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ABSTRACT

Ultrasound (US), computed tomography (CT) and magnetic resonance imaging (MRI) are the “gold standard” among
gynecological imaging methods. They are important diagnostic tools used to determine the site of origin of a pelvic mass
and to characterize the adnexal lesions. This paper summarizes the diagnostic performance of ultrasound, computed
tomography, and magnetic resonance imaging in various gynecological diseases and tumours diagnostics.
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INTRODUCTION

Pathological lesions within the female reproductive
system organs are classified by clinical, surgical and histo-
pathological criteria. The American College of Radiology
(ACR), National Comprehensive Cancer Network (NCCN) and
the International Federation of Gynecology and Obstetrics
(FIGO) revised the recommendations for diagnosticimaging
in cancer detection and staging [1, 2]. European recommen-
dations are also commonly used [3].

Nowadays there are several diagnostic methods used
before and after treatment in gynecology, all of them hav-
ing some advantages and limitations. Accurate diagnosis
requires comparison of clinical data and results achieved in
diagnosticimaging, and depend on the diagnostic tool and
radiologist’s level of experience. The gynecological imaging
“gold standards”are ultrasound (US), computed tomography
(CT) and magnetic resonance imaging (MRI). These methods
are useful for determining the site of origin of a pelvic mass
and to characterize the adnexal lesions [3-10].

Ultrasonography is the primary imaging technique in
patients with clinical symptoms like abnormal uterine bleed-
ing, endocrine disorders, pelvic pain, gynecologic infections
and female pelvic lesions. In many cases US has important
role in the primary diagnosis of ovarian cancer, the assess-
ment of the tumor in the pelvis and abdominal cavity. For
proper diagnosis of pelvic and abdominal organs combina-
tion of trans-abdominal (TAUS) and trans-vaginal US (TVUS)
is needed. Those techniques may be successfully applied for
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assessment of an origin of different adnexal masses using
IOTA Simple Rules or, in more experienced hands, ADNEX
models [11]. It should be remembered that the range of
the probe in TVUS is specific and in some cases it does not
allow for a full assessment of pelvic pathology, neither for
the assessment of pelvic lymph nodes. According to ACR
recommendations (2016), if there is a large lesion in pelvis
that is outside the ultrasound probe range, transabdominal
ultrasound should be performed. For an accurate assess-
ment of both the abdominal cavity and pelvis, we should
perform both TAUS and TVUS examinations. TAUS
should be performed in two phases, with a full bladder first,
to evaluate the uterus and bladder. When the bladder is full,
the reproductive organ can be examined, and if we find a tu-
mor, we can possibly assess its relation to adjacent organs,
bladder infiltration, ureter infiltration, and find the cause of
stagnation in the kidneys (differentiation between infiltra-
tion and urolithiasis). Next, the post-voiding examination
should be performed to evaluate the parenchymal organs
of the abdominal cavity, the aortic space and lymph nodes
around theiliac vessels and possible peritoneal tumor cells.

Computed Tomography (CT) is the primary method used
to assess the stage of cancer. A CT should be performed
before and after intravenous administration of the contrast
medium and after oral administration of the contrast me-
dium. Positive oral contrast agents are useful for intestinal
and peritoneal tumor cells detection and differentiation of
lesions and lymph nodes in the aortic space with intestinal
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loops. Examination after oral administration of contrast me-
dium is particularly useful in debilitated patients. Negative
oral contrast agents are useful for calcified tumor detection.
Lesions in the peritoneum with more than 10 mm of width
in the short axis are visible on CT scan. Peritoneal tumor
implants smaller than 10 mm may be difficult to detect,
especially if they are not accompanied by ascites. If lymph
nodes short axis is more than 10 mm, or in case of morpho-
logical changes — such as rounded node shape or necrosis
in the node, lymph node metastases are also suspected.
The disadvantages of CT are the patient’s exposure to ionic
radiation, possible allergic reaction to iodine contrast agents
and worse soft tissue visualisation in comparison to MRI.

Magnetic Resonance Imaging (MRI) is a diagnostic
modality that provides much better images of soft tissue
than CT scans. Due to the possibility of tissue differentia-
tion, MRl allows for better estimation of the primary tumor
extent and adjacent structures infiltration assessment. Lo-
cal infiltration assessment on MRI should be performed in
planes — transverse, coronal and sagittal to the long axis
of the uterus. Dynamic Contrast Enhancement (DCE) MRI
imaging after intravenous contrast injection is useful in
detecting well vascularized tumors. Chemical shiftimaging
or sequences with fat suppression are excellent for detecting
fat within lesions. Post-contrast T1 weighted images with
fat saturation enable peritoneal lesions detection. Diffusion
Weighted Imaging (DWI) is sensitive to the movement of
water molecules at the cellular level. Malignant tumors, for
example, are more likely to show a high intensity signal on
DWI at a high b (1000) value and are visible as dark on ADC
(Apparent Diffusion Coefficient) maps. MRI with dynamic
contrast enhancement combined with DWI allows for better
characterization and assessment of tumor stage and extent
including detection of subtle peritoneal disease, as well as
assessment of tumor response and recurrence. DWIand the
corresponding ADC maps improve tumor characteristics and
stage estimation in patients with endometrial and cervi-
cal cancer, but are less specific in distinguishing between
benign and malignant myometrial and ovarian tumors.
In case of kidney dysfunction, when using gadolinium based
contrast agentis not possible, DWI constitutes a very impor-
tant part of MRI examination.

Despite the advantages (no ionic radiation, better soft
tissue visualization) MRI has some disadvantages — such
as low availability, higher cost, long image acquisition time
leading to motion artefacts, reduced patient cooperation
and MRI safety problems [12].

OVARIAN CANCER, FALLOPIAN TUBES,
PRIMARY PERITONEAL CANCERS
Ultrasound (US) is the first choice examination per-
formed in patients with suspected ovarian cancer. Specific

features of ovarian tumors visible on US are: enlargement of
ovarian dimensions above 5 cm, presence of internal parti-
tions in the tumor, papillary growths on the inner surface
of the tumor, complex structure (solid-cystic), free fluid
in Pouch of Douglas (max 5 mm), poor tumor mobility,
infiltration of adjacent organs. In some cases, TAUS allows
for visualization of solid hypoechoic peritoneal lesions and
infiltrations to the adjacent tissue.

In case of ovarian cancer, NCCN set the following rec-
ommendations: CT with iodine contrast agent of the chest,
abdomen and pelvis as well as abdominal and pelvic MRI for
primary diagnosis and follow-up imaging. According to the
ACRAC the mostimportant examination is CT with contrast
enhancement of the abdomen and pelvis for both pre-treat-
ment assessment and follow-up (Fig. 1). MRl has great value
in assessing the staging of ovarian cancer. According to the
recommendations of ESUR (European Society of Urogeni-
tal Radiology) MRI is recommended in case of ambiguous
ultrasound results. The IOTA (International Ovarian Tumor
Analysis) guideline suggests the malignant character of the
lesion visualized in MRI if its size is more than 4 cm, its mor-
phology is complex (solid and cystic) with solid enhancing
component, contains thick septations > 3 mm, has papillary
projections or central necrosis. Malignant lesions usually
have Type 3 dynamic contrast curve and possible additional
findings, like ascites, lymph node enlargement, peritoneal
carcinomatosis or organ invasion.

The characteristic symptoms strongly suggestive of
malignancy on CT scan in the first stage of ovarian can-
cer include: wall irregularities or thickening > 3 mm, en-
hancing solid components, abdominal wall tumors and
papillae. Serous cystic adenocarcinomas may contain mi-
crocalcifications. Serous cystic adenomas are usually small
and single-celled, whereas mucous cystic adenomas are
larger multicellular clusters [13]. Mucinous tumors are at-
tenuated on CT and have heterogeneous signal intensity on

Figure 1. CT image of ovarian cancer. The tumor is seen to consist of
both solid and cystic components. The solid component enhanced
after intravenous administration of contrast medium
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T1-weighted and T2-weighted MRl images, which results in
the appearance of “stained glass”. Primary malignant tumors
of the fallopian tubes may have the appearance of solid,
mixed solid / cystic masses or papillary projections in dilated
fallopian tubes that enhance less than myometrium on CT
and MRI. The adnexa of uterus masses with the appear-
ance of “sausages” associated with hydrosalpinx and the
presence of intrauterine fluid strongly indicate malignant
fallopian tube cancer.

MRI is a very good diagnostic method for assessing
whether the ovarian cancer is suitable for surgery. Its sen-
sitivity is 92%, specificity 85% [14]. It appears to be a much
better method than CT in evaluating the local stage of ovar-
ian cancer, with sensitivity of 55%, specificity 88% and ac-
curacy 89%. At higher stages of ovarian cancer, peritoneal
metastasis is manifested in the form of nodules or“plaques”
in the peritoneum, fluid in the peritoneal cavity, mesenteric
fat infiltration and mesenteric lymph or node enlargement
in para-aortic area.

In grade Il and Ill of the disease, DCE-MRI with DWI im-
proves the detection of pelvic and peritoneal tumor cells. Lo-
cal tumor involvement can be suspected if there is a lack
of adipose tissue between the tumor and adjacent pelvic
structures, irregular contact surface between the tumor and
the adjacent structure, less than 3 mm distance between
the tumor and the pelvic wall and ureteral obstruction and
dislocation/closure of the iliac vessels.

MRI outperforms CT in cancer infiltration assessment.
Symptoms of bowel infiltration are wall thickening and
its irregular shape. Metastatic retroperitoneal, pelvic and
inguinal lymph nodes are also possible. Peritoneal tumor
manifests as peritoneal wall enhancement and thickening,
peritoneal tuberosity/mesentery, omental caking, and/or
mesenteric infiltration.

Presence of ascites should be treated as suggestive of
peritoneal disease. Oral administration of the contrast agent
may improve detection. CT has limitations in the visualiza-
tion of peritoneal tumor implants smaller than 1 cm, espe-
cially if ascites is not present. The correct path of peritoneal
fluid circulation involves the pelvis and the diaphragm.The
role of MDCT is limited in detecting small peritoneal metas-
tases. If the peritoneal metastasis is greater than 1 cm, the
MDCT sensitivity is 85 to 93% and the specificity is 91-96%.
For metastases with a diameter less than 1 cm, the MDCT
sensitivity decreases to 25-50%.

In stage IV of the disease, cancer is likely to spread in
certain ways including transperitoneal, lymphatic or he-
matogenous way. The most common sites of ovarian can-
cer distant metastases include lungs and liver. Cytological
evaluation is necessary to confirm malignant pulmonary
effusion, however, the presence of thickening, tuberosity
or masses suggests malignancy.

Another imaging modality useful in ovarian cancer
detection is PET (Positron-Emission Tomography). This ex-
amination is performed if recurrence is suspected, with
growing marker values observed with no corresponding
pathological process visible on diagnostic images. PET/CT
is particularly useful in distinguishing between patients in
stage lllc-IV and I-lllb and in this case the specificity is 91%,
sensitivity 100% and accuracy 98% compared to 64%, 97%
and 88% of CT alone. PET/CT has high sensitivity in detecting
peritoneal metastases larger than 1 cm and lymph nodes
larger than 7 mm [14].

ENDOMETRIAL CANCER

TVUS is mainly applied for evaluation of endometrium
among women with symptoms of bleeding in post-meno-
pausal period. The screening diagnosis obtained on TVUS
is based on the measurement of endometrium thick-
ness. There is a notable thickening of endometrium visible
on US examination in case of endometrial cancers [15].
Main limitations of TVUS are: operator dependence, limited
vision field, danger of overestimation of infiltration extent
and lymphatic vessels area, low efficiency of the method in
predicting cancer extent, evaluating cervix infiltration and
lymph nodes assessment. However, there are literature data
confirming high accuracy of US. Recently performed study
conducted in Sweden involved a large group of patients
(850 women with endometrioid endometrial cancer). The
examinations performed by ultrasound experts revealed
high accuracy of myometrial invasion ultrasound assess-
ment.

ACR and NCCN definitely recommend MRI examination
of pelvis with and without intravenously administered con-
trast agent to assess the depth of myometrial invasion and
tumor extent in order to establish treatment plan for indi-
vidual patients (Fig. 2) [16]. Overall accuracy of MRl in cancer
staging is 83-92%, while sensitivity, specificity and accuracy
of MRl in evaluation of cervical infiltration on T2-weighted
images are 100%, 87% and 90% and on T1-weighted images
after contrast administration — 100%, 95% and 96% [17].

The depth of myometrial invasion in endometrial cancer
is animportant morphological prognostic factor correlating
with tumor grade, presence of lymph node metastases, and
overall patient survival. MRI with contrast medium admin-
istration is superior to CT with contrast enhancement, US
and MRI without contrast administration in assessment of
local stage of disease. Itis possible to perform pelvic CT with
contrast instead of MRI in case of lack of MRI equipment
availability. ACR does not recommend tomography without
contrast administration. Sensitivity and specificity of CT in
myometrium infiltration assessment ranges from 40 to 83%
and respectively 42 to 75%, while accuracy in myometrium
and cervix infiltration assessment is 81 to 95% [1, 18].
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Figure 2. MR images of uterine cancer; A. Example MR image in
transversal plane, enlarged uterus, thickened endometrium;

B. Sagittal MR image of the pelvis, thickened endometrium is visible;
there is no border between endometrium and myometrium. Tumor
infiltrates more than 50% myometrium; C. DWI and corresponding
ADC map, the area of restricted diffusion is visible

Both CT with contrast enhancement and abdomen and
pelvis MRI are useful in lymph nodes evaluation. For highly
malignant tumors it is recommended to perform chest CT
for possible metastases assessment.

In case of tumors classified as stage | to lllb MRI of the
pelvis is superior to CT or PET in evaluation of local extent
of disease. According to the American Joint Committee on
Cancer (AJCC) and FIGO staging system, stage | tumors are
divided into: stage | — cancer is found only in the uterus, and
it has not spread to other parts of the body; stage IA — can-
cerisfound only in the endometrium or less than one-half of
the myometrium; stage IB — spread to one-half or more of
the myometrium. Stage Il tumors involve the cervical stroma
causing widening of the internal os. Stage IlIA and B tumors
comprise local invasion of the serosa, adnexa, vagina, and
parametrium, while stage IlIC1 involves cancer spread to
the regional pelvic lymph nodes and stage IlIC2 — spread
to the para-aortic lymph nodes with or without spread to
the regional pelvic lymph nodes. Stage IV, also divided into
A and B means that cancer has metastasized to the rec-
tum, bladder, and/or distant organs beyond the true pelvis.
The accuracy of determining myometrial and cervical inva-
sion increases with the addition of dynamic contrast imag-
ing and is the most advantageous when performed 2 to
4 minutes after contrast medium administration. In case of
contraindications for contrast administration, DWIis applied
with similar sensitivity and specificity to enhanced imaging
in myometrium invasion detection.

At present, for assessment of lymph nodes invasion and
distant extent of the disease MRI and abdominal CT with
contrast enhancement is recommended for initial manage-
ment planning. Invasion of pelvic, para-aortic, or inguinal
lymph nodes has an impact on prognosis. Accuracy of DWI
in lymph nodes evaluation is similar to MRI with contrast
enhancement.

Endometrial cancer is characterized by intensive FDG
uptake, while PET/CT are not significant enough to be taken
into consideration ininitial staging of early endometrial can-
cer due to limited spatial resolution and physiological up-
take in pre-menopausal women. Sensitivity, specificity and
accuracy of PET/CT in lymph nodes metastases detection
regardless of lymph node size is 53%, 99% and 98 %, respec-
tively [19] maximum standardized uptake value (SUVmax).

UTERINE SARCOMA
In case of uterine sarcoma CT or MRI of the abdomen and
pelvis is recommended, although MR imaging is preferred
for local extension evaluation or in patients with incidentally
detected tumors with incomplete resections after myomec-
tomy or morcellation. Chest CT is also recommended due
to frequent cases of lung metastases. Recommendations
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after therapy include chest, abdomen and pelvis CT. Pelvis
MRI is also suggested if recurrence of the disease is sus-
pected. Due to the fact that MRI enables visualisation of
tissue differentiation and is performed in three planes, it
allows for distinguishing between recurrence and normal
pelvic structures.

MRI examination also facilitates differentiating between
sarcoma subtypes. It enables determining tumor location
and contour, as well as presence of hemorrhagic, necrotic
and cystic components. It is difficult to differentiate leio-
myosarcomas from leiomyomas with imaging examina-
tion, if rapid growth or visible metastases are not present.
Leiomyosarcoma is typically visible as infiltrating myome-
trial mass with irregular or ill-defined margins. On imaging
after contrast administration, peripheral enhancement with
central heterogeneous signal intensity from necrosis and
haemorrhage is present.

Endometrial stromal sarcoma (ESS) and undifferentiated
sarcoma (UES) most often appear as polypoid endometrial
masses with wormlike bands of low T2-weighted signal in-
tensity corresponding to regions of preserved myometrium.
Sometimes they have more marginal nodularity resulting
from their tendency to infiltrate lymph vessels. Adenosar-
comas are mixed tumors, including benign and malignant
components, frequently appearing as complex, multisep-
tated, cystic, and solid polypoid endometrial masses.

The usefulness of DWI is limited due to significant over-
lap of ADC values between benign leiomyomas and sarco-
mas. However, if patients are unable to receive contrast,
this examination should be applied to support diagnosis.

CERVICAL CANCER

In 2018 an updated FIGO staging system for uterine
cervical cancer was introduced [20]. Imaging examinations
became an important part of staging process, being a re-
liable source of information pertaining to cancer spread
complementary to this obtained in clinical examination.
Imaging examinations are indicated in patients with FIGO
stage IB disease or greater. Due to important prognostic
factors obtained in imaging, such as tumor size, parame-
trial spread, and lymph node metastases it is considered
as highly valuable. Contrast enhanced pelvic MRl is per-
formed in patients who need preoperative planning. For
FIGO stage Il disease or higher, chest, abdomen, and pelvis
CTis recommended in order to detect possible metastases
and contrast-enhanced pelvic MRI to assess local extent of
disease (Fig. 3) [21].

To evaluate the primary tumor on MRI imaging, both
T2-weighted large field-of-view sequences and the small
field-of-view sections obtained perpendicular to the en-
docervical canal are recommended. To enable better evalu-
ation of the vaginal fornices for local spread, application

Figure 3. Example MR images of cervical cancer; A. T1-weighted
image in sagittal plane after intravenous contrast injection, visible
infiltration of uterus and vagina; B. T2 sagittal image of cervical
cancer; C. DWI and corresponding ADC map — the area of restricted
diffusion is visible
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of vaginal gel is recommended. Contrast administration
improves detection of small tumors, depth of stromal inva-
sion, and bladder or rectal wall invasion. As cervical cancer
normally exhibits lower ADC values than the normal cervix,
DWI can also be helpful in tumor detection.

Stage | disease means that carcinomaiis strictly confined
to the cervix. It is further subdivided into: stage IA which
represents invasive carcinoma that can be diagnosed only
with microscopy, with maximum depth of invasion <5 mm
(IA1T — stromal invasion < 3 mm and IA2 — stromal inva-
sion =3 mm and < 5 mm in depth) and IB — invasive carci-
noma confined to the uterine cervix, with measured deepest
invasion = 5 mm (also divided in new staging system into:
IB1 — tumor measures < 2 cm, IB2 > 2 cm and < 4 cm and
IB3 > 4 cm in greatest dimension).

On MR imaging, the normal cervix has a trilaminar ap-
pearance on T2-weighted imaging with endocervical mucosa
of a high signal intensity, a low signal intensity fioromuscular
stroma, and an intermediate signal intensity outer smooth
muscle layer. On T2-weighted sequences tumors appear
intermediate to high signal intensity relative to the hypoin-
tense middle stromal layer and have variable enhancement
pattern on sequences received after contrast administration.

Stage Il disease extends beyond the uterus but does
not involve the pelvic sidewalls or the lower one-third of
the vagina.

Stage IIA disease extends into the upper two-thirds of
the vagina or to the pelvic wall. Tumors are subdivided into
stage IIA 1 and lIA 2 regarding their size greater or smaller
than 4 cm. IIB disease means parametrial invasion, but not
up to the pelvic wall. MRI findings highly indicative of para-
metrial invasion include disruption of the low T2-weighted
signal intensity inner cervical stromal ring and/or presence
of nodular or irregular tumor extending into the parame-
trium. It is possible to exclude parametrial invasion if the
inner cervical stromal rim is thicker than 3 mm. Such a find-
ing is called a hypointense rim sign. In case of parametrial
invasion surgical procedure is not taken into consideration.

Accuracy of MRl in cervical cancer staging (operable or
inoperable lesion) equals 75-96%. MRl is highly accurate in
evaluating tumor size in correlation with histopathological
examination, 70-90%. MRI has high NPV in parametrial inva-
sion assessment, 94-100% [22]. DWI with ADC sequences
may be helpful to distinguish benign reactive changes or
stromal edema from true tumor invasion. On CT findings
suggestive of parametrial invasion include encasement of
the ureters, presence of vasculature, and thickening of the
uterosacral ligaments.

Findings present in stage Ill involves the lower third of
the vagina and/or extends to the pelvic wall and/or causes
hydronephrosis or non-functioning kidney and/or involves
pelvicand/or para-aortic lymph nodes. In stage lllA, the tumor

extends to the lower one-third of the vagina. Stage llIB disease
involves extension to the pelvic sidewall or to the ureters.When
the tumor is within 3 mm of the pelvic sidewall musculature, it
can be suggestive of pelvic sidewall involvement. In 2018 sys-
tem another category appeared: lIC— meaning involvement
of pelvicand/or para-aortic lymph nodes, irrespective of tumor
size and extent (IIC1 — pelvic lymph node metastasis only and
IIC2 — para-aortic lymph node metastasis).

Stage IV disease includes invasion of the urinary bladder,
rectum, or tumor extension beyond the true pelvis. Stage IVA
means invasion of the bladder or rectum and is suggested
by following findings: loss of the perivesical or perirectal
fat plane, disruption of the normal muscle low T2-weighted
signal intensity, asymmetric nodular wall thickening, in-
traluminal mass, or fistula. If tumor extends beyond the
pelvis and spreads to distant organs, is classified as stage
IVB Lymph node metastasis is a significant prognostic factor
in cervical cancer staging and is associated with a reduction
in survival. It has been added to FIGO classification (2018).

At the beginning, cervical lymph nodes drain to the
parametrial nodes and then spread to the external iliac,
internal iliac, presacral, common iliac, and para-aortic lymph
nodes. Specificity of CT and MRI in the detection of lymph
node metastasis is greater than 90% but sensitivity is less
than 60%.

Surgical excision of the lymph nodes, either elective
or selective still remains the standard procedure in diag-
nosing lymph nodes metastasis. Short-axis diameter larger
than 1 cm is the main criterion used for identification of ab-
normal nodes. Itisimpossible to reliably detect micrometas-
tases with CT or MR imaging [23]. Additional characteristics
such as arounded shape, irregular margins, clusters of multi-
ple small lymph nodes, signal intensity similar to the primary
tumor, and necrosis are suggestive of metastases. What is
more, lymph nodes positive for metastasis show increased
tracer uptake on PET/CT examination being localised on the
drainage pathway from uterine cervical cancer.

PET/CT and PET/MRI are highly accurate in lymph nodes
metastases diagnostics, 85-95% [24]. Another advantage is
sensitivity of PET/CT in lymphadenopathy detection, with
PET having higher sensitivity than MRI (75% to 56%) and CT
(58%). It was proven, that while CT and MRI demonstrate
similar diagnostic performance, PET/CT outperforms both
in lymphadenopathy detection.

PET/MRI is a chosen method for primary tumor evalua-
tion with sensitivity of 99% [25]. This examination, according
to the recent literature data and updated FIGO system is
a vital method in local and general cervical cancer staging.

SUMMARY
Ultrasounds, especially TVUS as a widespread and fun-
damental skill among gynecology specialists is considered
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as the initial examination in pelvis viscera diagnostics. It may
also have a substantial role in staging while performed by
a US expert in dedicated cancer units. For local staging of

a uterine body and a cervix cancer MR imaging is the best
choice, while for assessment of retroperitoneal space of
above mentioned malignancies and for an ovarian cancer
staging the method of choice is CT. Additionally, combined
imaging modalities, such as PET/CT or PET/MRI are promis-
ing tools improving staging accuracy.
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