79
1TA I 240 - - 390 - -
B 4 542 3860 28.0 67.8 43-80 14.0
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Table 4.9

Cervical density features in patients with cervical cancer (brackets indicate retrospective study).

Clinical stage
1+1A 118 TIA B 1A% no definite

clinical stage

CTfindings

no.
patients

Total

Central air density AU+AN9+(0)y 6+0) - 4400y - 4+ ()
Scans without

i.v. contrast medium

(plain scan) 18+ (13)

- cervix homogeneous B+(5)

- (5) - 14+(2) 0+(1) 2+(0)

14
-cervix inhomogeneous P40y 24+(0) - 240y - 1+ ()
Scans 15 - 30 minutes
afteri.v. contrast
medium 24+ (0)

- cervix homogeneous 5+ 2+() -

- cervix inhomogeneous T+ 340 1+0) 4+ - 24 ()
Scans immediately after

bolus contrast

injection (RSS) 16 + (0)

-cervixy homogeneous 240y 1+ - - - -

- cervix inhomogeneous 6+( 24(0) - 24(0) - 34 ()

23+ (0)

12+ (13)
6+ (0)

7+ (0)
17 + (0)

3+ (0)
13 + ()

4431,

Measurements

Table 4.8. relates objective measurements of AP and right - left diameter of the cervix to
the clinical disease stage (c.f. table 3.2.). Table 4.9. correlates cervical density features in
plain and contrasted scans with the clinical stage in cervical cancer patients. On plain scan,
6 patients had a slightly inhomogeneous cervix, and following bolus contrast injection, this
became much more obvious and was surrounded by a rim of more contrasted tissue (fig.
4.3.}. In addition, several patients with a homogencous cervix on plain scan showed
inhiomogeneous features following contrast injection (fig. 4. 1d-¢.). In some of thesc cascs
in the lower stages of disease, contrast revealed a central lucency, sometimes only visible
with optimal window width and window level scttings, but in the higher stages of discase,
the lucent area was larger and more irregular, with a density difference between centre and
rim of 30 1o 40 Hounsﬁgld Units. The seven patients, groups I and ITA, with homogeneous
contrast enhancement were all operated, and 6 had a small infiltrating cervical cancer of
less than 5 mm in diameter. The one exception was a patient with clinical stage IB and CT
stage TVB on account of possible liver metastases and a large pelvic mass. At operation,
however, the uterus was found to be fixed in retroflexion, appearing on contrast CT as a
large homogeneous mass. A retrospective inspection of the contrast CT scan did in fact
show a lucent inhomogeneous area representing the cervix. The liver lesions prove to be
haemangiomas. Ten of the 13 patients, F.1.G.O. stage I and 1TA, with an inhomogencous
contrast accumulation in the cervix were operated, and in 2, the operation was abandoned
because of parametrial involvement, while in the remaining 8 the cervix was histologically
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extensively infiltrated (fig. 4.1c.). Moreover ali five patients without a definite clinical
stage had a laparotomy and four had surgically proven parametrium involvement (fig. 4.4)
and in the fifth the uterus was removed and the cervix was deeply infiltrated histologically.
In no case where plain and contrasted scans could be compared did a lesion, visible on
plain scan, disappear after contrast.

Correlation of CT and clinical staging

The criteria for CT staging used in this study are shown in table 4.5 and are as used by
Walsh and Goplerud (table 4.5) with the important modifications as mentioned in paragraph
4.4.2.1, Clinical staging in this present study is based on the F.1.G.O. criteria. Tabie 4.10
summarizes the results of the first observer. Two of the 28 patients with clinical stage I and
T1A were upstaged to CT stage 1B on the basis of parametrial extension and 6 to CT stage
1VB, 4 for suspected lymph node enlargement, 1 for suspected liver metastases and the
sixth for both lymph node enlargement and bladder wall involvement. Three clinical stage
113 patients and 1 clinical stage ITITA had completely normal CT scans, in spite of
histologically proven cervical cancer, and were therefore downstaged to CT stage I and
1A Three clinical stage 1B patients were upstaged to CT stage TVB, because of lymph
node enlargement. Of the nine patients with clinical stage 11IB, one was upstaged to CT
stage IVA, for bladder wall involvement and 6 to CT stage I'VB for lymph node enlargement,
1 also showing signs of liver metastases. The one patient with clinical stage [VA on the
basis of bladder wall infiltration at cystoscopy was downstaged to CT stage [1B. In total,
CT and clinical stages differed in 23 patients (47%), 18 (37% ) being upstaged and 5 (10%)
being downstaged by CT.

In order to detect interobserver variability and to exclude bias all CT scans were reviewed
by a second observer. Table 4.11 compares the results of observer 1 and II.

To study each of these areas of discrepancy in greater detail specific CT, clinical and
surgical comparisons were made.

Table 4.10
Correlation between CT and clinical staging in 56 consecutive untreated patients with
cervical cancer (observer 1) (patients of the retrospective study between brackets).

Clinical stage
! 1A 1B A MIB  IVAIVB  Nocdlin. Total
stage
CT stage
! 1Z+(2)3+(2) 2+(1) 1 1 4
IfA
1B 1+ (1) 24 (4) (1) 1 10
A
B 1 1
VA 1 1
1VB 3+(1) 2 3 4+(2) 3 18
No CTstage |1 (n ) 2
Total 21 7 12 1 9 1 5 56
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Table 4.11
Comparison between CT interpretations by two observers of 56 CT scans of patients with
cervical cancer.

CT-stage observer 1]
I-li4 IB B VA VB No CT Total

stage

CTstage

observer |

I+1TA 11 12 1 24
B 8 ] 1 10
nNiB 1 I
IV A 1 1
VB 2 16 18
No CT stage 2 2
Total 11 22 2 | 18 2 56

Table4.12

Correlation between CT (two observers) and clinical interpretation of parametrium
infiltration in 48 untreated patients with cervical cancer.

(Prospective study 35 patients, retrospective study 13 patients).

Clinical interpretation

No parametrium  Parametrium

infiltrarion infiltration

CTinverpretation

-observerl 39+(11) 8+ (6)
No parametrium
infiltration

-observer [1 30 + (6) S+(5)

-observer [ 13+4(2) 10+ (7)
Parametrium
infiltration

-observer 11 2+ 134 (8)

Parametrial infiltration: CT, clinical and surgical findings

An examination of the left and right parametria in 48 untreated paticnts with cervical
cancer permitted a total of 96 CT-clinical comparisons in the interpretation of parametrial
infiltration (table 4.12). 8 Patients had to be excluded, 5 because clinical staging was
inconclusive or not done and three patients had a technically unsatisfactory CT. There was
agreement between clinical and CT findings in 69% (observer 1) and 59% (observer I1) of
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the parametria examined. The disagreements, however, were sometimes dramatic, 4
parametria interpreted chinically as invaded to the pelvic wall appearing normal on CT
(both observers) and 6 appearing invaded to the pelvic wall on CT (both observers)
appearing clinically normal.

Comparison of CT and surgical interpretation of the left and right parametria of 24 patients
cnabled an assessment of 48 parametria to be made. This group consisted of 19 patients
operated for clinical stage T or ILA carcinoma of the cervix, 2 for carcinoma in situ and 3
because physical examination was inconclusive. The correlation is shown in table 4,13
There was complete agreement between surgical and CT findings in 75% (observer 1) and
67% (observer I1) respectively.

Table 4.13

Correlation between CT interpretation (two observers) and surgical findings concerning
parametrium infiltration in 24 untreated patients with cervical carcinoma. {Prospective
study 22 patients, retrospective study 2 patients).

Surgical findings

No parametrium  Parametrium

infiltration infiltration

CT-findings

observer | 294 (2) 6+ (1)
no parametrivm
infiltration

observer 11 224 (2) 34+(1)

observer | 44 (1) S+ (0)
parametrium
infiltration

observer 11 I+ (1) 8+ (0)

Table4.14

CT demonstration of lymph node enlargement (two observers) related to clinical stage in
56 consecuative untreated patients with cervical cancer (retrospective study 15 patients,
prospective study 41 patients). One patient (stage I B) had enlarged obturator and para-aor-
tic nodes.

No. Stage External iliac Para-aortic or Percentage
patienis nodes conmmon iliac
{obturator) nodes

28 I-1TA 54 (1) 2 25% v
12 1B l 1 16.6%

l A - - -

9 B 44+ (2) - 66%

I Y - - -

5 nochn.stage 3
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Lymph node pathology - CT and surgical findings

Inn'19 of the 56 patients the CT scan showed abnormalities suggesting lymph node
enlargement with a disagreement between both observers in 4 patients concerning pelvic
node abnormalities. Table 4.14 shows the distribution and site of all these findings (both
observers together) according to clinical stage. Only one patient in stage I - ITA had enlarged
nodes on both sides. To determine the accuracy of CT in detecting lymph node metastases
in new patients with cervical cancer, CT and surgical findings were compared in 15 patients
who had a complete pelvic lymphadenectomy (AVRUEL or Wertheim-Meigs), in 4 patients
who had an abandoned AVRUEL procedure and in one patient who had a pelvic node
biopsy during abdominal hysterectomy. In all these patients, except one, both observers
agreed about the presence or absence of lymph node enlargement. No information about
pelvic lymph nodes was obtained in the other 6 operations. The results are given in table
4.15 and show an overall correlation of 75%. The CT false-positive finding was a pelvic
node 1.7 cm in diameter not found during surgery, and of the 4 CT false-negatives, only
one node exceeded two cm diameter in cross-section.

Table 4.15

Correlation between CT (two observers) and histological examination concerning the
presence of metastatic pelvic lymph nodes in patients with cervical cancer who had a
completed pelvic lymph node dissection (15) or a pelvic lymph node biopsy (5)

Histological findings:

negative pelvic positive pelvic
CTfindings fymph nodes Iymph nodes
negative pelvic
lymph nodes 12+ (0) 2+(2)
positive pelvic
tymph nodes 0+ (1 3+ ()

Table 4.16

The incidence of tumour related abnormalities demonstrated by different diagnostic
procedures in 56 untreated patients with cervical cancer.

(15 retrospective, 41 prospective).

Tumour related abnormalities
Present Absent
No. Pts No. Pts.

Chest X-ray 0 41 4+ (15)
LV.U. 3 36 + (15)
Cystoscopy 34+(D 34 + (14)
Bariumenema 0+ (1) 16+ (1)

Proctoscopy 0+ (1) 17+ (10)
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4.4.4.

CT compared to 1.V.U., cystoscopy, proctoscopy and barium enema

Table 4,16 shows the incidence of tumour related abnormalities demonstrated by other
special investigations in untreated patients with cervical cancer. The three LV.U.
abnormalitics were unilateral distal ureteric obstruction, two in clinically staged 11B patients,
who were upstaged to 111B and the third alrcady staged as I1IB. In all three, CT
demonstrated the obstruction cause as a soft tissue mass. CT indicated no ureteric
obstruction in any of the other patients. Four cystoscopic abnormalities were found, but
only one case was upstaged, because no biopsy was taken in the other three. In this patient,
barium enema and prostoscopy revealed abnormalities probably caused by extraluminal
compression, and laparotomy demonstrated mesosigmoid metastases not visible on CT. In
two of the other three, the parametria were clinically invaded to the pelvic wall. The
remaining patient also had a 11IB lesion due to an obstructed ureter. In only one of the
four cases did CT confirm bladder wall invasion, but in another case, clinically IB, CT
demonstrated clear thickening and irregularity of the dorsal bladder wall, indicative of
tumour invasion (fig. 3.6a.), but this was not confirmed by cystoscopy, although the patient
dicd four months later with extensive metastatic disease. There were no tumour related
abnormalitics on barium enema or proctoscopy other than the one case mentioned earlier.

Liver lesions and suprarenal masses

In 44 patients, the liver and suprarenals were included in the CT. Liver abnormalities were
found in 5 cases, easily interpreted as liver cysts in two, but solid and suspiciously metastatic
inn the other three. In one patient an operation (AVRUEL) demonstrated a liver
haemangioma. The other two were clinical stage HIB and therefore not operated.

In 4 patients CT demonstrated a unilateral suprarenal mass, 1-2 cm diameter. Two had a
clinical 11B lesion, one with bilateral ovarian cysts and the other with very extensive pelvic
disease on CT. Of the other two patients, one had histologically proven lymph node
metastases and the other liver metastases.

There was no disagreement between the two observers about the interpretation of the liver
and suprarenals.

Discussion

The discrepancy between clinical and surgical staging of cervical cancer is well documented
in the literature {table 4.2). The principal areas of disagreement concern the interpretation
of parametrial infiltration, and the presence of distant metastases. The fact that F.1.G.O.
staging lacks techniques capable of diagnosing distant metastases would appear to be a
major reason for failure to detect more advanced disease. In the attempt to find suitable
techniques, CT is finding increasing favour with many workers, and this study attempts to
evaluate the possible role of CT in elucidating the two main areas of disagreement.

A preliminary discussion of the CT features of the cervical tumour itself is worthwhile,
because it is well known that, quite apart from other factors, prognosis is related to the
pelvic tumour bulk at the time of diagnosis. The objective nature of CT scanning lends
itself to measurement as a method of establishing tumour bulk. A study already described
in chapter 111 uses such measurements to establish average normal values for the cervix in
women with no genital tract disease, and is used as the baseline for a similar study described
in this chapter in patients with cervical cancer. In chapter V however, table 5.6 demonstrates
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fig. 4.1.

Four patients with cervical cancer, clinical Ib (F.1.G.0O.) a. Post contrast scan: normal CT scan with
homogencous cervix. Operation and histology revealed a minimal lesion {cervical infiliration 2 mm)
and no spread outside the uterus. b, Pre contrast scan: irregularly bordered cervix, especially on the
left, with lincar soft tissue extensions {arrows) and a homogencous density. Operation revealed
parametrium infiltration on the right and a normal left parametrium. ¢. Post contrast scan: large
inhomogeous cervix, sharply bordered with soft tissue densities in the parametrium (arrows). Operation
revealed no parametrium involvement but histologic examination demonstrated an extensively
infiltrated cervix. dfe. Pre and post contrast scan: the pre contrast scan reveals a homogeous cervix
and in the post contrast scan is a central region of slighty lower density (arrows) visible, possibly
representing the tumour {no operation), (B = Bladder, u = ureter, ¢ = cervix)
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a poor correlation between CT and surgical specimen dimensions of the cervix. Although
the lateral cervical borders and thus the right - left diameter of the cervixare also determined
by the surgeon, the discrepancy indicates that the borders are difficult to define and that
CT measurement of the cervix may also inleude surrounding structures (vaginal vault).
Average diameters of the cervix in cervical cancer are greater than in normal subjects, and
the more 50 with increasing clinical stage, but the wide overlap (large standard deviation),
particularly in the premeénopausal patient group, indicates that absolute measurements
have little or no significance in the diagnosis and staging of cervical cancer. Comparisons of
cervical cancer stage 1 and 1A with the normal cervix revealed statistically significant
differences in the premenopausal patient group for the AP diameter (0.02 < P < 0.05,
Student t test) and not for the transverse diameter (P> 0.1, Student t test). In the
postmenopausal patient group there were more significant differences (AP diameter P «
0.001 and transverse diameter .05 <« P < 0.1, Student t test). Walsh and Goplerud (1981)
made similar measurements and quote averages broadly in line with these figures.

fig. 4.2,

Four patients with cervical cancer, clinical stage 1b (F.1.G.0.). a. Post contrast scan: CT demonstrates
parametriun mass extension on the left (arrows), but physical examination under anaesthesia (e.u.a.)
revealed a normal parametrium on the Jeft and parametrium infiltration on the right. b, Post contrast
scan: CT shows a left side ovarian cyst but e.u.a. revealed parametrium infiltration on the left and a
normal right parametrium. ¢. Post contrast scan: CT demonstrates a sharply demarcated large cervix,
¢, u.a. revealed parametrium infiliration on the right and a normal left parametrium. d. Pre contrast
scan: CT demonstrates a large round cervix but e.u.a. revealed parametrium tumour infiltration on
both sides just not reaching the pelvic wall (B = bladder, U = uterus, ¢ = cervix, C = cyst. u =
ureter).
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Although not objectively measurable, because of frequent inhomogeneity, a lucency in the
cervix, in pre- or postcontrast scans was a clearly identifiable CT feature in cervical cancer.
in general, the normal cervix, or one containing a very small tumour, appears homogencous
on pre and post contrast CT scans, while the characteristic of the large infiltrating cervical
tumour is an inhomogeneous lucent zone of variable size in the cervix on both pre and post
contrast scans, with the additional post contrast feature of an irregular densely contrasted
rim. Intermediate sized tumours greater than 1 cm. diameter generally appear homogeneous
precontrast, while revealing a central lucent zone on post contrast scan (fig. 4.1d. and e.).
It is important to note, however, that the limits of lucency do not necessarily indicate the
limits of the tumour, since a clearly circumscribed lucent zone on CT may prove surgically
to represent an infiltrating carcinoma involving the parametria. In this study inhomogeneous
lucency of the cervix was sometimes accompanied by a central lucent zone in the uterine
corpus (fig. 4.5b.), usually seen on post contrast scan. The literature confirms this finding,
and some have interpreted it as representing endometrial extension of the cervical tumour,
on the basis of fractional endometrial curettage (Walsh and Goplerud 1981). In the presemnt
study however, three of the ten cases showing this feature were aperated (2 adeno- and
one squamous cell carcinoma) and histology of the uterus revealed no endometrial
extension, and it seems possible that the feature represents haematometra after curettage.
As described in chapter V, endometrial cancer is also characterized by central lucency in
the corpus, but with a more sharply demarcated and regular transition, and a less density
difference on plain CT scans. Twenty-three cases of cervical cancer had a central cervical
lucency of air density (fig. 4.1d. and 4.2c.), possibly representing the cervical canal following
fractional dilatation and curettage, but significantly never seen in patients with endometrial
cancer following curettage. A possible explanation is that a tumour infiltrated cervical
canal has lost its elasticity and remains patent following dilatation. In two such paticnts,
there was a small area of very low density immediately adjacent to the open cervical canal
and in both this could be correlated with a cervical biopsy taken some days prior to the CT
scan. In three other patients, the air density was large and irregular and could represent a
necrotic centre to the tumour (fig. 4.3).

Although there may be specific CT features for the presence of cervieal cancer, this study
reveals such a poor correlation of CT with clinical (table 4.12.) and surgical (table 4.13.)
findings with regard to the the presence of parametrial involvement that it is virtually
impossible on the basis on CT findings to make any differentiation between 1B and IIB
lesions (fig. 4.1b.). Moreover the enormous interabserver variability demonstrates the lack
of objectivity in the CT interpretation of the parametria, The irregular cervical borders and
linear soft tissue extensions described by other authors (Walsh and Goplerud 1981, Langer
et al., 1981) were so frequently seen in the normal control study described in chapter 111
that such features cannot form the basis of CT staging of tumour infiltration. The only CT
sign considered to be indicative of parametrial extension is soft tissue mass extension (fig.
4.3 - 4.5). The poor correlation of such CT signs with both clinical and surgical findings
must, however, be interpreted in the context of the absencee of histological proof of
parametrial infiltration. Because the parametrium was surgically presumed to be tumour
involved when palpation at operation suggested this. Biopsy for histological confirmation
would be unethical because this might carry unwarranted risk for the patient. Nevertheless,
the accuracy of CT in differentiating 1B from 1B lesions would appear to be too low to be
permitted to alter treatment decisions. Mention has already been made of the very marked



fig. 4.3.

1.V.U. (a), pre (b) and post (¢) contrast scans of a patient with cervical cancer stage 111b because of
parametrium tumour infiltration on the left not reaching the pelvic wall but with a left distal ureteric
obstruction (the right side was normal at e.u.a. ). Note the soft tissue mass extension on the left (small
arrows) with compression of the ureter, the central air density and the rim of contrast enhancement (u
= groter, ¢ = cervix, b = bladder).

differences between clinical and CT findings in estimating the extent of parametrial
involvement,

CT found evidence of pelvic or para-aortic lymph node involvement in 25%, 16.6% and
669% of patients with clinical stage I and ITA, 1B and 11IB lesions respectively, with an
interobserver variability of only 7%. These results are not markedly different from those in
table 4.3. However, a comparison with surgical results in 20 patients (table 4.15) shows a
poor correlation, with many false negatives. Nevertheless, CT evidence suggestive of large
nodes should be taken seriously, but no treatment alteration should be made without
histological or cytological confirmation, a procedure easily performed by needle biopsy
under CT control {fig. 4.10f.). Histological or cytological confirmation is also indicated in
the presence of CT evidence of solid liver lesions.

Finally, CT displayed a considerable advantage over LV .U. in the three cases of ureteric
obstruction in this study, by demounstrating soft tissue mass as the cause of the obstruction
(fig. 4.3), but it is inferior to cystoscopy in demonstrating bladder wall involvement.
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fig. 4.4,

Pre (a) and post {b) contrast scans of a patient with squamous cell carcinoma of the cervix with
inconclusive clinical stage. Laparotomy revealed a large tumour-infiltrated uterus in retroflexion and
parametrium infiltration on the left. CT showed alarge uterus (U) with peripheral contrast enhancement
and a soft tissue mass extension on the left (small arrows). (b = bladder, u = ureter).

The choice of therapy in cervical cancer is at present based on clinical staging and this
study raises the question if whether CT staging would form a more appropriate basis for
such therapeutic decisions. A theoretical comparison of the two staging methods reveals
important differences, namely that CT provides objective, reproducable, visible information
including the presence of possible distant metastases, while clinical assessment (involving
at least 10 different gynaecologists in this study) is essentially subjective, yields palpable
information and is unable to detect distant metastases. It is perhaps not surprising that in
this study, CT staging differed from clinical staging in about 50% of cases (table 4.10.),
nearly always indicating a higher CT stage, the main areas of disagreement being in the
interpretation of parametrial infiltration and the presence of lymph node metastases. Such
alterations in clinical stage would theoretically have resulted in 25% of patients receiving a
different treatment, 8 receiving radiotherapy instead of surgery and 4 surgery instead
radiotherapy. Of these, two would have received extended field radiation for para-aortic
lymph nodes and 3 received chemotherapy for liver metastases. Treatment change between
IB and IIB lesions depends on parametrial assessment, and the foregoing discussion about
the huge interobserver variability in the assessment of parametrium involvement and the
poor surgical correlation, clearly shows that CT is not yet sufficiently accurate to warrant
such a change in policy.

Likewise, treatment change based on the CT findings of lymph nodes is in general not
justified, except when a possible lymph node mass is sufficiently large to permit fine needle
biopsy under CT control (fig. 4.10f.), and there is histological evidence of metastatic
disease. However, future treatment decisions, particularly in the clinical stage 1B to IV
group may depend upon an accurate assessment of tumour bulk, and in this respect, CT
would appear to provide more accurate and objective information. In such situations,
particularly if there is a marked discrepancy between CT and clinical findings, surgical
confirmation of the extent of the discase may be justified. Two case examples serve to
iltustrate the extent of such discrepancies :
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v P bk wnll odstrnrting

parameetTions fvolvonent 1o the pelely wall, tumour nfiltey
vaging and mass extension on the left along the wtere-sacral ligament ro the sacrum. C7 demonstrates
a lurge sharply outhned mass (m) with a low density contre after contrast injection and no parametrium
mass entension, 3 low density region (v} in tho corpus and & tumour mass ventral (o the sacram
{arrows), ¢ and d. A patient with 1ib lesion on the basis of twmour infiltration in both parametria (less
than 509 and C7 reveales o large mass {m) infiltrating both paramctria and ovaries (arrows). (R =
rectum, b= bladder)

Cave A.

A B8 year old woman with squamous cell carcinoma of the cervix, stage 1B, had a barrel-
shaped tumour and large uterus on pelvic examination, but no signs of parametrial
imvedvement. Chest X-ray, 1.V .U, and cystoscopy were all normal. CT scan however,
demonstrated an enormous inhomogeneous mass with soft tissue mass extensions almost to
the pelvic sidewall, bladder identations suggestive of bladder involvement and many large
pelvic and para-aortic nodes. These findings indicated a CT stage IVB. She was treated
with radiotherapy and died three months later with extensive metastatic disease {fig. 4.6).
Case B.

A T2 year odd woman with adenosquamous celf carcinoma of the cervix was classified as
stage [1B because of tumour involvement of both parametria almost to the pelvic wall on
the left side and half way on the right. '

I

&




. b c
fig. 4.6.

Case A: clinically Ib lesion cervical cancer (barrel-shaped cervix}: CT cuts at three different levels,

a. large inhomogeneous mass (m) with bladder wall indentations (arrows) and parametrial soft tissue
mass extension on both sides. b and ¢. enlarged retroperitoneal nodes (n) with the aorta (a) displaced
ventrally (floating aorta sign). (b = bladder)

b
fig. 4.7.

Case B: clinically [Ib cervical cancer on the basis of parametrium infiltration on both sides; CT scans
before (a) and 9 (b) and 12 (¢} months after radiotherapy: a. round sharply outlined cervix b, cervix
smaller ¢. large pelvic recurrence {arrows). (b = bladder, ¢ = cervix, r = rectum)

CT scan, however, showed a barrel-shaped cervical mass of 52 mm diameter, but sharply
demarcated and symmetrical with normal parametria and no evidence of metastases,
indicating a CT stage of IB. She was treated with radiotherapy and one year later developed
a central pelvic recurrence, histologically proven, with fistula between sigmoid colon and
vagina, and finally died two months later (fig. 4.7).
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4.5.

4.5.1.

Recurrent cervical cancer
Introduction

The prognosis of recurrent cervical cancer is bad, 85% of patients with untreated recurrence
being dead within a year and 95% within two years (Brunschwig and Daniel, 1957). The
main cause of death is uraemia secondary to ureteric obstruction. Even with treatment,
five year survival is very low (Munnell and Bonney 1961, Calame 1969, Timmer 1982). The
type of treatment is determined by the extent of the recurrence and although surgery is
preferable because many patients had full initial radiotherapy, the majority of patients
already has non-resectable tumours when recurrence is diagnosed (Calame 1969,
Brunschwig 1967). Careful follow-up is therefore essential to detect recurrence as early as
possible,

If the cancer recurs, it usually does so within two years of primary treatment. In a review of
of 2200 cases by Paunier et al. (1967}, two-third of the patients dying of tumour recurrence
was dead within two years of primary treatment. In the studies by Calame (1969) and by
Timmer (1982) respectively 81% of 191 patients and 91% of 80 patients with recurrent
cervical cancer were diagnosed within two years of primary treatment.

The site of recurrence is variable and can be categorized as follows (Calame, 1969, Munnell

and Boney, 1961} :

A. Central pelvic recurrence; disease limited to the cervix and/or vaginal vault.

B. Deep pelvic recurrence; recurrent cancer in the parametrium and uterosacral ligaments
and in the iliac, hypogastric or obturator lymph nodes.

C. Bladder and/or rectal involvement often combined with A or B. '

D. Peripheral pelvic recurrence; recurrent disease in the inguinal lymph nodes, pelvic brim
nodes, pelvic bones or lumbosacral vertebrae.

E. Distant metastases with pelvic recurrence.

F. Distant metastases without pelvic recurrence.

In the material of Paunier et al. (1967), all cases initially treated by radiation only, 47% of

recurrences were restricted to the pelvis, 35% of the patients had pelvic recurrences and

distant metastases and only 18% had distant metastases at the time of death. Calame

(1969) reported that over 50% of recurrences involved areas which were in the field of

operative resection or had received the heaviest dose of radiotherapy, and distant metastases

were found in 18%. Munnell and Bonney (1961) quoted similar figures for 143 stage T and

IT cases. Timmer (1982) reported that 30% of recurrences in cases initially treated with

combined surgery and radiation weve in the ficld of treatment and this was 54% in cases

having radiotherapy alone.

The incidence of lymph node involvement at careful autopsy of patients treated for cervical

cancer is very high and in a report of 15 cases Henriksen (1949) found involvement of

hypogastric and aortic nodes in 60% and 33% of cases respectively and bloodstream

metastases in 53%. In an autopsy review of 202 cases of treated cervical cancer, Henriksen

(1949) found liver metastases, lung metastases and lumbar spine metastases in 16.4%, 14%

and 9.2% respectively. Fisher (1980) found 15 cases of lumbar spine involvement in 339

patients with cervical cancer.



Diagnosis of recurrent cervical cancer

The five year survival of treated recurrent cervical cancer is only 3% and a minority of
patients has a central recurrence only at the time of diagnosis (Munnell and Bonney, 1961,
Calame, 1969). Early diagnosis is vital to any hope of cure, and, in the frequent absence of
symptoms, adequate follow-up by pelvic examination, colposcopy and cytology 1s essential.
If symptoms are present, pain, particularly if radiating to thigh or leg, is the primary
indicator of recurrence (Calame, 1969, Bergsjé and Kolstad, 1963, Nelson et al_, 1972).
Pelvic examination following radiotherapy is very difficult since a palpable mass may be
caused by radiation fibrosis, simulating recurrent disease and errors in the estimation of
the disease extent by physical examination are in the range of 20% (Walsh et al., 1981).
Over a 15 year period, Heyman and Kottmeier observed 80 patients with “tumours™ on the
pelvic wall and in the parametrium after radiotherapy, which they diagnosed clinically as
obvious recurrences but which disappeared without treatment (Brunschwig and Daniel,
1957).

An obstructed ureter on L.V.U. may also be the first sign of recurrent disease because of
the close relationship between ureter, cervix and the most frequently involved lymph node
groups, and many authors recommend a routine 1.V.U. every 6 - 12 months for 2.5 or even
5 years after primary therapy (Shingleton et al., 1969, Munnell and Bonney, 1961).
However, ureteric obstruction is no proof of recurrent cancer since it may also be caused
by operation and radiation. In literature the incidence of ureteric obstruction by radiation
is between 0.26% and 1.4%, by operation between 1.7% and 4% and by a combination of
surgery and radiation between 3.8% and 5.3% (Shingleton et al., 1969, Burns et al., 1960,
Kottmeier, 1964, Welch et al. 1961, Green et al, 1962, Decker and Smith, 1968). The need
for cytological or histological confirmation of cancer is clear. The mere diagnosis of
recurrence gives no indication of its extent (Munnell and Bonney, 1961), and one of the
great advantages of CT may be its ability to demonstrate the gross extent of the disease.

CT in evaluation of recurrent cervical cancer - literature review

Many authors have stressed the advantages of CT in demonstrating the extent of disease,
particularly in patients with pelvic malignancy. Langer et al. (1981) advise a routine CT
examination 6 and 18 months after operation, to ensure early diagnosis of recurrence. The
6 month examination would be necessary for subsequent differentiation of fibrosis from
recurrent discase. Haertel (1980) stresses the importance of CT in the early recognition of
recurrence and the objective evaluation of treatment. Walsh et al. (1981) report the results
of CT in diagnosing recurrent cervical cancer in 36 previously treated patients. In 27 (82%)
CT diagnosis of recurrence was confirmed by biopsy, in 2, the CT diagnosis was parametrial
turnour, but biopsy revealed chronic parametritis in one and radiation necrosis in the
other. In two, the CT scan was negative for abdominal or pelvic tumour but physical
examination and biopsy confirmed tumour in perineal nodules in one and in the vagina in
the other. CT also detected metastases in unsuspected and clinically inaccessible areas in
the pelvis and retroperitoneum. They conclude that CT assessment of the extent of
recurrence together with subsequent percutaneous biopsy provide an alternative to
laparotomy in establishing a tissue diagnosis. The main disadvantage of CT in their study
was its inability to distinguish radiation fibrosis from recurrent tumour and its difficulty in
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4.6

4.6.1.

4.6.2.

diagnosing tumour invasion of bladder and rectum. In a report about the role of CT in the
pre-operative screening of carcinoma of the cervix Kilcheski et al. (1981) conclude that CT
could be used as a screening imaging technique in the evaluation of patients with ¢ither
initial or recurrent cervical cancer for possible surgery. They also had problems in
differentiating radiation fibrosis from recurrent disease and in diagnosing rectal invasion.
They advise CT as the primary examination for evaluation for recurrent cancer.

Study of CT features in treated cervical cancer

Introduction

This study attempts to define CT features of post operative or post radiation pelvic fibrosis
and recurrent disease. CT scans of two patient groups were reviewed independently by two
radiologists with no knowledge of the current clinical findings.

1. Patients with clinical symptoms of recurrent disease.

2. Patients in follow-up for treated cervical cancer, but without clinical symptoms of
recurrence.

CT findings were compared with the definite diagnosis.

Table 4.17
Total number of patients and CT scans related to the indication for scanning (clinically
suspected recurrent disease or routine follow-up).

Retrospective study Prospective study
No. clinical suspected routine clinical suspected  routine
patients recurrent disease  Follow-up recurrent disease  Follow-up
8 9 - - -
4 4 - 1 3
L3 - - 13 -
2 . . 4 -
] - - 1 2
3 - - 3 3
12 - - - 12
5 - - - 10
Tot. 48 13 CT scans - 22 CT scans JOCT scans

Method and material

Sixty-five consecutive CT scans were performed on 48 patients treated for cervical cancer:
13 on 12 patients form the retrospective study and 52 on 40 patients form the prospective
study, 4 patients being in both the retrospective and prospective studies (table 4.17). All

Gl



scans in the retrospective study were made from 1.1."80 - 1.2."81 for "suspected recurrent
disease”. The 52 scans of the prospective study were the result of an agreement with the
gynaecologists of five different hospitals to perform a CT scan as a routine follow-up
procedure 6, 12 and/or 24 months after primary treatment and whenever there was clinical
suspicion of recurrent disease.

Four patients had two scans for suspected recurrent disease, three at an interval of three
months (the first scan being reported as normal) and one at an interval of one year (the
second scan being for a second recurrence after treatment of the first). Six patients had two
scans, one as a routine follow-up and one for suspected recurrent disease (in threc cases
the routine scan was the first). Five patients had two routine scans at least 6 months apart,
and one had three scans, one as routine follow-up, a second for suspected recurrent discase
and a third as routine follow-up. Tables 4-18 and 4-19 correlate the type of previous
treatment and stage of disease with the time after primary diagnosis and the indication for
CT scan. The reasons for suspecting recurrent disease are shown in table 4-20.
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65 CT scans (48 patients) forming the material of paragraph 4.6., divided into : CT scan indication,
type of previous treatment, time after this treatment and prospective and retrospective cases (numbers
between brackets are cases of the retrospective study),
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65 CT scans (48 patients) forming the material of paragraph 4.6, divided into : CT scan indication,
clinical stage, time after initial treatment and prospective and retrospective cases.
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All scans of the prospective study were performed with the technique described in chapter
1. Intravenous contrast medium was used particularly to elucidate possible abnormalities
on the precontrast scan. With the exception of two cases where only a region of interest
was examined, the same technique was used for the retrospective group.

Al CT scans were reviewed in random order by two radiologists with no knowledge of the
current clinical history except the primary diagnosis, and were classified as ~ suspected
recurrence ” or ” normal 7. Any abnormality which could not be confidently regarded as
benign was classified as suspected recurrence. The location of abnormalities was noted. In
the final classification, the opinion of only one radiologist was sufficient to place a scan in
the suspected recurrence category.

Interobserver variability will be discussed later.

Table4.20
Reason for suspecting recurrence, thus indication for CT scan related to the CT interpreta-
tion and the definite diagnosis (brackets indicate retrospective study).

Reason for CTinterpretation
suspecting No.CT
recurrence scans 1o recurrence recurrence
definitive diagnosis definitive diagnosis
recurrence  norecurrence FECUrrence  Norecurrence
Symptom frec
positive cytology 44+ (1) 3+(1) 4 - 1 - 1
palpable pelvicmass 5+ (3) - - - 54 (3) 4 4
discharge/bleeding 2+ (1) 1 - 1 L+ (1) - 2
haematuria 1+(1) - - - 1+ (1) 1 1
backpain/sciatica S54+(3) 3 2 i 24(3) 5 -
ilcus (2) (2) 2 . - -
thrombosis (n - - - (1) 1 -
abnormal IVU ] ] - 1 - - -
fistula/weakness, ete. 44+ (1) 14+ (1) - 2 34+ | 2
Total 2+(13) 9+ (@ 6 7 13+ (9) 13 9

4.6.3. Results

Table 4-21 compares the scan interpretation with the surgical or clinical diagnosis and table
4-22 with the indication for CT. There was disagreement between the two observers about
the presence of recurrent disease in 6 cases (5 patients). These cases are quoted as CT-
recurrence but in 5 the surgical or clinical diagnosis was ™ no recurrence ”.

The surgical or clinical diagnosis ” no recurrence” was always confirmed by a discase free
period of at least 6 months (average 13 months). The methods of confirmation of the CT
diagnosis  recurrent disease " are listed in table 4-23.



Table 4.21

Correlation between CT scan interpretation and definite diagnosisin 65 CT scans of patients
treated for cervical cancer (brackets indicate the retrospective study).

Surgicaliclinical diagnosis
no recur-  recur-

rence rence total
CT diagnosis
no recurrence 2604+(3) 7+ 3B+ (4)
recurrence B3+ 6+(8) 194 (9)
total 9+ 13+ 52+ (13)
Table4.22

Correlation between CT scan interpretation and the indication for
scanning in 65 patients treated for cervical cancer (brackets indicate
the retrospective study).

No. of CT scans made for No. of CT scans made for

suspecied recurrence. routine follow-up.
CTdiagnosis
no recurrence 9+ (4) 24 +(0)
recurrence 13+(9) 6+ (0)

Table 4.23
Method of confirmation of the CT diagnosis "recurrent cervical
cancer” in 17 patients (22 CT scans) with recurrent diseasc.

CT-scans  Pavients.

Surgery (AVRUEL) and diseasc free period of

1+ year 4 2
Colpectomy and disease free period of 1+ year 1 1
Biopsy and follow-up of 9 months 1 1
Biopsy and follow-up {dead within 3 months) 3 2
Follow-up only (dead within 6 months} 12 10
Follow-up and autopsy 1 |
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The 22 CT scans with surgical or clinical diagnosis "recurrent disease” were performed on
17 patients, 5 of whom were scanned twice, 4 at an interval of three months and 1 at an
interval of one year. In the first 4 patients the first scans (3 routine follow-up) were reported
as normal but because recurrence was strongly suspected clinically, the scan was repeated
three months later. Two of these repeated scans were again normal and operation
(AVRUEL) demonstrated a central recurrence only (tumour limited to uterus or vaginal
wall). The two other repeated scans demonstrated clear pelvic recurrence (fig. 4.8). Both
patients died within 6 months. The patient with two scans at an interval of 1 year, had
radiotherapy after the first scan for histologically unconfirmed recurrence, had a second
recurrence one year later and died after 3 months. The second scan demonstrated enlarged
nodes at the same location as in the first scan but now infiltrating the bone (fig. 4.9).

fig. 4.8,

Recurrent cervical cancer 3 (a), 6 (b) and 7 {¢) months after initial treatment {radiotherapy): CT
demonstrates assymetrical soft tissue mass extension on the left (arrows), reaching the pelvic side wall
(b and c), bladder wall thickening {b and ¢) and rectum infiltration (¢). (B = bladder. ¢ = cervix, r =
rectum, U = uterus)

Tuble 4.24
The incidence of CT abnormalities in 14 patients with proven
recurrent cervical cancer.

CTscan abnormalities No. CT scans

in patients with proven recurreni cervical

cancer

central pelvic mass 3
central pelvie mass extending to pelvic wall 6
bladder / rectum invasion 3
pelvic nodes 7
enlarged paraaortic nodes 6
liver metastases 2
renal obstruction 9
skeletal involvement 4
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Of the 8 CT false negatives, 5 scans represent 3 patients with surgically confirmed central
recurrence only, another represents a patient with no clinical extension of a central
recurrence over a 9 month period, and the last 2 were patients who had a clear clinical {and
CT) pelvic recurrence three months later.

In all 14 CT true-positives, abnormal features were clearly visible to both observers,
although there were minor disagreements about locations. Table 4.24 gives the anatomical
distribution of these abnormalities. In 3 scans, the abnormalities were limited to the pelvis,
in 6 to the upper abdomen and in 4 were present in both regions, while in 1 patient only the
mid abdominal region was scanned.

Of the 14 CT false positives, two had a Jarge mass on the external iliac vessels, one solid
with irregular contrast enhancement (fig. 4.10¢.) and the other predominantly cystic with a
thick irregular border (fig. 4.10b.). These scans were made 3 and 6 months respectively
after an AVRUEL procedure and the corresponding clinical diagnoses were an
inflammatory mass and an infected lymphocele. Both masses disappeared (after antibiotic
therapy) and the patients were symptom free 6 * months after the CT scan. A third paticat,
with a large complex pelvic mass, bladder wall thickening and a history of multiple pelvic
operations proved to have an ovarian cyst, an abscess and an inflammatory mass but no
recurrent malignancy. One of the observers interpreted this scan as "probable ovarian
pathology™ but no recurrent cervical disease. In the other eleven scans (9 patients) linear
or irregular strands of soft tissue density, arranged symmetrically or asymmetrically were
visible in the pelvis (fig. 4.11). Three(2 patients) were interpreted as normal by one observer,
and in 4, a hypodense cystic region about 1 - 3 em in diameter was visible in the pouch of
Douglas (fig. 4.12).

Of the 30 scans made as routine follow-up (table 4.22) 3 patients had proven recurrence
within three months, but in only one was this predicted by CT. However 5 scans of this
group demonstrated abnormalities simulating recurrent disease, not present in reality, and
probably representing radiation fibrosis.

Twenty-two scans (22 patients) made for suspected recurrence were interpreted as such,
but 9 (9 patients) were false positives because the abnormalities seen were not caused by
recurrent tumour. The probable causes were radiation fibrosis in 4 cases (fig. 4.11¢.), a
combination of post operative and radiation fibrosis in 2 (fig. 4.11.a,b,d) a lymphocele in
1, an inflammatory mass in 1, and an inflammatory mass with abscess in the last. This Yast
patient died of post operative complications three months later, but all the others were
symptom free 6 months after CT scan.

There was some interobserver interpretative variation. Six scans {5 patients) were classified
by one observer as normal and by the other as tumour recurrence. In 5 (4 patients), the
abnormalities were seen in the pelvis but the clinical diagnosis in all was “no recurrence”.
In one patient a density of 15 mm in diameter was visible behind the vena cava and
interpreted as an enlarged lymph node by one observer and as normal by the other. This
patient had a very extensive tumour recurrence 3 months later and died after 4.5 months.

In one case interpreted by both observers as tumour recurrence”, there was incomplete
agreement about its extent. A soft tissue mass between rectum and cervix, not distinct
from either, was interpreted as recurrence with rectal invasion by one observer and as poor
bowel opacification by the other. Clinical pelvic examination also revealed a mass but a 6
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4.6.4,

months symptom free follow-up makes recurrent tumour unlikely.

Abnormalities unrelated to tumour were found in 14 patients (18 CT scans) and are listed
in table 4-25.

Table 4.25
Abnormalities unrelated to tumour found in 65 follow-up CT scans of 48 patients treated
for cervical cancer.

gallbladder disease 3 CT scans (3 patients) 1 stones
1 calcified bladder
1 bladderwall thickening
liver disease 5 CT scans (4 patients) liver cysts
pancreatic disease 2 CT scans (1 patient) pseudocyst
renal disease 4 CT scans (4 patients}) 1 stone + small kidney
1 small kidney
2 renal cyst
lymph node disease 5 CT scans (4 patients) lymphocele
uterine disease 2CT scans (2 patients) fibroids
Discussion

The problems of diagnosing the presence and extent of recurrent cervical cancer are well
documented in literature (Munnell and Bonney, 1961). Because surgery is the treatment of
choice, many patients are subjected to laparotomy but the majority already hasunresectable
tumours. Curative surgery is only possible when the recurrence is limited to the uterus or
upper vagina {central recurrence) or (rarely) locally spread to the parametria. Radiotherapy
is only possible for recurrences in regions not previously irradiated.

a

fig. 4.9.
Recurrent cervical cancer with enlarged retroperitoneal nodes (n) infiltrating the vertebra (arrows).
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fig. 4.10.

Five types of pelvic sidewall masses in patients with, or treated for cervical cancer: a. sharply demarcated
hypodense mass (1): lymphocele in a symptom free patient. b. hypodense mass (1) with thick irregular
rim: infected lymphocele in a patient with a palpable pelvic mass and fever three months after AVRUEL
operation, treated with antibiotics only. ¢, solid sidewall mass (m) irregularly enhanced after bolus
contrast injection: patient with carcinoma in situ of the cervix and enlarged metastatic lymph nodes
with central necrosis. d. pelvic sidewall mass (m) with contrast enhanced rim: recurreént cancer onc
year after Wertheim-Meigs operation for 1b cervical cancer. e. irregular mass (m) with bladderwall
thickening: inflammatory lesion treated with antibiotics only. . CT guided biopsy of a pelvic sidewall
mass (m}. The needle (arrows} is in the tumour. (b = bladder)
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Table 4-21 indicates a CT accuracy of 66% in detecting recurrent cervical cancer (sensitivity
= (4% , specificity = 67%, F.P.R. = 33%, F.N.R = 36%, appendix I'V}). There was a high
number of false-negatives (8) but 2 were routine follow-ups on symptom free patients, and
at least 6 were patients with a central recurrence only and the severith was a patient with a
clinically doubtful pelvic mass that proved to be a recurrence 3 months later. All these CT
scans were still interpreted as normal in retrospect, but the eighth scan was clearly abnormal
in retrospect (fig. 4.8a4.). A normal CT scan does not therefore exclude a central recurrence,
which is to be expected because many of these patients have very limited disease only
detectable histologically. Consequently a patient with central recurrence and normal pelvic
and abdominal CT scan is a candidate for curative surgery because the disease is most
probably limited to uterus or upper vagina. No more than 2 of the false negative scans were
false-negative for pelvic or abdominal tumour spread.

Fourteen CT scans were false-positive (F.P.R. = 33%), of which 5 were interpreted as
normal by one of the observers. In all but one, the CT abnormalities were located in the
pelvis. In 3, a large pelvic mass proved to be a benign, probably inflammatory, lesion or
infected lymphocele (fig. 4.10b and e). In the other 11 (9 patients) the CT abnormalities
were not histologically proven but may represent radiation changes. All these patients had
full pelvic radiatherapy 4 - 60 months previously and 5 also had one or more pelvic
operations. [n 6 scans (5 patients) irregular solid structures were visible in the pelvis, 4
symmetrical (3 patients) and 2 very asymmetrical. Three of these had had surgery, and 2 of
them, with a history of multiple pelvic operations 4 and 5 years previously had the most
marked abnormalities (fig. 4.11.a-d).

In 4 cases (3 patients) cystic masses were visible in the pelvis, symmetrically located behind
the uterus and in two cases draped around the rectum, but no histological information was
available as to their nature. Laparoscopy was performed in 1 patient for suspected ovarian
pathology (fig. 4.12c¢.), but was normal. All these cases were scanned before and after
bolus contrast and there was excellent bowel opacification so that non contrasted bowel
loops are a very unlikely explanation. All were scanned several times (pre-treatment and at
least twice post treatment) and the cystic abnormality appeared gradually in the post
treatment period, so may represent abnormalities caused by radiation in the field of
maximum dose such as oedema or necrosis. Many authors stress that radiation fibrosis may
simulate recurrent disease and some advise baseline CT after primary treatment to identify
these fibrotic changes (Walsh et al., 1981; Kilcheski et al., 1981; Haertel, 1981; Langer et
al., 1981). Walsh et al. (1981) state that radiation fibrosis abnormalitics are seen only in
the parametrium, while recurrent disease is usually located at multiple sites in the pelvis
and/or retroperitoneum. Conventional radiological signs of radiation fibrosis are well
described in the literature (Libshitz, 1979) but the CT features are not. Doubleday and
Bernardino (1980) describe enlargement of the presacral space to more than 1 cm after
radiotherapy due to an increase of fat and fibrous tissue. They stressed that symmetrical
increase of perirectal strands of soft tissue density may be caused by fibrous tissue and not
by recurrent cancer. The present study confirms this opinion, and shows in 2 patients that
even soft tissue masses may be caused by fibrosis (fig. 4.11).

Recurrent malignancey in the pelvis on the other hand was always asymmetrical and the
majority of patients also had distant masses. The density and mode of contrast enhancement
of the masses gave no definite indication as to their nature. Enlarged metastatic pelvic
lymph nodes may be solid or have a central hypodense region with or without irregular
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fig. 4.11.

Post therapy pelvic fibrosis: a and b: Severe form of pelvie fibrosis (arrows) with hydronephrosis (h)
five year after radiotherapy and surgery for cervical cancer. Note the symmetrical soft tissue densities
in the pelvis. ¢. Pelvic fibrosis after radiotherapy only. Note the soft tissue mass (arrows) on the right
side of the uterus (U) with strands of soft tissue to the sacrum. d. Severe form of fibrosis (arrows) after
radiotherapy and pelvic exenteration for cervical cancer.

b c

fig. 4.12.

Cirw:ml cancer clinical stage ITIA: CT scan before (a) and 6 (b) and 12 (¢) months after radiotherapy,

no clinical signs of recurrence. Note the hypodense mass in the pouch of Douglas (arrows} presumed

to be an ovarian mass. However, laparoscopy demonstrated no abnormalities on the ovaries and there
:as a disease free follow-up of 12 months (U = uterus, B = bladder, R = rectum).
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contrast enhancement (fig. 4.10). A solid mass may also be caused by fibrosis or an
inflammatory lesion, and a cystic mass by an ovarian tumour, abscess or lymphocele. A
lymphocele after partial or complete lymphadenectomy is a frequent easily identifiable
feature, seen as a sharply demarcated cystic mass with thin regular wall located alongside
the vessels. When infected, the appearance is more irregular with solid structures and
indistinguishable from recurrent tumour or recrotic lymph nodes.

All recurrences outside uterus or vaginal wall were correctly identified by both observers.
Although there is no surgical evidence of the extent of disease, CT provides strong evidence
of multifocal spread in 9 of the 14 patients, and the majority had tumour spread outside the
pelvis (table 4-24). In 6 of the 14 cases, all abnormalities would have been missed, had only
the pelvis been scanned. Lymph node enlargement, often combined with ureteric
obstruction and skeletal involvement, was the most frequent CT finding (fig. 4.9). In the
four cases of skeletal involvement, the lumbar spine was always affected, presumably due
to local tumour infiltration from contiguous metastatic lymph nodes rather than
haematogenous tumour spread. It is well known in the literature that retroperitoneal
lymph node metastases can invade adjacent vertebrae, and this is the most frequent type of
skeletal involvement in cervical cancer (Rubin and Prabhasawat, 1961; Fisher et al., 1975,
Fisher, 1980). Conventional radiography and tomography rarely detect the early stages of
this destructive process along a lateral aspect of the lumbar vertebral bodies, but the cross-
sectional image provided by CT is diagnostically superior, provided appropriate window
settings are used for bone and paravertebral soft tissue. Partial volume averaging may
cause false-positive images particularly in severe kypho-scoliosis and spondylosis.

Only one of the three cases of bladder invasion was biopsy proven, but the diagnosis was
clinically very likely in the two other cases, and both died within 8 weeks of CT with a
clinically large pelvic recurrence. The CT features are irregular bladder wall thickening,
with a soft tissue mass in the perivesical region (fig. 4.8). However this phenomenon was
also seen in 3 other cases (2 inflammatory pelvic lesion, fig. 4.10e. and 1 radiation reaction)
and is therefore not specific. Bladder wall thickening (alone or combined with bowel wall
thickening) is often scen shortly after radiotherapy.

Only one of the 30 routine follow-up CT scans (24 patients) correctly demonstrated
recurrence but there were also 5 false-positive scans, presumably caused by radiation
reaction. Langer et al. (1981) and Haertel (1980) both argue for a baseline study to avoid
such problems, but in at least three patients with definite radiation fibrosis, CT scans
before radiotherapy and 6, 12 and 18 months after radiotherapy indicate that pelvic CT
abnormalities change with time, so that a baseline study would be less helpful. This is not
surprising, since although the acute complications of radiotherapy result from damage to
the active proliferative system (epithelium of the skin, mucosa of bladder and bowel), the
late complications result from fibrosis in the non-proliferative tissues which may increase
for many years before eventually stabilizing, and it is therefore questionable if a baseline
stucly would prevent false positive interpretation.

Table 4-20 relates the indication for CT to CT results and clinical or surgical diagnosis and
shows that CT is a very useful diagnostic procedure in excluding recurrent cancer as cause
of symptoms. With the exception of central recurrences in patients with positive cytology
only, all recurrences were demonstrated by CT. There were false-positive findings like
racliation fibrosis or inflammatory lesions, but these were always himited to the pelvis. CT

70




4.7

is therefore a very useful method of diagnosing recurrent cancer spread in the pelvis or
upper abdomen, but CT abnormalities should be proven cytologically or histologically,
especially in the pelvis.

Backpain, particularly when radiating to the thigh or leg, is a very ominous symptom in
patients with treated cervical cancer, being often caused by metastatic disease in the lumbo-
sacral region, but identifying these metastases may be very difficult without CT. Many
patients undergo a lot of investigations (including plain radiography, conventional
tomography, myelography and IVU) for retroperitoneal mass lesions, bone involvement or
a prolapsed intervertebral disc, but often without positive results. This study has not
systematically compared the results of these conventional diagnostic procedures with CT,
but in 9 patients, CT showed uni- or bilateral hydronephrosis that could have been diagnosed
with IVU and/or ultrasound. Of the four cases of skeletal involvement, only one was
visible on plain films.

Because CT accurately demonstrates the whole extent of recurrent cervical cancer, it
should be the examination of first choice in all patients with symptoms suggestive of
recurrence.

Conclusions.

1. CT scanning is not indicated as routine staging procedure in patients with cervical
cancer. It may be helpful in patients with clinical stage 11 B-1V discase to map the bulk
tumour in the pelvis.

2. CT is the first examination of choice in patients with symptoms of cervical cancer
recurrence.

3. CT abnormalities are not specific enough to prove recurrent cancer but need histological
confirmation.
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Chapter V

Endometrial cancer

Introduction

Endometrial cancer is predominantly a disease of the menopausal and postmenopausal age
groups, abnormal uterine bleeding being the most frequent symptom, and all patients so
presenting require pelvic examination and fractional curettage to exclude malignancy
(McGowan 1978). In the early stages of disease, uterine size and configuration may be
normal and a normal pelvic examination does not exclude malignancy. Fractional curettage
and endometrial histology are therefore essential diagnostic procedures. At a later stage of
disease, there is a slow increase in uterine size, which may be difficult to differentiate from
that caused by fibroids on pelvic examination alone. Later still, fixation of the uterus and
induration of the parametria indicate extension beyond the uterus, and the rare occurrence
of ascites would indicate distant metastases. Treatment and prognosis are governed by the
stage of disease at the moment of diagnosis. Most patients are in stage 1 (table 5.1.) at
presentation, implying a small sized lesion with or without myometrial infiltration but
histologically, all degrees of differentiation may be found. The treatment of choice in stage
1 is surgery with or without radiotherapy which yields a 90% 5 year survival rate (Keller et
al. 1974). Six - 15% of patients are in stage 11, on the basis of cervical involvement, and
require more aggressive therapy (radical abdominal hysterectomy and pelvic
lymphadenectomy) with a resultant 5 years survival rate of only 36-55% (Antoniades et al.,
1973, Homesley et al., 1977, Frick et al., 1973). Only 10% present with stage 1L and 3%
with stage IV discase, and have corresponding 5 year survival rates of 25 - 44% and (1 - 3%
(Frick et al., 1973, Antoniades ct al., 1976). Although treatment in such cases is selected
on a more individual basis, the majority of stage 11l cases receives surgery and radiotherapy,
while stage I'V cases receive radiotherapy only.

Table 5.1
F.1.G.O. classification of carcinoma of the corpus uteri. (F.1.G.O., 1971).
Stage [ The carcinoma is confined to the corpus

La The length of the uterine cavity is 8 cm or less.

b The length of the uterine cavity is more than 8 cm.

The stage | cases should be sub-grouped with regard to the
histological type of the adenocarcinoma.

1| The carcinoma has involved the corpus and the cervix.

18 The carcinoma has extended outside the uterus but not
outside the true pelvis.

v The carcinoma has extended outside the true pelvis or has

obviously involved the mucosa of the bladder or rectum.
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5.2.

Spread of endometrial cancer

Endometrial cancer spreads in three ways :
1. Directly.
-~ A, into and through the myometrium to the peritoneum.
-~ B. along the endometrium to involve the cervix or Fallopian tubes.
~ C. by dissemination of malignant cells in the peritoneal cavity.
2. By the lymphatic route.
~ A. from the uterine fundus and cornu through the broad ligament to the aortic lymph
nodes, and along the round ligament to the inguinal lymph nodes.
- B. from the lower segment and cervix to the iliac, hypogastric, obturator and sacral
lymph nodes.
3. By the haematogenous route to distant organs (lung, bone, etc.).

The clinical assessment of direct spread is frequently hindered by obesity and manual
estimation of uterine size is non-specific since enlargement is frequently caused by fibroids
(Javert 1958}. However, in contrast to uterine enlargement caused by fibroids, enlargement
by carcinoma may produce lengthening of the uterine cavity as assessed by a sound
(F.1.G.O., 1971). Metastases beyond the pelvis can rarely be diagnosed by clinical
examination, even when supplemented by colposcopy, hysteroscopy, fractional curettage,
chest X-ray, 1.V.U. and skeletal X-rays, as specified in the F.1.G.O.-staging system.

Table 5.2. lists the true incidence of lymph node metastases in untreated patients with
endometrial cancer as found by several authors at pelvic and para-aortic lymphadenectomy.
The contrast between the low incidence in stage I and the much higher incidence in stage 11
(cervical infiltration) is clearly visible. There are, however, other factors influencing the
incidence of lymph node metastases. Liu and Meigs (1955) found an incidence of 10 in 22
cases with myometrial involvement compared to only [ in 25 cases where the tumour was
limited to the endometrium. Creasman et al. (1976) demonstrated an increased incidence
with uterine enlargement, myometrial invasion and poorer histological differentiation. All
these factors must therefore be considered in the choice of therapy.

Table 5.2
The incidence of metastatic lymph nodes in patients with endometrial cancer as found at pel-
vic and para-aortic lymphadenectomy (several authors).

Author(s) clinical stage

1 Il

pelvic para pelvic para
fymph aortic lymph aortic
nodes lymph nodes lymph
nodes nodes

Liw and Meigs 1955 4/33 - 714

Morrow et al. 1973 39/369 - 31/85

Creasman et al. 1976 16/140 8/100 -

Total 59/542 8/100 38/99
(10.9%) (8%) (38.4%)
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Adnexal metastases may also be missed clinically, as indicated by Gusberg's study (1978)
of 251 patients, in which 25 of the 36 cases of adnexal metastases were only detectable
microscopically. The true incidence of distant metastases at the time of diagnosis is unknown,
but can be presumed to be very low. Yoonessi et al. (1979) found lung metastases in 16%,
liver metastases in 8% and bone metastases in 5% of 105 patients dying of endometrial
cancer. Reddy et al. (1979) found recurrences with distant metastases in 2.8% of patients
treated with surgery or combines surgery and radiotherapy for endometrial carcinoma
stage . D’Orsi et al. (1979) found lung metastases initially or during the discase course in
3.6% of 669 patients with endometrial cancer.

In spite of the fact that most patients with endometrial cancer have stage I diseasc and the
overall incidence of distant metastases is very low, many special radiological investigations
are used in staging the disease, and these must therefore be discussed briefly.

Radiological imaging techniques in staging endometrial
cancer

Although 1.V.U., chest X-ray and skeletal X-rays can be used to stage endometrial cancer
(F.I1.G.O. 1971), the yield of tumour related abnormalities is very low. To our knowledge,
there are no large studies on the incidence of 1.V.U. abnormalities in patients with
endometrial cancer, and although Klempener (1952) and Long and Montgomery {1950)
quote rates of 40% and 32% respectively for hydronephrosis, these figures cannot be
regarded as representative because their serics were small and selected. It is likely that
hydronephrosis is caused less frequently by endometrial than by cervical cancer because of
the high incidence of limited disease in the former. Likewise, chest X-ray is necessary as a
base-line investigation, because, although the incidence of tumour related pulmonary
abnormalities in endometrial cancer is very low, the incidence of pulmonary involvement is
35 - 37% in those cases where the disease is disseminated (D*Orsi et al. 1979). Many
authors have advocated the use of hysterography as an accurate diagnostic method for both
the presence and extent of endometrial cancer (Dufresne et al. 1959, Hilfrich et al, 1969,
Wallace et al, 1974) and some have related size and location of the tumour, as demonstrated
hysterographically, to the prognosis (Johnsson and Norman {979). The technigue, however,
has gained little popularity, and has been almost totally abandoned. Angiography is used in
an attempt to demonstrate tumour extension through myometrium to the pelvic wall and to
differentiate endometrial carcinoma from other malignant and benign tumours of uterus or
adnexa (Lang 1967, Lang 1980}, but the results have been disappointing in general. As in
cervical cancer, lymphography is often used to stage endometrial cancer, which itself may
behave and spread like cervical cancer when the disease is in the lower segment or cervical
regions. Table 5.3. correlates the incidence of lymphographic findings with clinical stage,
and may be compared with table 5.2, Very little is known about the potential role of
computed tomography in the diagnosis and staging of uterine corpus tumours. Heartel’s
(1980} serics included 47 patients with endometrial cancer of whom 37 were scanned as a
primary staging procedure. He concluded, as did Breit and Rohde (1979), that there were
no typical CT features for stage I and It endometrial cancer. Parametrial involvement was
diagnosed by irregular uterine borders with soft tissue mass extensions. A hypodense
region in the uterine corpus and uterine enlargement though not often visible, were
considered to be non-specific signs which could also be caused by fibroids or haematomata.
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5.4.

5.4.1.

5.4.2.

Table 5.3.
Incidence of abnormal lymphangiograms in patients with endometrial cancer related to
clinical stage (several authors).

A uthor(s) clinical stage

1 11 1 v
i‘iadcmizm etal. (1977)  6/48 3725 9125 6/10
Musumeci ctal. (1980)  12/134 828 8/14 4/6
Total 18/182 11/53 17/39 10/16

(10%)  (21%)  (44%)  (63%)

CT abnormalities indicative of lymph node metastases were found in nearly 50% of the
patients. Hamlin et al. (1981) prospectively compared CT findings before and after bolus
contrast injection with macroscopic and microscopic pathological findings in 10 patients
with early stage endometrial cancer. There was non-uniform contrast enhancement of the
tumour in these cases but, being much less than in the adjacent myometrium, this resulted
in a hypodense region on post contrast CT scans. This feature was only visible when the
tumour had involved more than one third of the uterine wall, and in their opinion, CT may
play a useful role in staging and in subsequent treatment planning. In three of these cases,
the hypodense region had a hyperdense centre.

Study of CT features in untreated patients with endometrial
cancer

Introduction

Computed tomography is often used in the diagnosis of disease of the female pelvis, and
the CT features of a normal uterus are described and discussed in chapter HI. The CT
features of a uterus with endometrial cancer are less well known, and the purpose of this
study is to describe such features in unireated patients, and to compare them with surgical
and pathological findings.

Method and material

Twenty-two consecutive patients aged 47 - 83 years (average 64 years, all postmenopausal)
with histologically proven endometrial cancer {19 adenocarcinoma of varying grade of
differentiation and 3 adeno-acanthomas) had a CT scan of pelvis and abdomen as described
in chapter 1. In 14, the pelvis was scanned before and after intravenous bolus contrast
injection, in 6, 15 - 30 minutes after a contrast injection at another level, while in 2, no
intravenous contrast medium was used. All had a physical examination under anaesthesia
and fractional curcttage 2 - 23 days before CT examination (average 10 days). The F.1.G.O.-
stages are listed in table 5.4

Twenty patients had a laparotomy within 27 days of CT scan (average 5.8 days), one being
found to be inoperable and the remainder having total abdominal hysterectomy and bilateral
salpingo-oophorectomy. Another patient had total abdominal hysterectomy and bilateral
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Table 5.4.

Relation between F.1.G.O. stages and surgical and pathological findings concerning the ex-
tent of disease in 22 patients with histologically proven endometrial cancer. (1 patient was not
operated and one patient proved to be inoperable during laparotomy).

FIGO  no. surgical and pathological findings:

stage patients
niyometrium  parametrium lymphnode  ovarian
invasion involvement  metastases  pathology

B30% >50% yes  no yes  no yes  no

IAa 8 5 3 0 8 0 8 2 6

B 7 2 5 0 7 0 7 2 3
H 2 1 1 0 2 0 2 0 2
111 4 0 3 3 1 3 1 2 2
v 1 - - - - - - -
Total 22 8 12 3 18 3 18 6 15

salpingo-cophorectomy 255 days after CT and one patient was not operated on account of
malignant ascites.

All CT scans were reviewed with particular reference to uterine size, shape, and density
before and after contrast injection, ovarian size, and parametrial soft tissue masses. Ovarics
of more than three cm in diameter or containing cystic abnormalities were recorded as
possible metastases, and irregular soft tissue mass extension from the uterus as parametrial
involvement. Soft tissue masses of more than 1.5 cm in diameter in the region of the pelvic
neurovascular bundle were recorded as entarged lymph nodes. Non cystic focal liver
lesions, suprarenal masses, peritoncal and omental soft tissue masses and skeletal lesions
were recorded as possible metastases. All pathological reports were reviewed with particular
reference to the location and size of the tumour, the extent of myometrial infiltration and
the presence or absence of ovarian abnormalities. Surgical, pathological and CT findings
were compared, and in 6 cases, the dimensions of the fresh operation specimens were
compared with CT measurements.

Results

Surgical and pathological findings are listed in table 5.4. and CT findings in table 5.5. In 13
patients the uterus in CT cross-scction was lobulated, in three cireular and in 6 oval and the
average left-right diameter of the corpus was 6.1 cm (2.5-12 cm) while that of the cervix
was 4.9 cm (3.6-7.7). The dimensions of fresh operation specimens in 6 cases are compared
with CT measurements in table 5.6,

In 17 cases (77%} a central lucency was visible in the corpus, both before and after bolus
contrast injection in three cases, and only after contrast injection in 9 cases. Of the remaining
5, three had no pre contrast scan and two had no post contrast scan to enable comparisons
to be made. Table 5.5. expresses the lucency diameter as a ratio of the uterine diameter (L/1)
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Table 5.6.
Comparison between the dimensions of corpus and cervix uteri in CT and the fresh surgical
specimens, in 6 patients with endometrial cancer.

Paiient Maximal corpus Maximal cervix
R-L diameter R-L diameter

CcTr surgery difference CT surgery difference
L 56.1mm SSmm +20% 64dmm  26mm + 146%
2 64.7 60 + 8% 62.9 40 +72%
3 55.0 60 - 8% 49.0
4 64.7 60 + 8% 50.0 45 + 11%
5 57.0 55 + 4% 50.0 27 +85%
6 60.0 50 + 20% 51.0 35 + 46%

and it can been seen that these lucencies were sometimes very large (fig. 5.1d). In the

12 cases with a pre and post contrast scan, slight contrast enhancement of the corpus centre
could be demonstrated (from 32 - 81 Hounsfield Units pre contrast to 42 - 123 Hounsfield
Units post contrast, the contrast enhancement being 7 - 82%, average 44%), but rhc
enhancement of the rim was always much more intense.

In 8 patients, myometrial invasion was absent or less than 50% in extent, A central Jucency
was clearly visible on CT in all but three of these patients. In ten of the twelve cases with
more than 50% myometrial invasion a large central lucency was visible, one of the exceptions
being a case operated 255 days after CT scanning (patient delay). Of the 3 cases with
invasion of the cervix, in one the large corpus lucency was also visible in cervical cuts, but
of the other two, one had a completely normal CT scan and the other a small lucency
visible in the uterine corpus.

The results of CT scanning in relation to parametrial involvement, lymph node pathology
and ovarian pathology arc listed in table 5.5. It should be noted that pelvic lymphadenectomy
was performed only for lymph node enlargement and not routinely.

Of the three cases of CT indicated lymph node enlargement, two were true-positives for
metastatic disecase and one was a false-positive being an enlarged node which was
histologically normal. There was also one false-negative, being an enlarged pelvic node,
palpably abnormal at operation and containing histologically proven metastatic deposits.
CT indicated parametrial involvement in three cases, one being a false positive which
proved histologically to be a fibroid causing local soft tissue mass extension. There was one
false negative case in which there was local tumour extension at the fundus of the uterus.
Of the 7 abnormal ovaries (18 - 50 mm diameter) (6 patients) on CT, six contained small
cystic lesions, and the seventh was only slightly enlarged (31 mm). All proved to be
histologically abnormal, but only 4 were malignant, two containing a simple cyst and onc a
cystadenofibroma. In one patient with a malignant ovary correctly identified as pathological
on CT, the contralateral ovary was not seen on CT, but proven histologically to be malignant.
Two further patients had a malignant ovary not seen on CT. Six (28%) of the 21 patients
who were operated had at least one malignant ovary. The one patient with stage 1V disease
clinically had endometrial cancer and malignant ascites, and CT revealed omental masses
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and a renal mass lesion, and confirmed ascites. The patient was not operated and died 3
months later.

Punctate uterine calcification was seen in CT in 7 cases, six of whom had histologically
proven fibroids, varying in size from 2 - 12 ¢m in diameter, The only additional CT evidence
of fibroids was uterine enlargement in some cases. In 4 patients with no CT evidence of
fibroids at original or retrospective assessment, fibroids varying between 0.75 and 2.5 cm in
diameter were nevertheless found histologically.

Discussion

Prognosis and therapy of endometrial cancer is determined by its spread within and beyond
the uterus. The size of the uterus estimated by palpation is an unreliable prognostic sign
because it is determined by many other factors such as fibroids, but the size of the uterine
cavity as measured by sounding is part of F.1.G.O. classification. Ultrasound is insufficiently
accurate in differentiating malignant from benign causes of uterine enlargement. Requard
et al. (1981) found no diagnostic ultrasound criteria for endometrial cancer, but there were
statistically significant differences in uterine shape and echo pattern between stage 1 - 11
disease and 11 - ['V discase. Left-right diameter maesurement of the uterine corpus on CT
compare well with surgical specimen maesurements (table 5.6.) but uterine length cannot
be accurately measured on CT using only cross-sectional images (Chen et al. 1980). This
study demonstrates statistically significant differences between left-right diameter
measurements of the uterine corpus in 22 patients with endometrial cancer and those of the
postmenopausal control group from chapter I (0.001 < P < 0.01, Student t test). Uterine
calcifications suggestive of fibroids were visible in 4 of the 21 controls and 7 of the 22
endometrial cancer patients. In the patient group, however, fibroids were found
histologically in 4 more patients, being completely missed on CT in three cases, the fourth
case being a non-calcified fibroid clearly visible retrospectively on CT as a hyperdense
intramural lesion deforming the uterine contour on a post contrast scan. Tada et al. (1981)
described the CT features of uterine myomala, based on operative correlation in 83 cases,
as follows : a. lobulations and/or protrusions of the outer contours of the uterus. b. soft
tissue mass within the uterine cavity, which may be distorted or obliterated. ¢. calcification
d. irregular low density areas within the soft tissuc mass. Even using these criteria, the
fibroids in the three cases in our patient group would still have been missed, probably
because their diameters were only 1.5, 2 and 2.5 cm respectively.

Hamlin ¢t al. (1981) related a central lucency in the uterine corpus on post contrast CT
scan to the depth of myometrial invasion, and, although this phenomenon was seen in 17
(77%) of the 22 patients of the present study, a central region of contrast enhancement in
the lucent area, as also described by Hamlin et al. (1981) was never seen. The lucent area
was frequently only visible on post contrast CT scans (fig. 5.1 and 5.2), and often
inhomogeneous with some degree of contrast enhancement, indicating that the centre was
not always entirely avascular. Many endometrial tumours are polypoid and exophytic,
occupying much of the uterine cavity (Demopoulos, 1977) as found in cases of our material,
while in other cases the uterine cavity contained only a small tumour and much necrotic
tissue and blood clot, and CT differentiation of tumour from necrotic tissue was not possible.
In one case of pyometra (not included in this study) a large central lucent arca was visible
in post contrast CT although pre contrast scan was normal and histopathological examination
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fig. 5.1.

Two cases of adenocarcinoma of the endometrium. a and b. normal CT scan before and after i.v.
contrast; histology revealed a small carcinoma with less than 50% myometrial invasion. ¢ and d. scans
before and after i.v. contrast showing an uterus with calcification and a large lucency (L/D = 0.63) in
the post contrast scan, an enlarged external iliac lymph node (n) on the left and a soft tissue mass on
the right side against the uterus presumably the right ovary (arrows). Laparotomy demonstated
moperability due to parametrium involvement, positive pelvic lymph nodes, ascites and omental
metastases (U = uterus, B = bladder).

revealed pyometra with no malignancy. Nevertheless, pyometra is nearly always associated
with uterine malignancy, but a central lucency should not be regarded as specific for
endometrial cancer, because it was also present in 4 of the 22 cases in the postmenopausal
control group. The true incidence of a hypodense zone in the uterine corpus in the control
group is likely to be even higher, because only 10 of the 22 cases were scanned post contrast.
However the left-right diameter of the lucent zone was much larger in the cancer group (18
- 60 mm, average 34.6 mm) than in the control group (10 - 16 mm, average 13.3 mm), and
there was a similar difference between the two groups when the lucency diameter is
expressed as a ratio of the uterine diameter as a whole (L/D, table 5.5). The difference is
statistically significant ( P < 0.001 Student t test).

Although, in general, the presence of a lucency in the uterine corpus, particularly on post
contrast scans, does not in itself indicate pathology, if the diameter of the lucency is greater
than 35% of the left-right uterine diameter, a gynaecological examination is indicated 1o
exclude malignancy.

In the assessment of parametrial involvement, the false-positive and false-negative cases
were caused respectively by a misinterpreted fibroid and a missed fundal mass. Both these
problems are common and almost unavoidable. The high number of true-negatives mercly
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fig. 5.2.

Two cases of adenocarcinoma of the endometrium. CT scan before (a) and after b i.v. contrast. CT
demonstrates a large calcified pelvic mass ventral in the uterus, a large lucency (L/D = 0.76) dorsal in
the uterus only visible on the post contrast scan and a soft tissue mass extension on the left (arrows)
reaching the pelvic wall. Laparotomy revealed a large calcified fibroid, endometrial cancer with
tumour invasion in the myemetrium of more than 50% of its wall thickness and paramwetrial involvement
on the left.

CT scans before () and after {d) i.v. contrast. The scan after contrast reveals a large central lucency
(L/D = 0,74) in the corpus and a small lucency in the right ovary (arrow), not visible on the pre
contrast scan. Pathologic examination demonstrated myometrial invasion of more than 50%, tumour
locations in the right ovary, metastatic lymph nodes (not seen in CT) and endocervical invasion (B =
bladder).

reflects the high incidence of carly stage cancers. Bolus contrast injection does not, in
general, improve differentiation between fibroid and parametrial infiltration, because both
may have similar enhancement characteristics. Furthermore, as discussed in chapter 1 the
adnexa may appear singly or together in the same plane as the uterine fundus and continuous
with it and they are therefore then indistinguishable from local tumor spread.

Ovarian pathology is frequently diagnosed on CT by the criteria of size and density.
Histologically 28% of the patients had cancer in the ovaries which is a much higher incidence
than mentioned by Gusberg (1978). Only 14% of the ovaries in the postmenopausal control
group were visible and all were solid. In the 22 patients in the cancer group, 10 ovaries
(23%) were identified, 4 solid and 6 cystic. All cystic lesions were histologically proven, 3
being malignant, emphasizing the seriousness of such a finding in postmenopausal patients
with endometrial cancer.
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CT in recurrent endometrial malignancy
Introduction

The purpose of this study is to describe CT abnormalities in patients with recurrent
endometrial malignancy and to compare these with surgical and/or clinical findings.

Method and material

Fourteen patients, previously treated for uterine corpus malignancy (13 endometrial
cancer and one leiomyosarcoma) were suspected clinically of having recurrent disease, and
therefore scanned between one and 180 months after original treatment. Four patients
complained of back pain, one had urinary incontinence, one had recurrent urinary infection
with a distally obstructed ureter on I.V.U., one had severe gastrointestinal symptoms with
sigmoid narrowing on barium enema, two had ascites, one had a deep venous thrombosis,
two were found to have pulmonary masses on routine chest X-ray for unrelated reasons,
one had abnormal liver function tests on routine follow-up and in one patient the reasons
for scanning were unknown. All CT scans were reviewed using the criteria in chapter I'V
and the results were compared with the findings of autopsy (4 patients), laparoscopy (1
patient) and further follow-up (9 patienis), the 6 cases without recurrence being disease
free after 6 months.

Table 5.7.
Comparison between CT and definite diagnosis in 14 patients with clinically suspected recur-
rent disease.

Surgicall/clinical diagnosis
no recurrence  recurrence

CT diagnosis
No recurrence 4 0

td
o

Recurrence

Table 5.8.
The incidence of CT abnormalities in 8 patients
(8 CT scans) with proven recurrent endometrial cancer.

ascites 2 patients
peritoneal/mesenteric metastases 3 patients
liver capsule metastases 2 patients
liver metastases 4 patients
lymph node enlargement 1 patient
pelvic mass lesion 1 patient
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5.5.3.

Results

Table 5.7. compares the CT diagnosis with the clinical/surgical diagnosis in these 14 patients,
and table 5.8 records the anatomical distribution of CT features.

Only 2 scans were completely normal. One scan demonstrated galistones only and another
scan confirmed ureteric obstruction already demonstrated by 1.V. 1., but no tamour. The
remaining 10 scans suggested recurrent tumour, but two of these were false-positives when
compared to chinical/laparoscopic findings. One was probably caused by poor bowel
opacification because two presumed pelvic mass lesions were not confirmed
laparoscopically, and the patients had a discase free period of over 18 months. The other
was scanned for a palpable pelvic mass, which was not confirmed on CT, but a pulmonary
mass lesion was demonstrated in a lung base. The patient was, nevertheless, symptom free
12 months later. Tn the remaining § patients, CT correctly demonstrated recurrent disease
and all patients were dead within 6 months, in spite of chemotherapy in some cases.

Discussion

Table 5.7. indicates that in patients with suspected recurrent endometrial
malignancy, CT is a reliable diagnostic method to confirm or exclude recurrence.
The only false-positive abdominal scan was caused by poor bowel opacification.
The anatomical distribution of recurrences given in table 5.8. indicates that CT
scanning for recurrent disease should include the whole pelvis and upper
abdomen.

Conclusions

1. A lucency in the uterine corpus with a diameter of 35% or more of the uterine diameter,
as seen in CT, should be regarded as an indication of uterine pathology and requests
further gynaccological examination to exclude malignancy.

2. CTis a reliable diagnostic methed to confirm or exclude endometrial cancer recurrence.
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6.1

Chapter VI

Gestational trophoblastic disease

Introduction

Gestational trophoblastic disease (GTD) is a term describing the whole spectrum of
tumours arising from the trophablast of human pregnancy, varying from benign
hydatiform mole to invasive mole and malignant choriocarcinoma. Although these
tumours are relatively rare, they are of particular interest because they can be cured by
chemotherapy in the majority of cases in spite of wide spread of discase at the moment of
diagnosis and because of the fact that its diagnosis rests more upon a laboratory test - beta
human chorionic gonadotrophin (beta HCG) - than upon histopathological examination of
tumour tissue.

Because of the spectrum of GTD, from benign to malignant, an accurate classification is
important for prognosis and therapy, but since histological interpretation may be both
difficult and confusion a clinical rather than a pathological classification is used (Goldstein
1982). This classification is based on clinical symptoms, careful monitoring of beta HCG
levels and presence or absence of metastases, and divides patients with GTD into two
groups : 1. patients with non-metastatic disease (no evidence of tumour spread outside the
uterus) and 2. patients with metastatic disease : any spread beyond the uterus. The patients
with metastatic disease are again divided into two groups of different prognosis dependent
on the location of the metastases, the HCG production and the duration of the disease
prior to chemotherapy. In the presence of brain or liver metastases the progriosis is worse
than when the metastases are lecated only in the pelvis or lungs (Hammond et al. 1978).
For this reason an accurate pre-treatment metastatic work-up is essential in all patients
with presumptive evidence of persistent GTD cither invasive mole or choriocarcinoma,
This metastatic work-up should include imaging procedures of brain, liver, lung and pelvis,
Although for liver imaging radionuclide scans are often used, angiography should be the
method of choice because metastatic choriocarcinoma is generally extremely vascular
{Goldstein 1982). Pulmonary metastases can best be diagnosed with a chest x-ray and
conventional lung tomograms and pelvic spread outside the uterus can be demonstrated
with angiography and ultrasound (Levin et al. 1975). Angiography, however, is not only
vsed as a method for visualizing the position and extent of trophoblastic tumours but also
for differentiating benign hydatiform mole from malignant choriocarcinoma (Borell et al.
1966), and for monitoring treatment response (Brewis and Bagshawe 1968). In order 1o
study the CT features of GTD and to establish the value of CT in visualizing the whole
extent of the disease process, CT scans of one patient with a hydatiform mole and 4
patients with persistent GTD are reviewed and compared with the results of ultrasound
and angiography if available. Moreover tumour volume measurements with CT and
ultrasound are compared with the beta-HCG levels.
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6.2.

6.3.

Method and material

Eleven CT scans of five patients with gestational trophoblastic disease are reviewed and
the CT features described.

One patient had a benign hydatiform mole and the results of CT and ultrasound were
compared. Three patients had non-metastatic persistent GTD and the results of CT,
ultrasound and angiography before, during or after chemotherapy were compared. The
fifth patient had metastatic GTD (choriocarcinoma) because of lung metastases and had
several CT scans during chemotherapy.

In 4 patients with persistent GTD, the tumour volume before, during or after chemotherapy
was measured with CT and ultrasound, and the results were compared with the decreasing
beta HCG levels.

Results

Fig. 6.1. shows the ultrasound and CT scans (before and after i.v. contrast) of the hydatiform
mole. The hydatiform tissue is easily recognizable by its vesicular texture both with
ultrasound and CT. These two examinations show the amnion sac with parts of the fetus,
but with CT the uterine outline is more clearly demarcated and the surrounding structures
are all visualized. After bolus contrast injection there is intense enhancement of the
myometrium and of the mole.

In the 4 patients with persistent GTD all pre contrast CT scans demonstrated a large
homogeneous uterus in which no separate structures could be identified (fig. 6.2, 6.3).
After i.v. bolus contrast injections, however, irregular lucencies became visible inside the
uterus in which central or peripheral regions or dots of higher density. These lucencies
were round or finger-shaped, irregularly bordered and sometimes very close to the outside
of the normal contrasted myometrium, suggesting deep myometrial invasion (fig. 6.4d).

c

fig. 6.1,

Hydatiform mole with fetus visualized with ultrasound (a) and pre- (b} and post (¢} contrast CT scan,
Note the vesicular texture in both imaging modalities and the homogeneous contrast uptake of the
myometrium in CT. (B = bladder)
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Persistent GTD: patient had a curettage for molar pregnancy but after four weeks an increase of betn
HOG values occured. She was treated with chemotherapy. The pre treatment ultrasound {a)
exurpination shows a chuster of high amplitude echoes and two echo-free areas Larrows) within the
myometrium. The pre treatment angiogram (b and ) shows the enlarged uterine vessels, arteriovenous
shunting and contrast lakes {arrows). The CT scan was made two days later {4, e, ). The plain scan
{4} shows a normal uterus, possibly with soft tissue mass extension on the right, but no detail inside
the wierus, CT scans afier bolus comtrast injections (o, T} show a very contrasted myometrium with
finger-shaped hypodense arcas amd conirast fakes {arrows}. Moreover many vessels are seen on both
sides of the uterus. {g) and {h) correlate the decrease of beta HOG with the tumour vodume as measured
by CT and ultrasound. The post-treatment C7T scan and ultrasound examination where normal whereas
the angiogram showed arteriovenous shunting withowt contrast pooling.
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fig. 6.3

Persistent GTD: patient had a prostaglandin induction for molar pregnancy; blood loss recurred in
spife of a second curettage which yielded only decidual tissue. Beta HCG values increased. The pre-
treatment ultrasound examination (a) shows an irregular high amplitudo echo pattern. The
pretreatment angiogram (b and ¢) shows contrast lakes (arrows) and arteriovenouws shunting. The pre-
treatment plain CT scan (d) demonstrates and large uterus and was normal but the post bolus contrast
CT scans demonstrate hypodense areas with contrast lakes (arrows) inside the uterus. CT scans (g and
h) four weeks later, when ultrasound and angiogram was normal, again demonstrate hypodense areas
but no contrast lakes. (i) and (j) correlate the decrease of beta HCG with the tumour volume as
measured by CT and uvltrasound.
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fig. 6.3.

The 3 cases with non-metastatic GTD all had a sharply outlined uterus, normal ovaries
except small cystic structures in one, and no CT evidence of tumour spread to spleen Jiver,
brain or pelvis. The CT abnormalities outside the uterus were dilated and highly contrasted
vessels in the pelvis especially on the side of the tumour (fig. 6.2). Pre-treatment pelvic
angiograms and ultrasound examinations were compared with CT and in all three cases,
with good correlation for both size and location of the tumour. Arteriovenous shunting was
much more clearly seen on angiogram while vascular lakes were more clearly visualized
with contrast CT. Tumour location within the uterus was better demonstrated by CT than
by angiography or ultrasound.

The only case with metastatic GTD (lung metastases) also had CT evidenee of tumour
spread outside the uterus to pelvis and vagina while the myometrium scemed locally very
deeply tumour invaded because only a small rim of contrasted myometrium remained (fig.
6.4). There was no CT evidence of liver or brain metastases. No angiogram was performed,
but ultrasound examination showed an enlarged utcrus with a very irregular speckled
pattern, but no spread outside the uterus.

The 4 cases with persistent GTD had ultrasound examinations before and during
chemotherapy and tumour volume was calculated from measurements of maximal diameter
of all detectable lesions. When the ultrasound examination was normal the CT examination
was repeated, and computor calculation of tumour volume was made by outlining the
hypodense regions in each CT cut with a light-pen. Tumour volumes as measured by
uitrasound and CT, were compared with the beta-HCG level. Decrease in tumour volume
was always accompanied by a decrease in beta-HCG levels (Fig. 6.2 and 6.3). When the
uterus returned to normal on ultrasound, beta HCG was still slightly elevated and the post
contrast CT scan showed a large hypodense cenire in three patients and was normal in onc.
One patient with normal ultrasound and abnormal CT had a radical hystercctomy, and no
active tumour could be demonstrated pathologically but the uterus was filled with necrotic
tissue, undetected ultrasonographically (Fig. 6.4).
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Metastatic persistent GTD: A high risk case of choriocarcinoma which was referred to the gynaecology

department from abroad. The exact initial treatment was unknown. (a) and (b) are respectively the

pre-treatment pelvic ultrasound examination and chest X-ray and (¢} and (d) the pre-treatment pelvic
CT scans (after i.v. contrast injection). The hypodense mass in the vagina surrounded by a constrated
rim is clearly visible (¢, arrow) as is the large irregular lucency in the uterus (d) with extensive myometrial
infiltration (arrows). (e), (f) and (g) are CT scans made respectively 4, 10 and 17 weeks later,
demonstrating the largest lucency diameter. At the time of CT scan g, the ultrasound examination was

normal and hysterectomy nine days later revealed only necrotic tissue central in the uterus and in the
paracolpium but no viable tumour cells (h). (i) and (j) correlate the decrease of beta HCG with the

tumour volume as measured by CT and ultrasound.

Discussion

About 15% of patients with a hydatiform mole go on to develop invasive mole. The degree
of myometrial invasion ranging from a microscopic level to large single or multiple

haemorrhagic lesions (Goldstein 1982). Fifty percent of cases of choriocarcinoma develop

after passing a hydatiform mole, 25% after a normal pregnancy and 25% after a spontancous

or induced abortion (Levin et al. 1975), The level of beta HCG in the serum is directly
related to the number of viable tumour cells and is therefore an excellent tumour marker
that can be used for diagnosis and treatment, although it gives no information about the
location of the tumour (in or outside uterus). For this reason many imaging procedures

have been used with varying success.

Although there is no pathological proof, CT scans in these 4 cases of persistent GTD

suggest that local myometrial invasion can clearly be demonstrated, provided the scans are
made after (bolus) contrast injection. Plain CT scans show a normal uterus or non-specific

enlargement and the use of i.v. contrast medium is essential to demonstrate any detail

inside the uterus. In the benign hydatiform mole the contrasted myometrium was

homogeneous and sharply outlined, whereas in invasive GTD irregular hypodense areas

could be demonstrated, sometimes bordered by only a very small rim of normally contrasted
myometrium. However this does not mean that all hypodense areas in the uterus represent
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viable tumour because, in one case (fig. 6.4), pathological examination of the hysterectomy
specimen revealed only necrotic tissue. Comparison between pre and post treatment post
contrast CT scans demonstrated differences which presumably result from the presence
and absence of viable tumour. Pooling of contrast medium {contrast lakes) in or around
the hypodense areas was visible in all four pre treatment CT scans but not in the post
treatment scans. In 3 of the 4 cases the post treatment post bolus contrast CT scans
demonstrated only one or more sharply demarcated hypodense areas but no contrast
pooling and in the fourth case the CT scan was entirely normal. This indicates the need for
bolus contrast CT scans, the abnormalities seen being comparable with the angiographic
features as described by Borell et al. (1966). Arteriovenous shunting (filling of veins in the
arterial phase in an arteriogram) can be better judged with angiography because of its AP
view and because many sequential films can be made in the arterial phase (only one in
CT). However if CT demonstrates very prominent veins on one side, arteriovenous shunting
can be suspected. In angiography these prominent vessels may obscure the small irregular
contrast collections or "contrast Jakes” which are a typical tumour sign. The abnormal
circulation decreases but may remain for some time after successful chemotherapy response
and the presence of contrast lakes is essential for the diagnosis residual tumour (Brewis
and Bagshawe, 1968). CT is without superposition, and because of its cross-sectional
display these irregular contrast collections are easily seen and located in or outside the
uterus. Bolus contrast scans are therefore essential.

Two out of 3 post treatment angiograms and ultrasound examinations were normal, but
corresponding CT revealed some hypodense regions. The third post treatment angiogram
demonstrated arteriovenous shunting but no contrast lakes, the ultrasound and CT
examination being normal. The patient with metastatic GTD had no angiograms but post
treatment ultrasonography was normal, while CT showed a large central hypodense area
and operation revealed only necrotic tissue.

Decreasing tumour volume as measured by CT corresponds with decreasing beta HCG
scrum fevels in all 4 patients, but absolute volume is over estimated because it also includes
the necrotic tissue. The one patient with metastatic disease demonstrates clearly that
metastatic lesions can also be visualized with CT, L. contrast is essential, however, since
these vaginal and pelvic metastases were invisible on plain scan.

Conclusion.

A justifiable conclusion from these 5 patients is that CT is a valuable technique for demon-

strating the spread of GTD in and outside the uterus, provided the scans are made after

bolus contrast injections.
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7.1

Chapter VII

Ovarian cancer

Introduction

Owarian cancer comprises only 25% of all female genital tract malignancies, but has a
mortality rate that exceeds the combined rate for cervical and endometrial carcinoma. In
the Netherlands the annual incidence of ovarian cancer is approximately 1000 as compared
with an annual mortality of 870 (C.B.S. 1979).

The overall prognosis is poor, but depends on the extent of the discase at the time of
diagnosis, the histological type and grade of tumour and the thoroughness of surgical
removal of all tumour tissue (McGowan 1978). Symptoms are vague, non-specific or even
absent in the early stages and physical findings are also minimal, so that the disease is
usually extensive at the time of diagnosis. Parker et al. (1970) state that 59% of cases of
ovarian cancer will have an initial finding of an abdominal or pelvic mass, 22% a diagnosis
of an adnexal mass and 14% an initially wrong diagnosis of fibroids or other pelvic pathology.
The differential diagnosis of a pelvic mass is very extensive, and pre-operative diagnosis of
ovarian cancer is generally impossible. Cytology of ascitic fluid can be very helpful in
confirming malignancy, but frequently gives no indication as to the site of the primary or
the extent of the disease. Although X-ray, ultrasound and laparoscopy examinations are
widely used, laparotomy remains essential for accurate diagnosis and staging of the disease.
A further discussion of the potentials and limitations of imaging techniques follows a
review of the spread of ovarian cancer.

The spread of ovarian cancer

Owvarian cancer spreads in three ways (Bergman, 1966, Feldman and Knapp, 1974, Julian
et al., 1974, Parker et al., 1974,).
1. Directly both by invasion of neighbouring organs and by peritoneal dissemination and
implantation into more distant serosal surfaces.
2. Through the lymphatic system.
a. To the pelvic and para-aortic retroperitoneal nodes and to the mesenteric nodes.
b. By diaphragmatic lymphatics from serosal seedlings to retrosternal and mediastinal
nodes.
3. By the hacmatogeneous route to liver, brain, bone and other distant organs.
The most common type of spread is by peritoneal dissemination, 87% of the paticnts with
ovarian carcinoma being found at autopsy to have peritoneal deposits (Bergman, 1966).
Rosenoff et al. (1975) studied the spread of ovarian cancer laparoscopically and found
diaphragmatic seedlings in 30 of 49 cases overall, and in 7 of the 16 cases previously staged
surgically as I or If. The right hemidiaphragm was involved in all but two of the 30 cases,
whereas simultaneous involvement of the left hemidiaphragm occurred in only half of
these cases. This finding may be explained by the studies of Meyers (1973) who demonstrated
a continuous intraperitoneal fluid circulation by injecting radio-opaque contrast
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intraperitoneally and by following it fluoroscopically and radiographically. He found that
the transverse mesocolon, small bowel mesentery, sigmoid mesocolon and peritoneal
attachments of the ascending and descending colon served as watersheds and gravity
caused pooling of peritoneal fluid in the most dependent peritoneal recesses. This correlated
with the sites of predilection for intraperitoneal malignant seeding, which are -

The pouch of Douglas at the recto sigmoid level.

The right lower quadrant at the lower end of the small bowel mesentery.

The left lower quadrant along the superior border of the sigmoid mesocolon.

The right paracolic gutter lateral to the coecum and the ascending colon.

The left paracolic gutter is blocked by the phrenicocolic ligament, which may explain the
larger number of deposits on the right, than on the left hemidiaphragms. Melaka and Rafla
{1975) also confirm the carly spread in the paracolic gutters, particularly on the right.
Blockage of the diaphragmatic lymphatics by diaphragmatic deposits may be a primary
cause of the ascites so frequently seen in cases of ovarian cancer. (Feldman and Knapp,
1974).

Both direct and lymphatic spread occur early in the discase. Piver et al. (1978} studied the
incidence of unsuspected metastases to the diaphragm, retroperitoneal lymph nodes, and

B

omentum, as well as malignant cytologic peritoneal washings in women with presumed
stage Tor I ovarian cancer, and collated their results with those from similar series by
other authors. The collated results are summarized in table 7.1. In autopsy studies of
Julian et al. (1974) and Bergman (1966), lymph nodes were involved in 75% - 80% of cases
indicating the high incidence of lymphatic involvement in the late stages of the disease.

Table 7.1
The incidence of unsuspected diaphragmatic, aortic lymph node and omental metastases and malignant
cytologic washing in stage T and 1T ovarian cancer (several authors).

Locarion No, of  Incidence Authors

patients
Diaphragmatic metastases by 157%  Roscnoffetal, (1975)

Spinellietal. (1976)
Delgado etal. (1977)
Piveretal. (1978)

Aorticlymph nodes metastases 68 10.3%  Knapp and Friedman (1974)
Musumeci et al. (1977)
Delgado et al. (1977)
Piveretal. (1978)

Omental metastases 36 2.7% Knapp and Fricdman (1974)
Delgadoctal. (1977)
Piveretal. (1978)

Positive cytolopy 87 29.8%  Mortonetal. (1961)
Creasman and Rutledge (1972)
Keetieletal. (1974)
Piveretal. (1978).
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The mesenteric nodes being as frequently involved as the para-aortic nodes {Julian et al.
1974}. The haematogeneous route is a less common mode of extension but does occur, as
demonstrated by isolated parenchymal organ metastases and bone marrow infiltration with
tumour. However the involvement of intra-abdominal viscera (liver, spleen) is usually the
result of visceral peritoneal spread with direct extension through the capsule into the
contiguous parenchyma rather than individual metastases directly to the parenchyma of
these organs and even pulmonary metastases are frequently caused by visceral pleural
involvement with contiguous infiltration (Julian et al. 1974).

F.1.G.O. classification of ovarian cancer

The therapy and prognosis of ovarian cancer patients is to a great extent dependent on the
penetration of the ovarian capsule by the tumour and on the spread through the peritoneal
savity. Using clinical examination only it may be impossible to make practical stage-
groupings and for this reason the F.L.G.O. recommended that the clinical staging of ovarian
cancer should be based on findings at laparatomy as well as on clinical examination
(F.1.G.0O. 1971). The stage grouping for primary carcinoma of the ovary as accepted by the
General Assembly of the F.1.G.O. in New York in 1970 is shown in table 7.2.

Table 7.2

Stage-grouping for primary carcinoma of the ovary (F.1.G.O. 1971}.

Stage 1 Growth limited to the ovaries.
Ta Growth limited to one ovary without ascites,
Ih Growth limited to both ovaries without ascites.
Ic Growth limited to one or both ovarics,

with ascites and malignant celis in the fluid.

Stage Il yrowth involving one or both ovaries
with pelvic extension.
[Ta Extension and/or metastases to the uterus
and/or tubes and/or other ovary.
Itb Extension to other pelvic tissue.
Stage 11 Growth involving one or both ovaries with

wide-spread intraperitoncal metastases.

Stage IV Growth involving one or both ovaries with
distant metastases.

Special category:  Unexplored cases which are thought to
be ovarian carcinoma.
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7.4.1.

T.4.2.

7.4.3.

Imaging techniques in the diagnosis and staging of
ovarian cancer, review of literature
Plain radiography

Plain X-rays of pelvis and abdomen can demonstrate a soft tissue mass with or without
calcification. A benign ovarian cyst elevates the small intestine and, if sufficiently large,
displaces bowel loops laterally. Many ovarian lesions, benign and malignant, tend to
calcify. Calcification of psammoma bodies is sometimes seen in papillary neoplasms of the
ovary and is considered by some authors as a sign of slow growing malignancy (Papavasiliou,
1958; Moncada et al. 1974}, Castro and Klein (1962) report such calcification in 12% of
cystadenocarcinomas, and its characteristics have been emphasized by Lingley (1942). It is
radiographically less dense than common calcification, due to its microscopic nature, and
may appear as little more than a hazy shadow, in contrast to sharply defined irregular
shadows of much greater density, which may also be seen in the same tumour and ure due
to other forms of calcification. Furthermore, psammoma calcification may be spread
throughout the pelvis and abdomen, and similar appearances in metastatic lesions in liver,
lymph nodes, lung and breast may represent the same phenomenon (Nathason, 1950,
Royen and Ziter 1974, Moncada et al., 1974)

A quite different and very rare type of calcification is seen in mucinous cystic ovarian
tumours (Stevens, 1971) and in pseudomyxoma peritonei. These are curvilinear opacities
which may be seen in the periphery of the tumours (Noomann, 1963, Papavasiliou 1959
and Moncada 1974).

Urography

All large pelvic tumours can displace or obstruct the ureters. In the case of an ovarian
tumour, the displacement is usually lateral but sometimes medial {Bryk, 1966). The
literaturc incidence of ureteric obstruction varies from 58-69% in malignant ovarian
conditions to 32-58% in benign ovarian masses (Long and Montgomery, 1950, Klempener
1952). Urography is primarily indicated to ascertain the course and number of the ureters
pre-operatively.

Barium studies

Barium studies are indicated in the differential diagnosis of a palpable pelvic mass to
differcntiate primary colonic tumours from other pelvic masses, and to exclude or to
determine the extent of bowel involvement. The radiological signs of such involvement are
the subject of intense discussion in the literature (Asch et al., 1968, Bryk, 1967, Farmer
and Hawk, 1964, Graham and Goldman, 1964, Khilnani et al., 1966, Marshak et al, 1965,
McCort, 1953, Meyers, 1976). Meyers (1976) differentiates between the radiological signs
of direct invasion of the alimentary tract by immediately contiguous neoplasms and by
intraperitoneal seedlings. The signs of direct contiguous invasion are fixation of the bowel
wall with nodular irregularities or desmoplastic angulation of mucosal folds to an annular
pattern, such abnormalities often stretching over a considerable length without the
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7.4.5.

overhanging margins as seen in cases of primary colonic cancer. Characteristically the site
of such infiltration by ovarian cancer is the lower border of the sigmoid colon. As described
earlier, the locations of seedling tumours are determined by the ascitic fluid circulation
described by Meyers (1973). In the pouch of Douglas the characteristic signs are “fixed
parallel folds or nodular indentations of the anterior aspect of the rectosigmoid junction”™
(Meyers, 1976). Seedling deposits along the sigmoid mesocolon in the left lower quadrant
produce changes characteristically localized to the upper border of the sigmoid colon, the
assoctated desmoplastic reaction again causing distorsion of mucosal folds. The
abnormalities caused by seedlings on the lower small bowel mesentery are non specific and
cannot usually be distinguished radiologically from the changes produced by other
mesenteric masses, primary lesions of the caccum or inflammatory reaction caused by
appendicitis, regional enteritis, tuberculosis or amoebiasis.

Lymphography

The early occurrence of lymph node metastases in ovarian cancer has already been
mentioned in paragraph 7.2, but little importance is generally attached to this, because at
the time of diagnosis the treatment plan is generally directed by the extent of local and
peritoneal spread (Wallance and Jing, 1974). Some authors, however, have used
lymphography in an attempt to stage the disease more accurately, and the incidences of
lymph node metastases found by them are tabulated in table 7.3. With the exception of
Mucemeci et al. {1980) who could find no area of predilection, all other workers found the
majority of lymph node metastases in the para-aortic region.

Table7.3.
The incidence of lymph node metastases found with lymphography
(several authors).

Author(s) Stage | Stage 1] Srage 111 Stage IV All cases

Douglas et al. 1971 - - - - 8/44 (18%)
Parkeretal. 1974  3/13(22%) 2/29(7%) 922(41%)  3/5(60%)  17/69(25%)
Atheyetal. 1975 - - - . 33/72(46%)

Musumeci etal. 1980 6/70(8.6%) 217 (11.8%)32/103 (31.1%) 18/30(60%) 58/220 (26.4%:)

Ultrasound

Utltrasound is widely used in the differential diagnosis of space occupying lesions of the
female pelvis. Lawson and Albarelli (1977) and Fleischer et al. (1978) claimed a diagnostic
accuracy of 91% for ultrasonography in identifying the presence or absence of a mass as
well as its location, size and consistency, and Fleischer et al. (1978) attempted a more
detailed differential diagnosis. Deland et al. (1979) quoted a similar figure of 90%.
Kobayashi's (1976) figures give a positive diagnostic rate for benign ovarian cysts of 96.2%
and for ovarian carcinoma of 77.6% . The incidence of the different ultrasound characteristics
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of benign and malignant ovarian tumours was described by Meire etal. (1978) who concluded
that benign lesions are unilocular or multilocular with thin septa and no nodules, whereas
malignant lesions are often multilocular with thin septa and nodules, or multilocular with
thick septa with or without nodules.

Requard et al. (1981) compared the surgical and pathological findings in 32 patients with
malignant ovarian tumours with the results of ultrasonography, and found a 97% accuracy
in detecting pelvie tumours, of which 87.5% were correctly characterized as malignant.
Ultrasonographic staging however was correct in only 48%, ascites being missed in 5
patients but there were no false-positives. Additionally, uitrasound detected only 3 of the
15 cases of omental and peritoneal metastases and adenopathy was missed in 3 of the 4
patients with proven lymph node metastases. Paling and Shawker (1981) reported the
ultrasound appearance &f ovarian cancers in 57 patients (stage 11B or higher). An extra-
pelvic tumour was detected by ultrasound in only 23 cases (40%) including & patients with
liver metastases. In 10 cases a fixed mass or masses were scen within the peritoneal cavity,
but it was impossible to localize these to omentum, mesentery or serosa. In only 5 of the 23
paticnts could tumour nodules, outlined by ascites fluid, be seen arising from an identifiable
surface (liver, diaphragm or anterior abdominal wall).

Computed tomography

Literature about CT in diagnosing or staging ovarian cancer is scarce and the majority of
the availabic studies is done with a second generation CT-scanner. Amendola et al. (1981)
reported the results of CT scanning in 34 patients with histologically proven ovarian
malignancy and concluded, as Walsh et al. (1978) did, that CT could not supplant ultrasound
in the primary evaluation of abdominal masses, but it may play a helpful role in the
evaluation of treatment reponse in patients with ovarian malignancy. CT turned out to be
superior to ultrasound in demonstrating tumour invasion of the bowel and pelvic ureters
and retroperitoncal adenopathies but tumour implants smaller than 2 cm were not detected.
Dunnick et al. (1979) could detect small peritoneal implants after intraperitoneal installation
of water soluble contrast. Levitt ¢t al. {1978) missed the omental and mesenteric metastases
with CT in 9 of the 27 cases. The metastases were less than 1 cm in diameter, sometimes
only microscopic or were adjacent to the primary tumour from which they could not be
resotved by CT. Whitley et al. (1981) compared the CT results with the surgical findings in
22 patients. CT accuracy in detecting ascites and sensitivity in detecting peritoneal, omental
or mesenteric involvement was 100%, although specificity was much lower, namely 64%,
67% and 88% respectively, the false-negatives being in the detection of small (1 cm) or
nicroscopic tumour involvement on serosal surfaces. Detection of liver capsule involvement
was also poor. They concluded that CT was a very helpful procedure in follow-up evaluation
of paticnts with ovarian cancer and that may decrease the need for some second look
laparotomies.
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Computed tomography in ovarian cancer - a clinical study
Introduction

The purpose of this study was to determine :
1. The accuracy of CT in diagnosing both the presence and the nature of pelvic mass

lesions.
2. The accuracy of CT in staging ovarian cancer as compared to surgical staging
procedures.

3. The diagnostic refiability of CT for treatment monitoring in patients with ovarian
cancer.

Outline of the study

To fulfil the purpose stated, a retrospective study was made of all CT scans performed in
the period 1-1-80 to 1-2-81 on patients with ovarian cancer. The results of CT were compared
with detailed clinical and surgical records and were sufficiently encouraging to indicate a
need for a prospective study on a much larger scale. Accordingly, with the cooperation of
the gynaecology departments of the hospitals of Geleen, Heerlen, Maastricht, Roermond
and Sittard, and the radiodiagnostic department of the de Wever hospital in Heerlen, an
agreement was made to perform CT scans on the following patient groups :

1. All new patients with clinically suspected ovarian cancer would be CT scanned prior to
first laparotomy.

All patients with histologically proven ovarian cancer would have a CT scan :

a. before chemotherapy (some weeks after the first laparotomy)

b. during chemotherapy (on average half way through treatment)

¢. after chemotherapy. (just prior to the "second look laparotomy).

3. All patients with suspected recurrence {even during chemotherapy) would have a CT

[N

scan.
Al CT scans made for these indications in the period 1-2-'81 - 1.4."82 in the de Wever
hospital and in the period 1-2-"81 - 7.9.°82 in the St. Annadal hospital form the prospective
study. Both the retrospective and prospective study involved a total of 139 patients on
whom a total of 193 CT scans were performed (106 patients had one CT scan, 18 patients
two, 13 patients three, one patient four and one patient eight CT scans). Table 7.4
summarizes the distribution of all these CT scans into the different indication groups and
differentiates between the retrospective (numbers between brackets) and prospective
studies. For the purpose of this study, the chosen examination unit is the CT scan
examination, and as a result, 5 of the 18 patients of the retrospective study also form a part
of the total of 126 patients in the prospective study, because they were submitted for
further scanning during the prospective period.

All scans were performed on two identical CT scanners using a standardized procedure,
but the patients reflected 5 different hospitals of origin.

In group 1, the results of CT were compared with the definite diagnosis, as established
clinically or surgically. In groups I and T the results of CT were comparcd with the
clinical, surgical or autopsy assessments of the disease state, as appropriate.
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7.5.3.1.

CT in the diagnosis of ovarian cancer

Method and material

Eighty-eight patients had a CT scan for clinically suspected ovarian tumour and all had
undergone gynaccological examination (table 7.4. indication group 1, except the special
cases, as explained in paragraph 7.5.4.1). In table 7.5. the reasons for suspecting ovarian
tumour are tabulated against the eventual definite diagnosis. The 3 CT scans performed for
“other reasons” represent one patient with lower limb thrombosis and ascites, one with an
abnormal 1.V.U. and a past history of pseudomyxoma peritonei 10 years previously and
onc patient had a palpable pelvic mass and a past history of Hodgkin’s disease thought
clinically to have been cured. The "unknown™ cases are included because the CT request
form mentioned ovarian cancer as a possible diagnosis but the reason for suspicion was
unclear. Table 7.6. lists the eventual definite diagnosis and records the confirmation
method used. All laparotomics were performed within 30 days of the CT scan (average 9
days), except in one case (126 days). The laparoscopies were performed 12 and 16 days
respectively after CT scan and the autopsy after 34 days. Of the 16 patients in whom the
diagnosis was confirmed by follow-up, the three with non-ovarian malignant abdominal
discase had a definite histological diagnosis and died of clinically wide spread disease
within three months, and of the I3 patients with benign or no disease, 2 were alive and
symptom-free 3 months later and the remainder 6 months later. All CT scans were performed
using the standard procedure as described in chapter H and include the pelvis and upper
abdomen except in 2 cases in which the pelvis was only scanned. In 36 cases the pelvis was
scanned before and after bolus injection of urographic contrast medium.

Table 7.4
All CT scans, forming the material of chapter VII, related to scan indication (indication
groups) and surgical or clinical diagnosis (brackets indicate retrospective study).

Indication groups

) 1! i

special | before during after clinical suspicion
Surgicallclinical cases chemo-  chemo-  chemo- | recurrent disease
diagnosis therapy . therapy  therapy
Owarian cancer 2544y 3 19 24 IB+(8)| 11+4+(2)
Non malignant
gynaccological
tumours 24+ (2) - - - - -
No gynaecological
pathology M+ - - - - -
Total 80+(8) 3 19 24 38+8)| 11+
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7.5.3.2.

All CT scans were assessed independently by two radiologists for the presence or absence
of pelvic, omental or peritoneal-mesenteric masses, liver capsule or diaphragmatic masses,
lymph node enlargement, liver metastases, ascites and possible tumour growth elsewhere.
If one or both observers quoted one of these features as present, this was considered as a
definite CT diagnosis. Mass lesions separate from the pelvic tumour, not clearly benign
(e.g. liver or renal cyst) were considered to be metastases and quoted as satellite masses.
Visible pelvic masses were then classified as round or lobulated, sharp or ill-defined,
smaller or larger than 5 cm. in diameter and subclassified as pure cystic, complex or solid.
Cystic masses containing at least one solid structure of any size were defined as complex
lesions. Furthermore, the presence of calcifications was noted.

CT results were compared with definite diagnosis and scan indication and the various CT
features will be discussed.

Results

Tables 7.7 and 7.8 correlate CT scan abnormalities with initial indications and eventual
definite diagnosis respectively. In 11 patients, the CT scan was normal. Two had diverticular
discase and a palpable pelvic mass, with a definite clinical diagnosis of sigmoiditis, the
remaining 9 having no abdominal discase. All were symptom free after 6 months. The one
patient with satellite masses only had liver metastases already demonstrated
ultrasonographically and histologically suggestive of ovarian adenocarcinoma, and CT
confirmed these liver lesions and incidentally demonstrated a mass in the right breast, but
was otherwise normal. Four patients had clinical ascites only, and CT simply confirmed
this. Three were operated on within a week and the fourth died and was autopsied 34 days
after the CT scan. Three had diffuse peritonitis carcinomatosa (adenocarcinoma) but no
primary site was found, and in only one did the pathologist suggest ovary as the primary

Table 7.5

Reason for CT scanning correlated with definite diagnosis in 88 consceutive patients with suspected ovarian

tumour,

Indicarion CT scan No. of Definite diagnosis

patienis

ovarian benign non-gynaecological non-gyraecological no abdominal

cancer gynaecological malignant abdominal — bewign abdominal  disease
tmaour disease disease

Palpable pelvic mass 67 22 25 8 8

Abnormal ultrasound
examination 6 )] - 2 p

Ascites of unknown

origin

Metastatic deposits of
unknown origin 2 - - I -

Other reason 3

[
[
v

Unknown 3 - . . ;

Total

88 29 26 13 H
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Table 7.6
Definite diagnosis and method of confirmation in 88 consecutive patients with suspected
ovarian tumour.

Definite diagnosis No. of Diagnosis confirmed by :
patients
taparoiomy laparoscopy cviology follow-up antopsy

Ovarian cancer 29 27 | i

Benign ovarian tumour 15 15 - - - -
Pseudomyxoma peritonci ! 1 - - - .
Fibroids 5 5 - - - -
Fibroids 4+ benign ovarian tumour 3 3 - - - -
Fibroids + diverticular discase 1 I - - - -
Fibroid 4 renal adenocarcinoma * 1 i - - - -
Peritonitis carcinomatosa

(unknown origin} b 3 - i - 1
Peritonitis carcinomatosa

(adenccarcinoma of colon) 2 2 - - - -
Peritonitis carcinomatosa

(adenocarcinoma of breast) 2 I - - 1 -
Liver metastases breast cancer

{no abdominal mass) 1 - - - 1 -
Pleural and peritoneal mesothelioma | - - I - -
Lymphosarcoma 1 - - - 1 -
Peritonitis tuberculosa 2 ] I - - -
Hygroma 1 1 - - - -
Lipoma 1 1 - - - -
Haematoma 1 - - - i -
Diverticular disease, sigmoiditis 6 3 - - 3 -
Sigmoiditis + dermoid eyst 1 1 - - - -
No intra-abdominal disease 9 - - - 9 -
Total 88 66 2 3 16 1

site. The fourth had tuberculous peritonitis. Of the 9 patients with satellite masses and
ascites, one had laparoscopically proven tuberculous peritonitis with omental masses. A
sccond had pseudomyxoma peritonei with right ureteric obstruction on V.U, laparotomy
revealing gelatinous fluid in the peritoneal cavity, and encapsulated in two masses, one in
the splenic region and the second obstructing the right ureter in the right lower quadrant.
The corresponding CT findings were ascites and two low density regions, one within and
one adjacent to the spleen, with curvilinear caleified borders suggestive of satellite masses.
A third patient had laparoscopically demonstrated omental masses, histologically shown to
be ovarian cancer, but the pelvis could not be visualized, and extreme obesity contra-
indicated laparotomy. The remaining 6 patients had histologically proven malignant
abdominal discase. Two had peritonitis carcinomatosa at laparotomy, but macroscopically
normal ovaries (origins being colon and breast). Another died some days following CT
scan without laparotomy or definite diagnosis, but with malignant ascites. Neither of the
other three had a laparotomy, but one had breast cancer, possibly responsible for the
enlarged para-aortic nodes scen on CT, the other had a pleuro-peritoneal mesotheliona
and the last patient had cytologically proven ovarian cancer but no laparotomy was done at
that time. Of the four patients with a pelvic mass and ascites only, three had stage 11
malignant ovarian discase and the fourth a benign mucinous cystadenoma. The primary
tumours in the two patients with a pelvic mass, ascites and satellite masses who had non-
ovarian abdominal malignancies, were cancer of the colon and lymphosarcoma.
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Table7.7.
CT scan abnormalities in 88 patients with clinically suspercted ovarian tumour related to
indication for CT scan.

Abnormalities on Tadication for CT scan total
CT scan Palpable abnormal  ascitesof  metastatic other unknown

pelvicmass ultrasound  unknmown  deposits of reason

examination origin unknown origin

Pelvicmassonly. 35 1 36
Pelvic mass and
satellite masses. 8 8
Pelvic mass,

satellite masses
and ascites. i1 1 I 2 15

Pelvic masses and

ascites only. 3 1 4
Satellite masses

and ascites only. 4 2 2 ! 9
Ascitesonly. 4 4

Satellite masses
only. 1 |
No tumour

abnormalities
suspected. 6 1 1 3 1
Total 67 6 7 2 3 3 88

Three patients with a pelvic mass and satellite Iesions only had benign discase, two being
diverticular disease with surrounding inflammatory change (one combined with a benign
left ovarian dermoid cyst, fig. 7.1c), and the third being a hygroma compressing the bladder
together with a large ventral abdominal wall hacmatoma. A fourth had carcinoma of the
sigmoid with Krukenberg ovarian metastases (fig. 7.7), the fifth had a large calcified
fibroid and an incidentally found renal adenocarcinoma and the remainder had ovarian
‘cancer.

Of the 36 solitary pelvic masses, only nine were malignant, seven being primary ovarian
cancer, and the cighth a primary colon tumour with ovarian metastases and the ninth
mucinous cystadenocarcinoma of the appendix (fig. 7.1f). The remaining 27 comprised 15
benign ovarian tumours, 5 uterine fibroids, 3 fibroids with a benign ovarian tumour, |
abdominal haematoma, 2 diverticulitic masses and one a necrotic lipoma. Table 7.9
correlates the CT features of the mass with the definite diagnosis for the total of 63 cases of
pelvic mass visible on CT.

In 36 cases (13 ovarian cancer, 5 fibroids, 10 benign ovarian tumours, 3 other abdominal
malignancies and 5 benign abdominal discasc), a pre and post i.v. bolus contrast scan was

made, to study the value of contrast enhancement. Contrast increased definition,
particularly in the uterus, and sometimes dramatically, but revealed no new structurces and
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Table 7.8
CT scan abnormalities in 88 patients with clinically suspected ovarian tumour related to definite
diagnosis (* patient with calcified fibroid and renal adenocarcinomaj.

Abnormalities Definite diagnosis

on CTscan ovarian benign non non no total
cancer gynaecological gynaecological gynaecological abnormalities
tumour malignant benign
abdominal abdominal
discase disease
Pelvic mass only 7 23 2 4 - 36

Pelvic mass with
satellite masses 3 1* 1 3 - 8
Pelvic mass with
satellite masses

B2
e
i
(91

and ascites 13 -

Pclvic mass

with ascites only 3 1 - . - 4
Satellite masses

with ascites only 2 1 5 1 - 9
Ascites only 1 - 2 1 - 4
Satellite

masses only - - 1 - - 1
No tumour |
abnormalities
suspected . . - 2 9 11

Total 29 26 13 11 9 88

in no way altered the features tabulated in table 7.9, A remarkable feature of uterine
fibroids was that areas of the tumour which were of high density compared to the surrounding
tumour tissue prior to contrast enthancement remained unchanged by contrast injection,
while the surrounding tumour tissue took up the contrast medium dramatically. This
paradoxical contrast enhancement in uterine fibroids was unique in our material (fig. 7.8)

7.5.3.3. Discussion
Tt is generally accepted on the basis of diagnostic yield, non-invasiveness, low cost and
patient acceptability, that ultrasonography is the examination of first choice in the detection
and investigation of a pelvic mass lesion. The technique is, however, dependent on the skill
of the examiner, and is difficult in obese patients. Further specific imitations include poor
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Table 7.9
The incidence of the various CT features in various pelvic mass lesions.

CT features of pelvic No. of patienis with :
muass lesions.
ovarian benign  fibroids  non- non-
cancer  ovarian gynaecological gynaecological
wnour malignant benign
pelvic pelvic
tumour nonour
n=2 o=19 n=9 n=3 n=7
Size : <5cm 5 - 1 2 4
> 5cm 21 19 8 3 3
Shape : round or oval 5 9 0 1 3
lobulated or irregular 21 10 9 4 4
Borders : sharp 1 16 7 2 3
ill defined 15 3 2 3 4
Consistency : cystic G 7 0 0 4
solid 0 2 6 3 1
complex 26 10 3 2 2
Calcifications:  no 21 16 6 5 7
yes 5 3 3 0 0

visualization of the pouch of Douglas in the presence of uterine calcification, and a tendency
for bowel loops with adhesions to be misdiagnosed as pelvic tumours. CT, on the other
hand, is independent of examiner technique, uninflucnced by fatty tissue or caleification,
and bowel loops can be differentiated by the use of intra-luminal contrast. CT definition,
however, depends on the presence of fat planes, and is therefore less effecrive in very lean
patients.

Table 7.7 reveals the considerable variety of CT abnormalities seen in the 67 cases of
palpabele pelvic mass. In 10 cases, CT did not confirm a pelvic mass, but in 4 of these,
extra pelvic satellite lesions and ascites were seen and abdominal malignancy was
subsequently confirmed (fig. 7.2a-c). In two further cases, sigmoid diverticula (fig. 7.1.a)
were seen and operation was cancelled. The remaining four showed no CT abnormality,
and all 6 were symptom free after 6 months follow-up.

Tables 7.7 and 7.8 show that there are no CT features pathognomonic for ovarian cancer.
However, in our material, the complete absence of CT abnormalities would appear to
exclude diagnosis of ovarian cancer in spite of abnormal clinical features. A visible pelvic
mass only always indicated disease, but, although, this was malignant in only nine cases,
there was no more specific indication as to the definite diagnosis. The additional finding of
satellite masses was strongly indicative of intra-abdominal malignant disease, especially
when combined with ascites, but in four cases with satellite masses, the discase was in fact
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fig. 7.1,

Six cases with a palpable pelvic mass and gastrointestinal disease: a. no pelvic mass on CT but
diverticulosis of the sigmoid; disease free follow-up of 6+ months. b. solid mass (m) in the region of
the sigmoid; sigmoiditis with inflammation of surrounding tissue. c. irregularly contrast enhanced
pelvic mass (m) displacing the sigmoid (8) and a hypodense centre in the left iliac vein (arrow);
inflammatory proces and left iliac vein thrombosis probably caused by diverticulitis. d. irregular pelvic
mass (m) with a hypodense central region not separable from the uterus (U) and soft tissue strands to
the periphery (arrows); sigmoiditis with infiltrating of the adjacent mesenteric fat.

e. irregular mass (only partly visible) with air densities (arrows) and a fatty tumour (-50 HU) on its left
side (d); sigmoiditis with dermoid cyst in the left ovary. £ irregular mass (m) with a contrasted rim
(after bolus contrast injection) and hypodense centre with air densities; mucinous cystadenoearcinoma
of the appendix.




c

fig. 7.2

Four cases with ascites and satellite masses on CT due to diffuse mesenteric and peritoneal involvenent
by metastatic breast cancer (a), lymphosarcoma (b}, metastatic adenocarcinoma of the sigmoid (¢)
and metastatic adenocarcinoma of unknown origin (d). The ascites (a) in these cases is loculated and
irregular strands of soft tissue density are visible between the bowel loops (small arrwos) just as round
cystic and solid masses (m). The inner side of the ventral abdominal wall is ill defined and thickened
with soft tissue masses (large arrows) presumably due to omental involvement. Note the subentancous
mass (m) in figure b.

benign (sigmoiditis fig. 7.1.d-c, hygroma and haematoma, tuberculows peritonitis fig,
7.3.c-d, and pseudomyxoma peritonei fig. 7.3.a-b).

Table 7.9 shows that in general, descriptive features of a pelvic mass on CT give no definite
indication as to diagnosis, the exception in our material being that a truly cystic mass
indicated only benign discase. This concurs with the findings of Meire et al. (1978) that
cystic lesions on ultrasound indicate benign disease. Fig. 7.4, 7.5 and 7.6 show ¢xamples of
benign and malignant ovarian tumours. Calcifications were visible in both benign and
malignant ovarian tumours as punctate densities or as irregular hazy shadows of high
density, the last representing psammoma body calcifications which might easily be mistaken
for bowel or intravascular contrast medium. Density measurements gave no indication
about the nature of the tumour, although in two cases the farty content could be predicted
because of densities of -30 and -50 HU, which proved to be respectively a necrotic lipoma
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and a dermoid cyst (fig. 7.1.¢). The two cases of secondary ovarian tumours (Krukenberg's
tumour) could not be differentiated from other ovarian masses (fig. 7.7.).

The use of intravenous contrast enfiancement may be essential to make an accurate
diagnosis. An example is the very irregular and paradoxical contrast uptake by uterine
fibroids, seen in 3 of our cases. This can only be correctly judged by comparison with a pre-
contrast scan, and is an important finding in the differentiation of fibroids from malignant
ovarian tumours (fig. 7.8.). In describing the CT features of fibroids in 83 patients, Tada et
al. (1981) recorded lobulation as the most frequent sign. In our experience, however,
lobulation is a frequent feature of all pelvic masses. They mention the presence of low
density areas in 19 cases, but the significance of this is not clear, because they do not
mention exactly when they used intravenous contrast material. Although not mentioned by
Tada et al., some of their pictures show arcas of very high contrast uptake within the
uterus which probably indicates richly vascularized fibroids. Karlsson and Persson (1980)
performed angiography on 34 patients with fibroids and found a rich vascularity in 22

fig. 7.3,

Ascites and satellite masses on CT in benign abdominal discase. a and b: pseudomyxoma peritonei
with huge pelatincous masses in the peritoneal cavity, an infiltrating mass lesion in the spleen (large
arrow) and a mass with calcificd rim adjacent to the spleen (small arrows). The first mass was not
found at operation, the spleen was not removed and the patient had a disease free period of 18+
months. ¢ and d: Tuberculous peritonitis with loculated ascites (a) with soft tissue strands representng
thickening of the mesenteric leaves (small arrows) and small masses (large arrow). (U = uterus, L =
liver, S = spleen)
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fig. 7.4.

Six cases of benign ovarian tumours showing the divers CT features. a. benign cyst. b, serous
cystadenoma with thin septa. ¢. mucinous cystadenoma with thin septa, solid structures and ascites
(8). d. irregular, ill defined complex mass (T) being a thecoma. e. solid mass (T) with calcifications
veniral to the uterus being a thecoma. f. serous papillary cystadenoma (C}. Note its solid but
homogeneous structure compared 1o the contrast enhanced uterus. (B = bladder, U = uterus)




{569%}, but this tended to decrease with increasing fibroid size. Fibroids show a tendency
to necrosis and caleification, and in our opinion, this can be seen in CT as islands of slightly
incréased or decreased density (often seen only with optimal window width and window
level settings), which do not enhance with contrast, resulting in paradoxical contrast
uptake seen on comparison of pre and post contrast films. In summary, the probable
diagnostic CT features of uterine fibroids are the high contrast uptake of the normal uterus
itself, and of fibroids in their early vascular stage, and paradoxical contrast uptake as they
become necrotic and calcified. Histological examination in three of our cases showing
paradoxical contrast uptake confirmed necrosis and calcification.

The value of using intravenous contrast in differentiating cystic pelvic masses is also
emphasized by one case of a palpable pelvic mass in which both CT and ultrasonography
demonstrated two cystic pelvic masses, the larger of which was presumed to be an ovarian

c

fig. 7.5.

Four cases of ovarian cancer: a. predomvinantly cystic turmours (C) in both ovaries (small solid structures
were visible at another level) one compressing the bladder. b and ¢: predominantly cystic tumours
with large solid structures. d. bilateral solid ovaries connected by a tumour mass with psammoma
caleilications dorsal to the wterus (arrows). Note the difference between bowel contrast and the
calcifications which were barely visible on the conventional X-ray film. (U = uterus, B = bladder, 0

= OVATICS)

L6



7.5.4.

7.5.4.1.

cyst. At operation, however, the smaller mass was found to be the ovarian cyst and the
larger one a grossly distended bladder caused by a blocked catheter.

fig. 7.6.

Two cases of ovarian cancer; scans before (a and ¢) and after (b and d) bolus contrast injection. The
caleifications are clearly visible in figure ¢ (arrows) but may be easily mistaken for contrast medium in
the vascular phase in figure d.

CT in staging ovarian cancer, a correlation study between CT and
surgical findings

Method and material

To assess the accuracy of CT in staging ovarian cancer, results are compared with those of
operation or laparoscopy in 60 patients with histologically proven ovarian malignancy.
Thirty-two patients were scanned before the primary staging laparotomy or laparoscopy
(indication group [, table 7.4.), 26 before a second and two before a third look procedure
(part of indication group Ilc, table 7.4). In 18 cases (part of indication group Ilc) no second
look was done for several reasons. Because of a complete clinical remission (CCR)
chemotherapy was stopped and the results of CT scanning were compared with a follow-up
of at least 6 months. Table 7.10 relates the initial stage of disease with the type of diagnostic
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procedure,

The 32 patients submitted for initial staging laparotomy include 3 special cases (table 7.4.)
in whom the histological diagnosis of ovarian cancer was made because of incidental
operative findings (two during appendectomy and one during sterilisation) prior to first CT
scan.

This study is partly retrospective and partly prospective and the scans of the former are
always between brackets. In the retrospective study all hospital records, especially operation
reports, are reviewed in detail. During the prospective study the gynaecologist was asked
to record on a special form (appendix 111) the surgical findings, including size, if present, of
pelvic, peritoneal, omental and diaphragmatic masses, the state of the liver and the presence
or absence of enlarged lymph nodes, and finally a judgement as to the succes of debulking.
This was classified as "maximal debulking”, if a complete resection was possible or the
maximal diameter of residual tumours was less than 2 cm, "partial debulking” if the residual
tumour was more than 2 cm diameter and "laparotomy” if the procedure was limited to
biopsy only. The results of "second look” operations were classified as "complete surgical
remission (CSR)™ if no intra-abdominal malignancy was found by surgical, cytological and
histological examination. If the operation revealed residual tumour, the size and location

fig. 7.7,

Two cases of metastatic ovarian peoplasm (Krukenberg's tumours) with the colon as primary origin, a
and ¢ are of the same patient and the colon tumour is also visible on the CT scan (arrows). (U =
uterus, B = bladder)
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fig. 7.8.

CT features of large fibroids: CT scans before (a, ¢ and e) and after (b, d and f) bolus contrast injection;
aand b and ¢ and d are fibroids, e and fis a malignant ovarian tumour. The arcas of slightly increased
density (arrows) in the fibroids do not enhance after bolus contrast injection, unlike the areas of
higher density in the ovarian tumour.
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of the tumour were located.

In all cases, histological assessment was reviewed by one pathologist and the findings are
listed in table 7.11.

Allinitial surgical evaluation procedures were performed within 30 days of CT scan {(average
7.1 days), with one exception of 126 days, and second and third look procedures were all
performed within 90 days of CT scan (average 31.8 days) with one exception of 136 days.
In 17 of the 32 initial evaluation cases a maximal debulking procedure was possible, in 8 a
partial debulking procedure, in 6 (including the laparoscopy case) a biopsy only, and in
one patient (staged as : "special category™} only ascitic fluid examination was done.
During 16 of the second (or third) look procedures residual discase was found and in 12
cases a complete remission. All second or third look procedures were performed within 20
months of the first laparotomy (average 10,1 months) with the exception of one patient
who had a second look laparoscopy 10 years after the initial operation because of suspected
recurrent disease. 20 Patients (22 CT scans) were treated with mulitiple drug therapy and 6
with single drug therapy. In 15 patients (17 CT scans) maximal debulking had been done at
the first laparotomy, in 4 only partial debulking and in 7 debulking had been impossible.
None had chemotherapy in the interval between CT scan and second or third look
procedures. Clinical assessment prior to cach follow up scan was available in all but one
case, and indicated complete clinical remission (CCR) in 20 cases (18 patients) partial
clinical remission (PCR) in 5 and progressive clinical discase (PCDY) in two cases.

All CT scans were performed using the standard procedure described in chapter 1l and
include the pelvis and upper abdomen except in two cases in which only the pelvis was
scanned. Intravenous contrast medium was given in some cases, as appropriate. Al CT
scans were reviewed independently by two radiologists as described in paragraph 7.5.3.1.

Table 7.10
Diagnostic procedures performed to evaluaie the stage of discase in patients with ovarian cancer related to the initial
stage of disease, The numbers between brackets are the CT scans of the retrospective study and the numbers marked

(*) are the special cases mentioned in table 7.4,

Initial No, CT scans priorto No. CT scans priorio Na. CT scans prior o No. patients

stage of primary staging procedure secend look pr ocedure third look pro cedure without

iisease. second look
taparotomy laparoscopy {laparotomy | laparoscopy | laparotomy | laparoscopy | follov-up

Stage 1 34 2% - ! 3 - - 2

Stage 11 4 - 2 - - - 6

Stage 111 13415 +(3) |1 9+ {3) I+ (3) 2 - 8+ (1)

Stage 1V I+ (1) - 3+(1) - - - I

Special

category - I {cytology) |- - - - -

Total 23434 |2 15+ () 4+(3 2 - 17 +(1y
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Table 7.11
Histopathology of the ovarian cancer cases of chapter VII.

Serous cystadenocarcinoma 57
Municous cystadenocarcinoma 7
Endometroid carcinoma 7

Mixed mesodermal tumour I
Granulosacel tumour 5
Teratoma 1
Choriocarcinoma 1
Clearcell tumour 1
Total

=

Results

Thirty-nine forms (appendix 111) were correctly completed by the gynaccologist, and in the
remaining 21 (including 11 from the retrospective study) the form was completed by
consulting the formal operation report. Tt was subsequently realized that a question about
ascites had been omitted in the printing of the questionaire form, and for this information,
the formal operation reports had to be consulted in every case.

Table 7.12 compares the results of CT scanning with surgical findings in all 60 patients. The
totals for the individual findings are incomplete, however, because only cases with definite
positive or negative information recorded on the questionaire form or in the operation
report were counted.

There were 4 false negative CT scans for ascites. One false negative finding for ascites was
43 days before operation, but CT also demonstrated satellite masses, subsequently proved
atoperation. In another case a hypodense region around the liver was present but interpreted
as pleural fluid. There was pleural fluid but at operation 3 days later 600 ml ascites was
found. In 2 other cases a small amount of haemarrhagic fluid was found in the peritoneal
cavity.

The false-negative for liver metastases was only on the basis of operative palpation of the
liver, no liver biopsy being performed. Although pre and post contrast CT showed
completely normal liver parenchyma, it did in fact demonstrate capsular irregularity on the
lower border. There were two false-positives for liver metastases, the first patient having a
1.5 cm diameter central liver lesion on CT not confirmed at the second fook operation 23
days later. Flowever the patient died four months later with a clinical diagnosis of liver
metastases, by which time subsequent CT scans showed multiple liver lesions. The sccond
patient had an enormous suprarenal mass and an intrahepatic lesion, clearly visible on CT
neither were confirmed at operation 13 days later, so the tumour was classificd as stage 11
and a maximal debulking procedure was donc. Nevertheless the patient died 4% months
later.

Satellite masses on the liver capsule were visible in only 4 patients, one showing a 10 cm
mass in the liver hilus and the second showing soft tissue densities on the dome of the liver
(fig. 10a.). In the third patient the operation report {retrospective case) mentioned "large
nodules on the dome of the liver” and in the last patient small irregularitics on the liver
surface in CT were interpreted by one observer as normal and by the other as abnormal
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and the operation report mentioned small capsular irregularities. In the nine false-negative
cases, surgery reported small nodules (less 1 cm) on the livercapsule often described as
“granular” or "miliary”. In the one false-positive case an irregular outline of the liver in CT
was quoted as satellite masses (fig. 7.10£.).

Diaphragmatic satellite masses visible on CT were little more than some irregularities on
the visceral aspect of the diaphragm, but operation demonstrated many large nodules 1 to
2 cm in diameter. Furthermore, there were 14 CT false-negatives.

CT was unable to demonstrate peritoneal and mesenteric satellite masses less than 3 em in
diameter, and the smallest omental mass visualized was 2 cm in diameter.

One of the 3 CT false-positive reports of enlarged lymph noedes was reported surgically as
“doubtful interpretation, possibly some suspicious nodes™.

The two false-negative pelvic mass cases had only pin-point lesions in the pouch of Douglas
at operation, and one of the two false-positive findings was only in relation to laparoscopy.

Moreover for various reasons 18 patients with a complete clinical remission had no second
look procedure. In 15 of these, the chemotherapy was stopped and in three continued.
Seventeen had a normal abdominal CT scan and the remaining one having a two centimeter
pelvic mass on CT. Two had a recurrence and died 18 and 22 month after CT, both having
a normal abdominal CT scan although I showed pleural fluid. All the other patients had a
symptom free period of at least 6 months in 14 cases and 3 months in 2 cases, while in only
one patient the therapy was continued (the patient with the small pelvic mass). In these 18
cases, there were therefore 15 true-negatives, 2 false-negatives and perhaps one false-
positive.

Table 7.13
Comparison between CT and surgical findings in 19 patients who had a CT scan after a
staging or debulking laparotomy.

CTfindings

Surgical No residual Residual

findings diseases more disease more
than2cmin than2cmin
diameter diameter

Mo residual

disease more 4 patients 3 + 4* patients
than 2cmin

diameter

residual

discase more - 8 patients

than2cmin
diameter
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fig. 7.9.

Ascites and pleuralfluid. a and br ovarian cancer with ascites {a) through the whole peritoneal cavity,
around liver and spleen, in the paracolic gutters and between bowel lpops. Note the ventral location of
air containing bowel loops floating in the fluid. In malignant ascites the fluid 1s loculated and the
mesentery thickened and retracted (fig. d). e A minimal amount of ascites may only be seen in the
right hemidiaphragmatic region ventral to the liver (arrows). Differentiation between pleural (p) and
peritoneal fluid by the interface sign (fig. e) showing the interface to be sharp between liver and
ascites, but hazy between diaphragm and pleural fluid, and by the displaced diaphragmatic crus
(arrows, fig. £).




Discussion

As already mentioned, intra-peritoneal spread of ovarian cancer is common and early
{Bergman 1966, Rosenoff et al. 1975). The figures in our patient material do not differ
significantly from those of others, in that, at staging laparotomy, diaphragmatic metastases
were present in 50%, liver capsule metastases in 33% and peritoneal and omental metastases
in at least 63%. Sixty-eight percent were classified as stage I or IV, and in 53% maximal
debulking was performed. Of the remainder, 7 patients had only a biopsy or cytology
taken, all others having a partial debulking procedure. Wide-spread intra-abdominal
disease with loops of bowel involved into a tumour mass may make considerable demands
on the expertise of the gynaecologist or surgeon concerned, and even if technically possible,
may be contra-indicated by the general condition and age of the patient. Such factors also
influence the extent to which the entire peritoneal cavity can be explored. Obtaining all
necessary staging information may carry an unwarranted operative risk. Such decisions are
amatter for the individual gynaecologist, of whom at least 10 are represented in our material.
For this reason, the surgical information is confined to a note of the presence or absence of
tumour in the different locations in all cases where this could be established. Particular
aspects of the results as shown in table 7.12 will now be discussed.

A. Ascites.

A diagnostic accuracy for CT of 93% in the detection of ascites is worse than the results of
Whitley et al (1981) and better than the results of ultrasonography (accuracy of 84%)
demonstrated by Requard et al. (1981). However, 4 false-negative findings need an
explanation. In one case the ascites may have developed during the long period (43 days)
between CT and operation and in 2 cases, the small quantity found at operation could
barely be aspirated. Nevertheless in another patient 600 ml ascites, not detected by CT,
was found at operation three days later. This false-negative result was caused by the fact
that all the {luid was located around the liver, and interpreted as pleural fluid, which was
indeed also present in this patient. This interpretative error is already recognized and
methods of avoiding it are described in the literature (Dwyer 1978, Teplick et al. 1982).
Dwyer (1978) described the "displaced diaphragmatic crus sign™ (fig. 7.9f.) caused by fluid
accumulation in the pleural recess between crus and spine. Teplick et al. (1982) described
the so called "interface sign™ (fig. 7.9¢.), namely that the interface between liver and
ascites always appears sharp while that between diaphragm and pleural fluid is always hazy
and indistinct. Both signs were present in this patient (fig. 7.9£.).

In 20 patients CT demonstrated ascites very clearly. In all cases it was visible around the
liver capsule particularly between liver and right hemidiaphragm ventrally (fig. 7.9¢.). It
was present in the right and left paracolic gutters in 15 and 16 cases respectively, but had
spread to the left hemidiaphragm in only 14 cases. It was present in the pouch of Douglas
in 14 cases and loculated in folds of the mesentery in 12 cases and in only 6 was it present
throughout the whole abdomen. The typical appearance of malignant intraperitoneal fluid
collection with all bowel loops retracted and grouped around the midline was never scen in
this patient group but the ascites was often loculated between mesenteric folds due to
adhesions caused by mesenteric cancer involvement (fig. 7.9d.). In supine position, in
which all CT scans were made, the most dependent parts of the peritoneal cavity are the
pelvis (especially the lateral pararectal recesses) and the posterior subhepatic space
{Morison’s pouch) which communicates freely with the right subphrenic space. Because of
the negative pressure in the subdiaphragmatic region during inspiration as described by
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fig. 7.10.

Five cases of ovarian cancer with metastases on livercapsule and diaphragm. a: small nodules of soft
tissue densities on the liver capsule (arrows). b: masses of soft tissue density (arrows) adjacent to the
parigtal peritoneum on the abdominal aspect of the diaphragm. ¢: ill defined mass between diaphragm
and liver, causing an irregular liver outline (arrow) and a soft density mass ventral to the liver near the
falciform ligament (arrow), d: Calcified rim around the liver (arrow) presumably caused by psammoma
body calcifications (not histologically proven). e: Irregular lateral aspect of the liver (arrows) with
strands of soft tissue density between liver and diaphragm outlined by ascites due by metastatic
deposits. £z Trregolar dorsal aspect of the liver (arrows) with no capsule metastases during surgery,
probably caused by fibrotic changes after chemotherapy. (L = liver, § = spleen, G = gallbladder)
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Qverholt and Donchess (1935), this area will be first site of free fluid accumulation
particularly on the right, because of the presence of the phrenicocolic ligament on the left.
The presence of ascitic fluid ventrally is presumably due to displacement by the mass of the
liver. Proto et al. (1976) demonstrated this ventral location of ascitic fluid
ultrasomographically and stressed the importance of the specific gravity of the fluid with
respect to other abdominal organs. Although the lack of ascites does not exelude malignancy,
the presence of ascites is often associated with a malignant mass (Jones and Jones, 1981). If
CT is to be used to detect ascites the right hemidiaphragmatic region must be scanned.

B. Pelvic mass lesion.

Chapter 7.3.4. discuss the wide range of CT findings in patients with suspected ovarian
cancer, a pelvic mass being a frequent finding. In established ovarian cancer, table 7.12
demonstrates an accuracy rate of 93% for the CT detection of pelvic mass and in the 32
cases scanned prior to primary evaluation of suspected ovarian cancer the accuracy was
100% . The two false negative cases were small pin-point lesions at operation. The false
positive findings were clear mass lesions on CT not found during surgery and laparoscopy
and which may have represented non-opacificd bowe! on CT-sean. This stresses the need
for optimal patient preparation for CT scans.

C. Deposits on liver capsule and diaphragm.

In detecting satellite masses on diaphragm and livercapsule, CT has a low accuracy and a
very much lower sensitivity. The true positives consist of 1-10 cm masses on the livercapsule,
and diaphragmatic masses between 1 and 2 cm in diameter. Nevertheless, masses of 1-2 cm
in diameter were missed, even after a review of the films. Whitley et al. (1981) and Amendola
et al. (1981) report similar findings. The most likely reason for the failure of CT to
demonstrate these lesions is their small size and many are also missed at operation (table
7.1) (Bagley et al. 1973). Moreover the position of satellite masses between diaphragm and
liver in a convex plane presents particular technical problems. Only part of this plane will
be visualized in one CT-cut and when the plane is parallel to the scanplane, contrasting of a
small lesion will be very poor due to partial volume averaging {fig. 2.5) especially in the
absence of ascites. Ascites causes a better outline of liver surface and diaphragm resulting
in a greater likelihood of detecting small masses, particularly on the lateral aspect of liver
and diaphragm. Direct coronal CT cuts, as described by van Waes and Zonneveld (1982)
may improve the diagnostic accuracy of CT in diagnosing liver capsule or diaphragmatic
metastases because with this technique the major part of the diaphragm and the liverdome
are perpendicular to the scanplane. The use of consecutive slices with a narrow slice width
may improve resolution and sensitivity, but will also result in higher radiation dose and
examination time, which is hard to justify, since respiratory movement may exclude
significant areas from examination.

When these metastases are large, it is often difficult to determine whether they are fixed to
diaphragm or to liver capsule. Liver capsule metastases may compress or infiltrate the liver
tissue sometimes causing irregularity of the liver contour in CT (fig. 7.10c. and ¢.). However
such an irregular outline only does not prove the presence of capsule metastases since in
one case, showing this phenomenon, a laparotomy revealed no liver capsule lesions. This
patient had already received chemotherapy and it may be possible that the metastases were
destroyed leaving irregularity and fibrosis (fig. 7.10f). In 1 patient (2 CT scans), the liver
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fig. 7.11.

Six cases of ovarian cancer with metastases on omentum, bowel loops and mesentery. a: a round mass
(arrow) on the inner aspect of the ventral abdominal wall (omental mass). b: soft tissue mass {om) on
the inner aspect of the ventral abdominal wall (omental mass) and & mass lesion around the coecum
{m). e: soft tissue mass (om) between the ventral abdominal wall and the left iliacus muscle (omental
mass, infiltrating the sigmoid) and the top of a pelvic mass (m). d: flat ill defined mass between bowel
loops and ventral abdominal wall (om) being a tumour infiltrated omentum and more sharply
demarcated masses (m) along the parietal peritoneum. e: sharply demarcated mass alongside the
bowelloops (arrows). f: stellate pattern of diffuse mesenteric involvement. Compare this figure with
the normal thin mesenteric lines (blood vessels). This pattern is seen in all diseases with peritoneal
thickening : inflammation, haemorhage, radiation enteritis, malignant infiltration (a = ascites),



had a very thin calcified rim (fig. 7.10d) presumably caused by psammomabody calcifications
in capsule metastases. A more dense curvilinear calcification partly around an irregularly
outlined spleen (fig. 7.3a) was seen in a patient with pseudomyxoma peritonei (not included
in this paragraph).

D. Peritoneal implants on bowel loops and mesentery.

The diagnostic accuracy of CT for peritoneal implants between bowel loops and mesentery
is also low, lesions less than 3 cm diameter being missed in 9 patients. Nevertheless, in 7
patients the size and location of peritoneal masses were exactly confirmed at operation. In
one true positive case, CT demonstrated peritoneal mass on the caccum, but surgically this
proved to be part of the large primary pelvic tumour, and there were many peritoneal
implants of 1 cm diameter not seen on CT. These figures are not as good as those of Whitley
et al. (1981) who had no false positive results in determining mesenteric involvement in 22
operatively controlled cases. In 22 patients CT correctly detected peritoneal implant
between bowel loops and on the mesentery and in 6 of these (5 primary evaluation and one
second look), no debulking was possible. Whitley et al. (1982) have described the CT
features of mesenteric involvement and classified these in four different patterns : rounded
masses, ill-defined masses, cake-like masses and stellate pattern. We have also seen these
patterns and frequently two or three of these features were visible in the same slice. 11
defined irregular masses (fig. 7.11d.) or sharply demarcated flat masses (fig. 7.11c.) were
the most obvious CT features, which were often combined with the so called stellate
pattern (fig. 7.11f.). This stellate pattern may be caused by a diffuse mesenteric thickening
due to metastatic seeding. The flat masses are metastatic seedings adjacent to the bowel
loops or adenopathy in the same region (Whitley et al., 1982). They may cause interpretative
problems because of their outline and density may simulate bowel loops or loculated
ascites. Psammoma body calcifications may give all these metastatic deposits a high density
and make them very difficult or impossible to differentiate from suboptimally opacified
bowel loops (fig. 7.5d). 1f there is any doubt, the best way to differentiate tumour from
bowel loop is to re-scan the same region, eventually after renewed bowel opacification. Of
the three false-positives, one was caused by an enlarged follicular ovary with hydrosalpinx
being interpreted as a peritoneal mass but in the other two cases the likely cause was poor
contrast bowel opacification.

The false negative results were caused by miliary depaosits on the visceral peritoneum, a
condition non recognizable on CT unless the mesentery appears thickened.

E. Omental masses.

CT is no more accurate in demonstrating omental masses than in visualizing peritoneal
implants {accuracy 75%}), with no false positives and ninc false negatives. A normal
omentum is fatty tissue and not visible on CT. When a mass was present on the parietal
aspect of the ventral abdominal wall this was quoted as an omental mass (fig. 7.11a-d.) but
in fact this could also be a ventrally located mesenteric mass. There is no CT criterion to
differentiate these both.

F. Liver metastases.
The incidence of liver lesions as detected surgically is low, and a CT accuracy rate of 94%
in this study reflects the high number of true negatives. Although the accuracy of CT in
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7.5.5.
7.5.5.1.

diagnosing liver metastases is stressed by many authors {Bernardino et al., 1982), there is
little knowledge about the accuracy of liver palpation at operation. Hogg and Pack (1955}
compared laparotomy and autopsy findings concerning the presence of liver metastases in
100 patients and guoted an incorrect diagnosis of ” freedom of liver metastases ” at
laparotomy of 5%. Central liver lesions may neither deform the liver contour nor be
palpable, and the liver may be very difficult to visualize or palpate in the presence of
multiple serosal implants and adhesions. Both false-positive patients died shortly after CT
scan and operation, with clinical liver metastases, suggesting that CT is in fact more accurate
than palpation.

In 23 patients who had pre and post contrast scans, four had demonstrable liver lesions
(fig. 7.12), and another had a splenic lesion. In all these cases, lesions were visible on plain
scan, but in one, contrast revealed a larger number of lesions.

The one false-negative case had irregularities on the liver capsule on CT, reported as
capsular metastases, but thought at operation to be intrahepatic. As this would imply a
higher clinical stage, an operative liver biopsy is necessary in view of the ambiguity. In one
truc-positive case, an additional large intrahepatic lesion on the dome of the liver was
missed on CT, and could otherwise have been false-negative. The likely reasons of partial
volume averaging and respiratory movement have already been discussed. These problems
are avoided in ultrasonography because of the continuous nature of the scanning technique
which may be performed in several different planes.

A straight comparison of " presence or absence ™ of intra abdominal disease with the definite
results of the second look procedures yields 4 CT false-negatives and no false-positives, In
other words, CT abnormalities always indicated disease, though with some discrepancy as to
the location, but a normal CT scan could not exclude disease.

CT in treatment monitoring of patients with ovarian cancer.

Method and material.

CT scans performed up to 2 months after initial debulking procedure were assessed for the

amount of residual tissue and compared with operation reports concerning the degree of

debulking. CT estimations of tumour load in ovarian cancer patients, who were scanned
repeatedly but not operated, while on chemotherapy, were studied and classified as

“unchanged”, “increasing” or “decreasing”, according to whether the number of mass

lesions was increased or decreased or the maximum cross-sectional area was changed by

more than 25%. The result of this classification was compared with clinical follow-up.

Finally, scans performed for suspected cancer recurrence were compared with follow-up

findings.

a. In 19 patients CT scan was performed within two months of staging laparotomy (average
24 days), in 14 before chemotherapy and in 5 after the first course of chemotherapy.

b. Nineteen patients with ovarian cancer had "routine follow-up” CT scans, but no
laparotomy, while on chemotherapy. Fourteen had two scans and S had three. Scans
were performed at 3 - 6 months intervals. Sixteen patients received multiple and three
received single drug therapy. In 10 patients the first scan‘'was made 3 to 6 weeks after
the first staging laparotomy, but before starting chemotherapy, and in 9 patients, two or
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7.5.5.2.

a

fig. 7.12.
Patient with many liver metastases from ovarian cancer : CT scan before (a) and after (b) bolus
condrast injection,

b

fig. 7.13.

Ovarian cancer (adenocarcinoma). (a) before operation, (b) after maximal debulking, note the small
residual mass (arrows). {¢) six months later, large recurrent mass (m) with multiple satellite masses
(m}. (U = uterus, r = rectum, o =primary ovarian {umour}

three months after starting chemotherapy. In 16 patients, the last CT scan was made six
months after starting chemotherapy and ten of these had a second look procedure
within 4 weeks of CT scanning. Thirteen patients had complete and 3 partial clinical
remission. Of the 13 with complete clinical remission, 5 had no sccond look but
chemotherapy was stopped and of the 6 with only partial clinical remission 4 had no
second look procedure, and chemotherapy was therefore continued.

c. CT findings in 14 patients scanned for suspected recurrent disease were compared with
clinical or autopsy findings

Results.

A. Table 7.13 compares the CT and operative findings in the 19 patients

Of interest are the 7 cases with residual disease on CT after a reportedly successful maximal
debulking procedure. Of these 7 CT false-positives, 4 (marked *) were scanned 21 - 56



days after operation by which time one course of chemotherapy had been given. One of
these 4 died within 6 months with a severe recurrence and liver metastases predicted by CT
and the other 3 had a complete clinical and CT remission after 6 months chemotherapy. Of
the three other CT false-positives one had a recurrence 4 months fater in exactly the same
location as the primary CT abnormalities (fig. 7.13a-~c) and died, one had a complete
clinical remission after 6 month chemotherapy but the pelvic mass lesion previously seen
on CT was confirmed 4t second look laparotomy (fig. 7.14a-d) and the last had complete
clinical remission but not a CT remission and had no second look operation. The 4 patients
with no surgical or CT residual disease maintained complete clinical remission (one
confirmed by second look) for 9 months after completing treatment.

B. In 9 of the 19 patients scanned two or three times while on chemotherapy the scans
remained unchanged. In 3 of these, all scans were normal, confirmed in 2 by second look
laparotomy, and in one by over 8 months disease-free follow-up. In 6 the last CT scan was
abnormal but unchanged compared with the previous scan, in spite of chemotherapy.
Three of these 6 had complete clinical remission at the time of the last scan, but surgery
showed residual tumour as predicted by CT (fig. 7.15). Two had a partial clinical remission
of which one also had partial surgial remission as demonstrated at second look operation,
and in the other chemotherapy was continued. One patient died two months after last scan
with wide spread discase while on chemotherapy but this was not surgically confirmed.

In 2 of the 19 patients, increasing tumour load was visible on CT and both died within
three months, with progressive disease.

In 7, decreasing tumour load was visible on CT and the last CT scan was normal in 4 (fig.
7.16) and showed residual disease in 3 (fig. 7.14), of which 1 had partial clinical remission
and another complete clinical remission and both had residual abdominal disease at second
look. The other 5 patients all had complete clinical remission, twice confirmed at second
look and twice confirmed by a disease free period, without chemotherapy, of at least 12
months. One patient with residual disease on CT but a complete clinical remission, had
chemotherapy stopped but follow-ap was only 4 weeks,

In one of the 19 patients, the scan 6 wecks after staging and debulking operation showed
widespread pelvic disease, but the scan after 6 months chemotherapy was normal and the
patient was in a complete clinical remission. No second look procedure was done and
chemotherapy was stopped, but a further scan 6 months later clearly demonstrated recurrent
tumour,

C. Thirteen patients were scanned for clinically suspected recurrent disease, 6 while on
chemotherapy and 7, 2 - 12 months after chemotherapy. In 8 cases, the CT suggested
recurrent discase (fig. 7.13.¢). confirmed surgically in 2 and by follow up in 6, and all died
within 3 months of wide spread intra-abdominal disease. In the other 5, CT was normal.
None of these were operated or received chemotherapy after CT, and all had a disease free
follow-up of at least 6 months.

Discussion
It is generally accepted that patients with ovarian cancer (particularly staged 11T and V)



fig. 7.14.

Owarian teratoma : {(a) before operation, (b) two weeks after maximal debulking; note the residual
mass {m}, (¢) after three months post chemotherapy the mass is decreased but has not disappeared.
{d) three months later on, after (changing) chemotherapy and before second look operation, the right
mass is unchanged and the left is decreased in size. (both masses were found during second look the
same day). (B = bladder, R = rectum)

a

fig. 7.15.

Sfm‘us cystadenocarcinoma ovarii : (a) first CT scan after two chemotherapy courses. (b} CT scan
four months later after 6 chemotherapy courses and in a complete clinical remission : CT demonstrates
a smaller pelvic mass (confirmed by second look) but the maximal area was less than 25% changed.

(B = bladder, R = rectum, m = mass)



are candidates for chemotherapy, but its success and the final prognosis, is affected by the
degree of surgical debulking (Neijt et al.,1980). If hystérectomy, bilateral salpingo-
ocophorectomy, omeéntectomy and removal of all visible and palpable metastases on
peritoneum or bowel is possible, this, together with bowel resection if necessary, should be
done. Such an operation taxes the skills of both gynaecologist and surgeon. However many
patients already have wide spread disease, precluding maximal debulking, as was the case
in 17 of the 32 untreated patients in this study, (paragraph 7.5.4.1.). In such cases a base-line
CT study would be necessary to moniter the chemotherapeutic response.

Postoperative base-line CT was done in 19 patients, but 11 of these had maximal debulking,.
Notwithstanding CT showed pelvic mass lesions in 7 of these cases. In one patient this was
an asymmietrical solid mass with caleifications (fig. 7.14) decreased in size by chemotherapy
and proving at second look operation 6 months later to be residual tumour, Proof of the
nature of the CT abnormalities was impossible in the other patients because all were
treated and the lesions changed or disappeared. Some masses were very large, and the
operation report mentioned no significant bleeding. Intra-abdominal blood collections are
easily identified with CT but distinction from other mass lesions may be very difficult. The
density of a fresh blood clot is 40 - 60 H.1U., further increasing during the first week due to
resorption of plasma, and thereafter decreasing in volume and density due to haemolysis
and resorption over weeks or months (fig. 7.17). During this time, hypodense masses may
be visible on CT, then often disappear completely. A haematoma may, however, organize,
and become fibrotic or even calcify, and appear in CT as a solid or calcified mass lesion
(Von Klaus et al., 1981). Bolus contrast injections do not improve distinction from other
mass lesions. In the initial phase, a haematoma shows no contrast enhancement but in the
organizing phase, irregular contrast enhancement, particularly peripherally, may be visible
(Von Klaus et al. 1981 : Baert et al. 1980). Any or all of these features may be seen in
malignant ovarian tumour, making differentiation more or less impossible.

Also in the 7 cases of maximal debulking and residual disease on CT, 4 masses appeared
solid, 2 cystic and 1 mixed on CT. Density was unrelated to time between CT and operation.
The cystic masses were found 21 and 34 days postoperatively, the solid lesions 21 - 42 days,
and the mixed lesion 56 days postoperatively, Free blood will collect in the most dependent
part of the pelvis, the pouch of Douglas, and around the rectum, respecting normal
peritoneal borders. This is the likely explanation of symmetrical masses in the pouch of
Douglas, draped around the rectum,

In a case of intraperitoneal bleeding of unknown origin, this sign of "respecting anatomical
borders ” was very clearly secn on CT 4 and 7 days after the accident (fig. 7.17a). In 2 of
the 7 cases, this phenomenon was visible and both had complete clinical remission after
chemotherapy. Nevertheless this phenomenon makes the interpretation of CT scans
shortly after debulking procedure very difficult, and it would be better to make the
"baseline™ scan 2 - 3 months post operatively because the majority of haematomata will
have then resorbed.

The drastic nature of chemotherapy and its considerable risks when prolonged make
accurate assessment of tumour response essential (Reimer et al., 1977). Clinical parameters
are unreliable, particularly in patients with non-palpable lesions and a second look
laparotomy is therefore required. It is indicated (a) to discontinue therapy, (b) prior to
resection of residual disease and (¢) to map out residual disease requiring a change of
treatment (Phillips et al., 1979). A negative second look procedure allows the physician to
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fig. 7.16.

Serous cystadenocarcinoma ovarii : (a) first CT scam one month and one course chemotherapy after
maximal debulking demonstrated a residual pelwic mass. The second CT scan after 6 months {and 5
chemotherapy courses) was normal (b). Chemotherapy was stopped without a second look and patient
refused further therapy. (B = bladder, bo = bowel, m = mass)

fig. 7.17.

Two cases of haematoma. a: acute intraperitoneal hacmatoma (h). Note the high density and its sharp
demarcation with bladder (B) and rectum (r). b: four weeks old haematoma (h) ventral to the bladder
{B). Note its low density and the contrast enhanced rim.

discontinue cytotoxic agents, but the problem is to decide when this should be done, being
dependent on the amount of residual tumour after debulking, the histologic type and grade
of the tumour and the cytotoxic agents used, and will vary from patient to patient.
Paragraph 7.5.4. demonstrates that a normal CT scan does not exclude residual disease,
which would be very likely with an abnormal scan, Paragraph 7.5.5.2.B. demonstrates that
it is possible to monitor tumour response with CT. Stable disease on CT indicates that
tumour is still present and a change of therapy or a laparotomy to remove the residual
tumour may be indicated. Increasing tumour load on CT is a very ominous sign making a
change of therapy mandatory. Decreasing tumour load may allow the clinician to continue
therapy and wait till a subsequent CT scan is normal before doing a second look
procedure.
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7.6.

A final word of caution is required. Three patients with non-gynaecological malignancies
(2 histiocytomas and 1 non-Hodgkin lymphoma), not forming a part of this study, were
treated with chemotherapy and had CT evidence of residual tumour which proved
histologically to be non malignant fibrotic mass. Similar cases are described in literature
(Soo et al. 1981, Lewis et al. 1982). As this is just as likely to occur in ovarian cancer
patients, persistent masses on CT over a long period, should not be an indication for
prolongation or changé of treatment without histological confirmation of malignancy.

Conclusion.

1. CTis a very reliable diagnostic method in diagnosing and excluding pelvie mass lesions.

2. The inability of CT to demonstrate small peritoneal implants limits its role in staging
ovarian cancer.

3. CT scems very helpful in monitoring tumour response to treatment in patients with
ovarian cancer, and, although it cannot replace the second look operation, it can help
to determine the optimal time for this procedure.
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Chapter VIII

Summary and conclusions

Computed tomography (CT) has added a new dimension to the field of diagnostic imaging
but its effective use depends on both radiologist and clinician understanding its limitations
and potentials. Today, CT has a firm basis in the field of oncology in general and is already
frequently used in diagnosing and staging gynaecological malignancies. This study has
provided more information on this subject, from which certain useful conclusions about
the practical application of CT in gynaecology can be drawn.

As a preliminary to any conclusion about CT in oncological pathology, some conclusions
must be drawn from the anatomical study of chapter HI. It is a fact that many CT features
described in the literature in cases of gynaccological malignancies have been assumed to be
abnormal without any adequate description of the corresponding CT features in healthy
women. For this purpose a CT study of the female genital tract of 42 "gynaecologically
normal” women was performed. The wide range of measured cervical and uterine size has
a substantial overlap with the ranges suggested as pathological in literature and with
measurements obtained in patients with cervical and endometrial cancer in this study,
indicating that absolute measurements have little meaning. Surgical comparisons were not
possible in the normal anatomy study, but the findings in chapter V revealed a substantial
discrepancy between the right-left diameter of the cervix as measured by CT and on surgical
specimens, implying that the image regarded as cervix on CT may in fact contain a proportion
of the surrounding structures (probably vaginal vault). Soft tissue strands from the cervix
into the parametrium or irregular lateral cervical borders, regarded in literature as sign of
tumour involvement, are in fact frequently seen in the normal subject.

An important observation from the study of contrast uptake by the normal uterus is, that
the final enhancement is substantially higher in the uterine smooth muscle than in gluteal
striated muscle, with a slow uptake and a subsequently long wash-out period, so that the
myometrium is maximally enhanced 1 - 5 minutes after bolus contrast injection.

Both in normals and in patients with uterine malignancies, the uterus in plain (pre contrast)
CT scans appears as a homogencous featureless soft tissue mass, whercas after bolus
contrast injection, very impressive abnormalities can be scen within the uterus in patients
with endometrial cancer and choriocarcinoma. In cervical cancer, the cervix in the pre
contrast scan appears more or less homogeneoous whereas in the post contrast scan, an
area of slightly lower density can be seen within the cervix presumably representing the
tumour.



In an atiempt to test the reliability of CT in detecting parametrial involvement in untreated
patients with cervical cancer (chapter IV}, the CT scan interpretations of two observers
were compared with the clinical findings in 48 patients and with surgery in 24. Parametrial
soft tissue mass extension on CT shows a high degree of interobserver variability in its
estimation and correlates poorly with both physical examination under anaesthesia and
surgery, and is therefore an insufficiently reliable sign to influence treatment. With regard
to lymph node involvement, the CT accuracy rate was only 75%, possibly due to the
presence of many small deposits in normal-sized nodes, but, whatever the reason, the
accuracy rate is insufficient for diagnostic and therapeutic purposes. However, there was
only one false-positive case and therefore enlarged nodes found with CT should be taken
seriously enough to proceed to further investigations like percutaneous (CT guided) lymph
node puncture.

Inn 3 of the cases of untreated cervical cancer the IVU was abnormal, resulting in a [Ib
stage and in all three cases CT demonstrated a soft tissue mass as cause of the ureter
obstruction, but in only one of the 4 cases of presumed bladder wall invasion seen with
cystoscopy, this was also visible on CT. The only case of sigmoid invasion was not seen in
CT. It can be concluded from this study that CT is unreliable in diagnosing parametrial
invasion and cannot therefore assist in the therapeutically important differentiation between
Ib and IIb lesion. Although enlarged nodes can be seen with CT, metastastic nodes are
frequently not enlarged and cannot therefore be identified with CT. CT was less accurate
in diagnosing bladder wall and sigmoid invasion than cystoscopy and sigmoidoscopy
respectively and cannot therefore replace these procedures. However CT was as accurate
as L.V U. in diagnosing ureteric obstruction, and could also demonstrate the cause of the
obstruction. For these reasons, CT is not indicated as a routine procedure in cervical
cancer staging, particularly not in the early clinically stages. 1t may, nevertheless, be
possible to make measurements of tumour bulk on CT, and this may have implications in
the identification of high risk patients but abnormalities in CT must be confirmed either
cytologically or histologically.

CT has a very important place in the diagnosis of recurrent cervical cancer but gives no
information about the possibility of a solitary central recurrence, so cannot replace routine
clinical follow-up procedures like physical examination, colposcopy and cytology. When a
central recurrence is proven histologically, CT can be used to demonstrate the extent of
disease and when CT is normal the patient is a candidate for curative surgery. However,
when recurrence is suspected on clinical grounds, especially back pain, CT is the examination
of first choice, but must include the whole pelvis and abdomen, because in 6 of the 14 cases
with recurrent discase, all abnormalities would have been missed, had only the pelvis been
scanned. CT is not indicated for routine follow-up, because it gives many false-positive
findings, presumably caused by fibrosis, which in itself may produce progressive CT
changes.

Although this study has revealed no specific CT signs for endometrial cancer (chapter V),
the presence of a central luceney in the postmenopausal uterus with a diameter of at least
35% of the uterine diameter should be regarded as an indication of uterine pathology
necessitating further gynaecological examination. The majority of such lucencies was only
visible on post contrast scans. Small central lucencies were also visible in the normal control
group but these were significantly smaller compared with those in the cancer patients. (p «
0.001, Student t test). There may be a relationship between these lucencies and the extent
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of disease, because 4 of the 5 cases without this luceney had stage Ia disease, 3 having little
or no myometrial invasion. The fifth was operated 255 days after CT scanning. CT predicted
2 of the 3 cases of parametrial involvement but there was also one false-positive and one
false-negative finding indicating that CT is no more accurate in this patient group than in
cervical cancer.

Another conclusion which can be drawn from this study is that the presence of cystic
ovarian lesions in postmenopausal patients with endometrial cancer should be taken
seriously since there was a high incidence of concurrent ovarian malignancy.

This study was only done to describe CT features of endometrial cancer not to find arguments
for the use of CT in staging the disease. As already mentioned, the diagnosis “endometrial
cancer” is made by fractional curettage and histological examination, and as the majority
of patients is in the early stage of disease and will be treated with surgery, there is no need
for an accurate preoperative display of tumour extend in all these patients. CT scanning is
therefore only indicated when the diagnosis is doubtful or when an additional mass is
palpable which cannot be diagnosed with ultrasound.

However, CT scanning seems indicated in patients with symptoms suggestive of recurrent
endometrial cancer and, as in recurrent cervical cancer, its diagnostic reliability is high.

In chapter VI the CT features of gestational trophoblastic disease (GTD) as seen in one
patient with hydatiform mole and 4 with invasive mole or choriocarcinoma are described.
Tumour invasion of the myometrium could be clearly demonstrated provided the CT scans
were made after bolus contrast injection, and tumour spread outside the uterus could be
seen in one patient. Comparison of bolus contrast CT scans before and after chemotherapy
in four patients and with the surgical specimen in one suggests that, as in angiography, the
CT diagnosis "viable trophoblastic tumour” can only be made by demonstrating contrast
lakes. Hypodense areas in only post bolus contrast scans may be caused by necrotic tissue.

The ovarian cancer study (chapter VIT) revealed no CT signs specific for ovarian malignancy.
The only specific sign is that a smoothly bordered homogeneous cystic mass on CT is
reliable evidence of the presence of a cyst. Complex and solid lesions, with or without
calcifications may be benign or malignant and also the presence of ascites gives no definite
indication of malignancy. Nevertheless, in a series of 88 consecutive patients with clinically
suspected ovarian tumour, a normal CT scan excluded this diagnosis. Sixty-seven of these
patients had a palpable pelvic mass and in 6 of them this mass could not be seen with CT
and none of the 6 in fact had a pelvic mass lesion. However a visible pelvic mass in CT
always indicated disease although frequently with no specific indication as to the diagnosis.
A combination with ascites and especially satellite masses suggested malignancy although
in 4 cases the disease was in fact benign.

The use of intravenous contrast medium is frequently essential, not only to identify bladder
and ureters but also to make a more accurate or specific diagnosis possible, and the use of
bowel contrast is mandatory to prevent false-positive diagnosis.

The correlation between CT and operative findings in 60 patients with proven ovarian
cancer is not high enough to justify abandoning a purely diagnostic second look procedure,
unless the CT is clearly abnormal, and there is no intention of carrying out further debulking.
Although the diagnostic accuracy of CT for ascites, liver metastases and pelvic mass lesions
is acceptable, the high number of false-negatives makes it quite unacceptable for the
detection of intraperitoneal spread.
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CT had no important role in the primary evaluation and diagnosis of ovarian malignancies
but looks very promising for treatment monitoring. The first CT scan should therefore be
made 2 - 3 months after the (debulking) laparotomy to avoid false-positive interpretation
duc to the presence of unresolved haematomata but when the diagnosis is made by needle
biopsy only, the scan can be made immediately. Subsequent sequéntial CT scanning should
be carried out throughout the treatment period for as long as abnormalities remain visible
and CT may make it possible to plan chemotherapy and the timing of second look operations
on an individual base.

In general, computed womography has no important role in the primary evaluation of
gynaecological malignancies but is very reliable in diagnosing recurrent disease and is therefore
the imaging examination of choice in patients with suspecied or proven recurrences.
Furthermore, CT is very promising in the evaluation of tumour response 1o therapy in
patients with ovarian cancer but this requires further study, using volume determination of
CT definable masses.
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SAMENVATTING

Computer tomografie (CT) speelt sinds de introductie ervan in 1972 een belangrijke rol in
het onderzoek van de hersenen en wordt hiervoor sindsdien op grote schaal toegepast, De
betekenis van CT voor het onderzoek van de rest van het lichaam was in het begin minder
duidelijk, maar nu is zeker dat een der belangrijkste indicatiegebieden gelegen is in de
ancologic. Dit onderzoek beoogt meer informatic te verschaffen over de mogelijkheden
van CT in de gynaecologische oncologic.

In een gedeeltelijk retrospectief, gedeeltelijk prospectief onderzock worden de resultaten
van 361 CT scans bij in totaal 259 patienten die verdacht werden van of bekend waren met
cen maligne gynaecologische tumor vergeleken met de bevindingen bij operatie enfof
klinisch onderzoek. Deze patienten waren afkomstig uit de regio zuid en midden-limburg
en werden verwezen door de gynaecologen uit vijf verschillende ziekenhuizen naar de
afdeling radiodiagnostick van het de Wever Zickenhuis in Heerlen of het St. Annadal
Ziekenhuis in Maastricht voor het maken van cen CT scan. Het klinisch onderzock en de
behandeling werd uitgevoerd door de verwijzend gynaccoloog.

Na de inleiding (hoofdstuk I) wordt in hoofdstuk 1T het basisprincipe van CT besproken,
Vervolgens wordt kort ingegaan op de specificaties van de in deze studie gebruikte CT
scanners {Philips Tomoscan 300), waarna de tocgepaste scanprocedure sn
paticntenvoorbereiding wordt beschreven.

It hoofdstuk T wordt de normale CT anatomie van het vrouwelijk kleine bekken
beschreven. Deze beschrijving is gedeeltelijk pebaseerd op de literatuur. Door het
ontbreken van informatie over de interpretatie van normale CT beelden van de genitalia
interna zijn retrospectief de bekken CT scans van 42 patienten zonder afwijkingen aan de
genitalia interna beoordeeld. Uit deze studie blijkt dat de afmetingen van cervix en corpus
uteri sterk varieren en dat de laterale begrenzing van de cervix meestal niet scherp is, doch
rafelig met uitlopers in het parametrium. Dergelijke vitlopers zijn in de literatuur wel
beschreven als teken van tumori

iltratic. Bij 10 van deze paticnten was het bovendicn

mogelijk de contrastopname in uterus, glutcusmusculatuur en bekkenvaten na bolus

contrast injectie te meten en in de tijd te vervolgen. Hieruit blijkt dat de uterus veel meer
contrast opneemt dat de gluteus spier, en dat dit contrast slechts langzaam weer wordt
afgegeven. De tijd van maximale contrastversterking van de uterus ligt tussen de 1-5
minuten na bolusinjectie.

Floofdstuk IV begint met ecn literatuurstudie over de betekenis van conventionclc
rontgentechnicken en CT in het disseminatic onde rzock van onbehandelde paticnten met
cen cervix carcinoom. Vervolgens worden in cen gedeeltelijk retrospectief gedeeltelijk
prospecticf onderzock 56 patienten met ecn infiltratief cervix carcinoom met behulp van
CT gestageerd. De CT scans zijn door twec radiologen onafhankelijk van elkaar beoordecld,
gebruikmakend van in de literatuur beschreven kriteria voor pathologie, die op grond van
de bevindingen uit hoofdstuk 111 iets gemodificeerd zijn. De CT stadia worden vergeleken
met de klinische (F.1.G.0O.) stadia (48 patienten) en met bevindingen bij operatic (24
patienten). De CT interpretatic van beide waarnemers betreffende parametrium infiltratic
blijkt vaak te verschillen, hetgeen samen met de slechte correlatie met zowel de klinische
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als de chirurgische bevindingen aantoont dat parametrium infiltratic computertomografisch
niet betrouwbaar te diagnostiseren is. Ook de nauwkeurigheid van CT bij het opsporen
van lymfkliermetastasen is laag (75%), hoewel in deze serie met slechts een vals-positieve
bevinding. Bij 3 patienten toont het 1. V. U. een distale ureterobstructie en bij alle 3 is de
obstructie en de tumormassa als oorzaak van de obstructie computertomografisch
richtbaar.. Bij slechts een van de 4 patienten met blaaswand infiltratie is dit
computertomografisch zichtbaar, terwijl bovendien bij een van deze patienten sigmoid
ingroei gemist is. De conclusie die uit deze studie kan worden getrokken is dat CT
onbetrouwbaar is in het aantonen van parametrium infiltratie bij het cervixcarcinoom. Het
therapeutisch belangrijke onderscheid tussen stadium IB en [I1B kan computertomografisch
nict gemaakt worden. CT is even nauwkeurig als het 1.V.U. in de diagnostiek van
ureterobstructie, maar minder nauwkeurig dan cystoscopie en sigmoidoscopie bij het
aantonen van resp. blaaswand en sigmoidinfiltratie. Bovendien worden lymfklieren met
metastasen vaak nict als zodanig herkend, aangezien ze niet vergroot zijn. Om deze redenen
is CT niet geindiceerd in het routine disseminatie onderzoek van patienten met een cervix
carcinoom, met name miet bij de klinische stadia Ien LI A. Misschien dat CT wel een rol
kan spelen in de initi¢le screening van patienten met een cervix carcinoom stadium 11 B-1V
en wel om de grootte en uitgebreidheid van de tumor in beeld te brengen en zo high risk
patienten te identificeren. Computertomografische afwijkingen mocten dan wel cytologisch
of histologisch bevestigd worden.

Vervolgens worden de resultaten van CT beschreven bij 48 patienten (65 CT scans), die
behandeld waren voor een infiltratief cervixcarcinoom en al of niet verdacht werden van
ecn recidief. Met maximaal twee vals negatieve bevindingen waarvan er achteraf cen op
cen interpretatiefout blijkt te berusten, zijn alle recidieven (14) die niet beperkt blijven tot
uterus of vagina duidelijk zichtbaar. Het groot aantal vals-positieve bevindingen,
waarschijnlijk veroorzaakt door bestralingsfibrose, bevestigt nogmaals dat
computertomografische afwijkingen histologisch of cytologisch bevestigd moeten worden.
Bij 6 van de 14 patienten met een recidief zouden alle afwijkingen gemist zijn indien alleen
het bekken gescand was. CT lijkt daarom vooral geindiceerd bij patienten die op kiinische
gronden verdacht worden van een recidief maar dan moeten zowel bekken als bovenbuik
gescand worden. Indien bij een histologisch bewezen centraal recidief (alleen in uterus of
vagina) de CT scan normaal is, dient curatieve chirurgie overwogen te worden. Het groot
aantal vals-positieve bevindingen beperkt echter de waarde van CT in het routine follow-up
programma.

Hoofdstuk V geeft een korte inleiding over de betekenis van conventionele
rintgentechnicken en CT in het disseminatie onderzoek van het endometriumcarcinoom.
Vervolgens worden de CT beelden beschreven bij 22 patienten met een
endometriumcarcinoom en vergeleken met de chirurgische en pathohistologische
bevindingen in 21 patienten. Een opheldering in het corpus uteri, vaak alleen zichtbaar na
intravencuze contrast injectie blijkt een belangrijke indicator voor pathologie, maar is niet
specifick voor het endometriumcarcinoom. Dergelijke ophelderingen worden ook gezien
in de retrospectieve studie uit hoofdstuk I11 (normale anatomie), maar zijn dan wel veel
kleiner. Hiceruit wordt geconcludeerd dat een opheldering in het corpus uteri met een
diameter van meer dan 35% van de totale uterus diameter een indicatie is voor pathologie
en verder gynaecologisch onderzock vereist. Mogelijk is er een relatie tussen de
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aanwezigheid van deze opheldering en de grootte van de tumor, aangezien 4 van de 5
patienten zonder deze opheldering slechts een kleine tumor hadden (stadium TA) en 3
patienten minimaal of geen myometrium infiltratie. Parametrium infiltratic lijkt bij deze
patientengroep met CT niet nauwkeuriger aantoonbaar dan bij patienten met een cervix
carcinoom. Vergrote of cysteus veranderde ovaria zijn een belangrijke bevinding aangezien
dit in deze serie frequent gepaard gaat met maligniteit in deze ovaria.

Deze studie is nitgevoerd om de CT beelden van het endometriumcearcinoom te beschrijven
en niet om argumenten te vinden om CT te gebruiken bij het stageren. De diagnose
endometriumcarcinoom wordt meestal vroegtijdig gesteld d.m.v. gefractioneerde curettage
en histologisch onderzoek en er is geen behoefte aan een pre-operatieve afbeelding van de
tumor bij alle patienten. CT is daarom alleen geindiceerd indien er twijfel bestaat aan de
diagnose of indien bij klinisch onderzoek abnormale weerstanden in het kleine bekken
worden vastgesteld.

CT is bovendien geindiceerd bij patienten die verdacht worden van een recidief
endometriumcarcinoom, aangezien dit recidief bij 8 van de 14 patienten kon worden
aangetoond zonder vals-negatieve en met slechts twee vals-positieve bevindingen, waarvan
er een veroorzaakt werd door een slechte patientenvoorbereiding.

In hoofdstuk VI worden de CT beelden beschreven bij een patiente met een mola hydatidosa
en 4 patienten met een chorionepithelioom. Tumorinfiltratie in het myometrium was
computertomografisch goed zichtbaar, maar alleen in CT scans die gemaakt waren na
bolus contrast injectie. Ook tumorgroei buiten de uterus kon bij een patiente worden
aangetoond. Een vergelijking tussen de scans voor en na chemotherapie suggereert dat,
evenals bij arteriografie, de CT diagnose maligne trophoblast woekering alleen te stellen is
door het aantonen van kleine contrastmeertjes (vascular-lakes) in de tumor.

Hoofdstuk VII geeft een beknopt literatuuroverzicht over de betekenis van de verschillende
beeldvormende technicken bij het diagnostiseren en stageren van het ovariumcarcinoom.
Vervolgens worden de resultaten van CT beschreven bij 88 patienten die om verschillende
redenen verdacht werden van cen ovariumcarcinoom. Nagegaan is of bepaalde beelden
specifick zijn voor een benigne of maligne ovarieel proces. Dit blijkt nict het geval, hocwel
een volledig glad begrensde homogene cysteuze tumor altijd cen benigne cyste was.
Complexe en solide tumoren met of zonder calcificatics en zelfs met ascites, kunnen zowel
op benigne als op maligne processen berusten. Indien er ook nog tumoren elders in de buik
worden gevonden is er meestal sprake van maligniteit, hoewel in deze serie ook dan nog
bij 4 patienten het proces goedaardig was. Zeven en zestig patienten hadden een palpabele
bekkentumor, doch deze tumor was bij 6 van hen computertomografisch nict zichtbaar en
deze patienten bleken uiteindelijk ook geen tumor te hebben. Een normale C1 scan sloot
in deze serie de diagnose ovariumtumor uit.

Het toedienen van intraveneus contrast blijkt vaak van belang om blaas cn ureteren te
markeren of om een meer specificke diagnose mogelijk te maken, terwijl oraal contrast
noodzakelijk is om vals-positieve bevindingen te voorkomen.

Vervolgens zijn de chirurgische bevindingen bij 60 patienten met cen ovariumearcinoom

(30 primaire stageringslaparotomieén, 2 primaire stageringslaparoscopicén, 21
herstageringslaparotomieénen herstageringslaparoscopieén) vergeleken met de resultaten
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van CT van bekken en bovenbuik. Uit deze studie blijkt dat de nauwkeurigheid van CT in
het aantonen van ascites, levermetastasen en bekkentumoren hoog is, maar dat metastasen
in het omentum, aan de diafragmakoepels en op het leverkapsel en het peritoneum vaak
nict zichtbaar zijn (veel vals-negaticve, maar weinig vals-positieve bevindingen). Hieruit
wordt geconcludeerd dat CT van belang kan zijn voor het aantonen of uitsluiten van
tumoren in het bekken, maar dat een meer specificke diagnose met computertomografie
vaak ommogelijk is. Bovendien speelt CT geen rol van betekenis bij de initiéle stagering
van het ovariumcarcinoom gezien de lage nauwkeurigheid van deze techniek in het aantonen
van intraperitoneale tumorverspreiding.

Bij 19 patienten met een ovariumecarcinoom, van wie tijden de behandeling met
chemotherapie meerdere CT scans gemaakt zijn, wordt gepoogd de response van de tumor
op de ingestelde therapie te meten. Dit lijkt mogelijk en het tijdstip van
herstageringslaparotomie (2g. second look operatie) zou mede met behulp van CT bepaald
kunnen worden, Uit een vergelijking tussen de resultaten van de initiéle stagerings- en
debulkingsoperaties en kort na deze ingreep gemaakte CT scans (19 patienten) blijkt dat
de ecrste uitgangs CT scan niet onmiddelijk postoperatief, maar pas na 2-3 maanden
gemaakt moet worden omdat een scan kort na een dergelijk grote ingreep vaak
interpretaticproblemen oplevert, aangezien een haematoom niet met zekerheid van restant
tumor is te onderscheiden. Vervolgens moet tijdens de behandelingperiode met cytostatica
de CT scan om de 2-3 maanden herhiaald worden. Bij een normale scan kan een
herstageringslaparotomie overwogen worden, maar het is niet juist om vanwege cen
normale CT scan deze operatic achterwege te laten. Indien computertomografische
afwijkingen zichtbaar blijven en eventuele debulking niet meer zinvol wordt geacht kan
van deze ingreep worden afgezicn. Wel moet getracht worden met behulp van cytologisch
onderzoek eventuele CT afwijkingen te bevestigen. Het percutaan puncteren van verdachte
gebieden kan op geleide van CT scan gebeuren.

Het is bovendien goed mogelijk met CT recidieven van een ovariumcarcinoom aan te
tonen of uit te sluiten, aangezien alle recidieven (8) uit cen groep van 13 patienten die
verdacht werden van een recidief computertomografisch herkend werden.

Geconcludeerd wordr dat CT geen belangrifke rol speell bij de primaive evaluatie en
diagnostiek van maligne gynaecologische tumoren, doch dat deze techniek een waardevolle
aanwinst is bij de diagnostiek van recidieven. Bovendien lijki CT een veelbelovend middel
am bij patienten met een ovariumearcinoom de response van de tumor op de ingesielde
therapie te meten en op deze manier de therapie te individualiseren. Verder onderzoek
hierover is echiter noodzakelijk.
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APPENDIX |

BEVINDINGEN GYNAECOLOGISCH ONDERZOEK Bl PATIENTEN MET EEN
INFILTRATIEF CERVIX CARCINOOM.

Naam . Diagnose
geb. datum .. Histologie

jaar en mnd diagnose ...

Gynaecoloog Dr. ... {indien mee gynaccologen toucheren, meerdere
tormulicren invullen.

Toucher d.d. . in narcose ja L1 neen ]
Uterus normaal [ anteflexie [J mobiel ja L1 neen [

strekstand [

retroflexie [

vergroot [ omschrijving

sondelengte

Parametrium

vrij

minder dan % geinfiltreerd
meer dan Y2 geinfiltreerd
{niet tot bekkenwand)

OO Ome
oo

00

tot bekkenwand

Lig. Sacro-uterinum

L
O

normaal

minder dan voor de helft

getnfiltreerd

meer dan voor de helft

geinfiltreerd -

Adnexa

niet palpabel ] £

wel palpabel £l ]

normaal [ -

vergrool ] ]

Speciale technieken niet THOF- afwij- omschrijving
witgevoerd ERY kemd

X-thorax
X-colon
rectoscopic

fv.p.

cystoscopie
leverscintigralic

echografie

oDodoboono
oooodoon

ogooooooo

renografie

Klinisch stadium

Therapie
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APPENDIX I]

OPERATIEVE BEVINDINGEN BIJ PATIENTEN MET CERVIX CA 1 EN [IA

naam patient ...

geb. dat.

jaar en mnd diagnose .

Gynaecoloog Dr. o

Diagnose

Histologie

Bevindingen:

lever

klierstations

para-aortaal (alleen palp)
presacraal

iliaca comn. re.

iliaca comm. li.

iliaca ext. re. (cran. v. Poupart)
iliaca ext. li. (cran. v. Poupart)
iliaca ext. re. (caud. v. Poupart)
iliaca ext. li. (caud v. Poupart)
hypogastrica re,
hypogastrica li.

uterus

re. adnex

l. adnex

parametrium re.
parametrium .

Overige bevindingen ...

et

onderzocht

Uiuooooooaboooaod

type operatie

nor-
mwaal

O0Oo0oOoo0ooooboooooodg

afwij

kend

Omschrijving grootte in mm

en plaats (zie rekening)

ouboooonooboobonnogo




D.

APPENDIX 11
VERSLAG BEVINDINGEN DEBULKING OPERATIE OVARIUMCARCINOOM

Naam patient ... DIRNOSE e
2eD. datUMl e Histologie

Jjaar en mnd. diagnose Chemotherapie gehad ja [ neen [J
gynaecoloog Dr. welke

aantal Kuren ...

klinische remissie ja L1 neen [

Omschrijving en grootte en aantal
Bovenbuik Normaal van de gevanden afwijkingen
diafragmakoepel re.

diafragmakoepel li.

lever

milt

nieren

omentum supra col.
omentum infra col.
Middenbuik

maag

jejunum

ileum

coecum

colon-ascendens

colon-descendens

colon-transversum
Kleine bekken:
Uterus

re. adnex

. adnex

peritoneum
cavum Douglasi
blaas

ureteren

oot oooonoooo oooduaad

sigmoid/rectum

Klieren: O e e
para~aortaal [ e
kleine bekken re. El et e et et
kleine bekken li. O

Optimale debulking mogelijk geweest dwz. residual disease < 2 cm I 0 neen L]

Na debulking residual disease > 2 cm Ja [j neen L

Debulking onmogelijk geweest it [ neen [
Omschrijving waar tumor is achrergebleven en hoe groot zijn deze tumoren:



APPENDIX TV

The decision matrix (table 1) has been frequently used to evaluate diagnostic procedures.

It relates the results of a diagnostic test with a binary outcome (normal, abnormalj to

clinical or pathological findings, also with a binary outcome (disease, no disease).

Table 1.

A general decision matrix (McNeil and Adelstein, 1976).

Disease Disease
present absent
Test Results (D4+) (D~} Total
Abnormal (T+) a ¢ atce
Normal (T-) b d b d
Total a+b +d a+b+c+d
Sensitivity (TPR) =2
a-+b
Specificity (TNR) = _d_
¢ +d
Accuracy =__atd

a+b+c+d

Four ratios, which can be derived from this table, are used in this thesis:

TPR = true-positive ratio (= sensitivity), is the proportion of positive tests in all patients

with discase, afa +b.

FPR = false-positive ratio is the proportion of positive tests in all patients without discase,

cfc 4+ d.

TNR = true-negative ratio (= specificity), is the proportion of negative tests in all patients

without discase, dfc + .

FNR = false-negative ratiois the proportion of negative tests in all patients with discase,

bla -+ b.

References:

McNeit, B.J. and Adelstein, S.J.

Determining the value of diagnostic and screening tests.

I Nucl, Med.: 17:439-448 1976,
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