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Transvaginal Doppler ultrasound
with colour flow imaging in benign
and malignant ovarian lesions
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Summary: Since eatrly detection of ovarian cancer is difficult, most cases are diagnosed at
advanced stages. The imaging diganosis is based on pattern classification and is limited with
respect to the precise determination of malignancy. High-frequency transvaginal sonography imptro-
ves the ability to detect malignant ovarian tumors over that of transabdominal route, however,
the predictive values are unsatisfactory because of inability to distinquish between malignant and
benign tumors that have similar morphologic characteristics. The introduction of transvaginal
colour flow imaging has allowed detection of low-resistance intratumoral blood vessels, characte-
ristic of malignant tumors, and visually reflected the state of blood flow of an ovarian tumor.

These two ultrasonographic methods were used for diagnosis of ovarian tumors in 65 women
treated in our Department of Obstetrics and Gynecology. Waveforms of the parenchymal tumor
arteries or tumor surface arteries were compatred using value of the resistance index (RI). The
sensitivity, specificity and accuracy of the preoperative RI in detecting malignant ovarian tumors
were 1009, 949%, 95.4% respectively. The sensitivity, specificity and accuracy of preoperative su-
spicious sonographic findings in detecting malignant ovarian tumors were 10095, 61% and 71%.
Positive and negative predictive values of colour flow imaging were 85% and 1009, whereas for
grey-scale transvaginal ultrasonography they were 46% and 1009 Trespectively. The findings of
this study suggest that transvaginal colour Doppler is a method which is superior to the other
methods for preoperative evaluation of ovarian malignancy.
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rise with age (*!). Since early detection of
ovarian cancer is difficult, most cases are
diagnosed at advanced stages. To discri-
minate between benign and malignant ova-
rian tumors several diagnostic methods ha-
ve been introduced, including physical
examinations, computed tomography scan
(®), tumor markers such as CA 125 (1% &

INTRODUCTION

Ovarian carcinoma still remains the
most lethal of the gynecological mali-
gnancies and its incidence continues to
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12y "and ultrasound (°).
gnosis is based on pattern classification
and is limited with respect to the precise
determination of malignancy.

The vaginal approach produces greater
image resolution than the abdominal (),
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thus allowing detailed morphologic assess-
ment of ovarian masses. However, the
predictive values are unsatisfactory becau-
se of the frequent inability to distinquish
between malignant and benign tumors
that have similar morphologic characte-
ristics.

Transvaginal Doppler ultrasound with
colour flow imaging allows detection of
low-resistance intratumoral blood vessels,
characteristic of malignant tumors (** V).
It is possible to demonstrate colour flow
even in small vascular branches within
tissues in pathological condition (% ).
Being very thin and randomly dispersed
within the tissue, such vessels are difficult
to find unless transvaginal colour Doppler
in used. Transvaginal colour flow map-
ping allows us to identify potentially ma-
lignant ovarian masses and helps to eluci-
date the early stages of tumorigenesis.
The functional behavior of the organ can
be investigated by observation of hemody-
namic characteristics. Quantification of
colour flow can be performed by pulsed
Doppler waveform analysis of signals ob-
tained from the “hot” colour-coded area
within masses. The peak-systolic and end-
diastolic Doppler shift frequency can be
recorded and the Pourcelot resistance in-
dex may be calculated (7). The Pourcelot
resistance index (RI) is a useful method
of expressing blood flow impedance distal
to the point of sampling (). It is belie-
ved that an increased value of the RI
results from increased peripheral vascular
resistance (%).

In this study we detected blood flow
on the surface and in the parenchyma of
ovarian tumors, and evaluated the rela-
tionship between the waveforms of the
arteries and malignancy of the ovarian
tumors. We studied the accuracy of
transvaginal colour flow imaging for pre-
dicting the malignancy of ovarian tumors
and compared the results with those ob-
tained by transvaginal grey-scale ultra-
sonography.
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MATERIALS AND METHODS

We studied 65 women with ovarian tumors
hospitalized in our Gynecologic & Obstetric
Department. Their ages ranged from 21 to 79
years, mean 46.2. Details on the size and mor-
phology of the tumors, the presence of neova-
scularization, and the characteristics of intratu.
moral blood flow velocity waveforms were
assessed by transvaginal grey-scale ultrasound
(Siemens Sonoline AC) using 6.0 MHz trans-
ducer and transvaginal pulsed colour Doppler
ultrasound (Bruel-Kjaer) using 5.0 MHz probe.
All women were examined in the lithotomy
position with an empty urinary bladder. Ultra-
sonographic pattern was determined according
to the modified ultrasonographic classification
of ovarian tumors (14).

Suspicious sonographic findings consisted of
papillae, septa, daughter cysts, solid tumors,
and loculations (18) (Table 1).

After visualizing the ovarian tumor, we in-
quired into colour signals and then blood flow
velocity waveforms were recorded by activating
the pulsed Doppler over the coloured vessel.

To assess the impedance of blood flow the
Pourcelot resistance index (RI), defined as the
difference between peak-systolic and end-diasto-
lic flow velocity divided by peak-systolic flow
velocity, was calculated (7). At least five sepa-
rate cardiac cycles were observed and the mean
value of the RI was calcuated.

Table 1. — Ultrasonographic classification of ova-
rian tumors.

Benign pattern:
1) Simple cyst without internal echo
2) Simple cyst with scattered echoes
3) Polycystic echoes
Polypoid smooth mural echoes
Central dense round echoes
Thin or thick multiple linear echoes

Thin or thick multiple linear echoes
with dense part

8) Polycystic echoes with thick septa

Malignant pattern:
9) Cystic echoes with papillary or inden-
ted part
10) Polycystic echoes with irregularly thick
11) Solid pattern (solid part >509%) he-
terogenous component with irregular
cystic part
12) Completely
component

solid with homogenous
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The sensitivity, specificity, accuracy, positive
and negative predictive values for detecting the
malignancy of ovarian tumors were determined
separately for both methods: transvaginal co-
lour flow imaging and transvaginal gray-scale
ultrasound.

The final verification of investigated ovarian
tumors was supported on postoperative histo-
logical examination according to the World
Health Organization classification (13) .

RESULTS

Forty nine women had benign (inclu-
ding one interligamentous myoma, preo-
peratively diagnosed as solid ovarian tu-
mor) and sixteen had malignant ovarian
tumors on histopathologic examination.
The mean age was 41 years (range 21-74)
in benign disease subjects and 49 years
(range 21-79) for malignant. The mean
maximum tumor diameter was 9.9 cm
(range 4-30) in benign and 13.5 cm (ran-
ge 4-20) in malignant disease.

By colour Doppler we succeded to state
blood vessels in all cases of benign and
malignant ovarian tumors, though in most
of benign lesions they were located on
its surface, whereas in malignant they we-
re in parenchyma or inside septa. Most
of these blood vessels could not be de-
tected by transvaginal pulsed Doppler ul-
trasound without use of the colour mode.

Figure 2 gives the relationship between
RI, ultrasonographic pattern and histolo-
gic findings. Low-resistance blood vessels
(RI less than 0.4) were demonstrated in
all 16 (100%) subjects with malignant
and in 3 of the 49 (6%) benign ovarian
tumors (i.e.: dermoid cyst-1, hemorrhagic
ovarian cyst-1, pyosalpinx-1). The mali-
gnant pattern on ultrasonogram showed
19 of 49 (39%) benign ovarian lesions.
The RI was greater than 0.4 in 46 of the
49 (94%) benign tumors, even when su-
spicious sonographic findings were ob-
tained.

Table 3 shows the Pourcelot resistance
index in each type of ovarian malignancy.

Table 2. — Characteristics of benign and wmali-
gnant ovarian tumors.

Histopatology :
RI goﬁ graphic

Benign serous cysta-

denoma (24) 0 7
Benign mucinous cysta-

denoma (2) 0 0
Endometriotic cyst (6) 0 4
Dermoid cyst (5) 1 3
Hemorrhagic ovarian

cyst 5) 1 1
Pyosalpinx ( 1 3
LUF. (luteinized

unruptured follicle) (1) 0 0
Ovarian fibroma (1) 0 1
Interligamentous myoma (1) 0 0
Serous cystadenocarcinoma (5) 5 5
Mucinous

cystadenocarcinoma (4) 4 4
Endometrioid carcinoma (4) 4 4
Adenosquamous carcinoma (1) 1 1
Microfocal

cystadenocatcinoma

(infiltration of endome-

trial carcinoma) (1) 1 1
Dysgerminoma (1) 1 1

Table 3. — Pourcelot resistance index (RI) in
ovarian malignancy.

Type of ovarian cancer n RI
Serous cystadenocarcinoma 5 0.31£0.02
Mucinous cystadenocarcinoma 4 0.29£0.02
Endometrioid carcinoma 4 0.36+0.03
Adenosquamous carcinoma 1 0.37
Microfocal cystadenocarcinoma

(infiltration of endometrial

carcinoma) 0.32

Dysgerminoma 1 0.29

Table 4 lists the test statistics calculated
for each of the two sonographic methods.
High sensitivity (1009 ) specificity (949 )
and accuracy (95.4%) characterized the
RI, whereas grey-scale sonography carried
a high sensitivity (1009%) but relatively
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Table 4. — Sensitivity, Specificity, Accuracy, Ne-
gative and Positive Predictive Values of Sono-
graphic Findings and Pourcelot Resistance In-
dex in Detecting Malignant Ovarian Tumors.

Pourcelot

; S hi

resistance  H{IHAE
Sensitivity 100% 100%
Specificity 94% 61%
Accuracy 95% 71%
Negative predictive value 100% 100%
Positive predictive value  85% 46%
low specificity (619%) and accuracy

(719). The positive predictive value was
high for colour imaging (85%), but low
for suspicious sonographic findings (46%).

DISCUSSION

Transvaginal ultrasonography is widely
used in examinations for ovarian cancer,
and is now becoming a valuable tool
for mass screening (°). It allows the de-
tailed assessment of characteristic mor-
phologic features of ovarian masses. The-
refore high-frequency transvaginal sono-
graphy improves the ability to detect ma-
lignant ovarian tumors over that of the
transabdominal route. According to Ro-
driquez & Platt (*) and Nocera (%) sensi-
tivity of endosonography in detection of
ovarian malignancy depends on cancer ty-
pe and oscillates from 60 to 909%. False
positive results arise from morphological
similarity of some malignant and benign
lesions. The authors pay special attention
to common “ultrasonic” features of se-
rous or mucinous cancer and myomas
with degenerative changes, inflammatory
pseudocyts, pyosalpinx and endometriotic
or dermoid cysts. This affects a real re-
duction of diagnostic sensitivity and speci-
ficity of that method. On the other hand
its great usefulness in screening examina-
tions for ovarian cancer, through ovarian
volume measurement in postmenopausal

140

women is well known (> * % ¢). However
there are some critical voices raised on
that matter. The small size and location
of the typical postmenopausal ovary often
makes sonography difficult. The ovary in
the postmenopausal woman average less
than 1.5 cm in size and 2 cm® in volume
and is frequently located deep in the bo-
wel (*). Fleischer (*) by endosonography
was able to delineate preoperatively only
about 209% of normal postmenopausal
ovaries. This indicates possible limits to
the accuracy of identifying early tumors
as textural abnormalities within normal
sized ovaries. Additionally, the sono-
graphic appearance of the tumor does not
always correlate with its histological com-
position (¥). A study of 150 masses in
postmenopausal women shows only 3%
malignancy in lesions less that 5 ¢cm in
size (**). Therefore investigations of new
methods that could state the diagnosis
more precisely are understandable.

Kurjak et al. (& 3 2 3.2, 21) and Zalud
and Kurjak (¥) were the first to report
that transvaginal colour flow imaging can
be used in the assessement of pelvic cit-
culation, and to differentiate between be-
nign and malighant pelvic tumors. They
examined 147 cases of ovarian tumors
(®). In all 23 cases of malignant ovarian
tumor, the colour flow imaging was detec-
table and the resistance index was 0.25 -
0.40. They reported that accuracy of this
new diagnostic procedure was 99.3%. In
the other study (¥) they stated presence
of neovascularization in almost all of 56
malignant ovarian tumors. All malignant
tumors had a resistance index lower than
0.40 and all benign tumors had RI higher
than 0.40. One false-positive findings was
obtained in the inflammatory pseudocyst
(RI = 0.39).

Bourne ef al. (') reported that this me-
thod can be used to differentiate between
primary ovarian cancer and other forms of
benign pelvic masses. In their study they
showed that in seven of eight cases of ova-
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rian cancer there were low-resistance
blood vessels within the lesion.

Because tumor growth is dependent on
blood supply, it is evident that tumors
induce new blood vessels. In most can-
cers, there is vessel proliferation which
was not formerly identified until colour
Doppler imaging was introduced. Mali-
gnant neoplasms have vessels with low
resistange-high flow. Folkman ef al. (%)
showed that tumor angiogenesis factor
(TAF) is essential for the promotion of
neovascularization in malignant lesions.
Newly formed vessels are large capillaries
(endothelial-lined capillary-like channels),
or sinusoids, and contain no smooth mu-
scle in their walls, but only some fibrous
connective tissue. Another alteration in
malignancy is the presence of arteriove-
nous shunting, that may result from a lar-
ge, focal, direct communication (**), or
may reflect multiple microscopic commu-
nications in the abnormal tumor micro-
circulation. Since most of the resistance
to flow depends on the level of the mu-
scular arterioles, vessels poor in these mu-
scular elements present diminished resi-
stance to flow and therefore receive a
larger volume of flow than vessels with
a high impedance.

In agreement with all referred authors,
the findings of this study suggest that
transvaginal colour Doppler is a method
which can offer the high sensitivity, spe-
cificity, accuracy, positive and negative
predictive values and is superior to the
other methods for preoperative evaluation
of ovarian malignancy. Transvaginal ultra-
sound accurately identifies significant mor-
phological changes of an ovarian enlar-
gement. Colour flow Doppler helps to
identify the presence of abnormal blood
vessels, measures the systolic-diastolic
flow components, and through that diffe-
rentiates vessels into high- and low-resistan-
ce and can diagnose more accurately the
benign or malignant nature in those cases
that are difficult to diagnose by ultrasono-
graphic pattern classification.
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