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SUMMARY

Color Doppler sonography is a new method that has
begun to be used in the screening and early detection
of ovarian malignancies. In this study the impedance
to blood flow was examined by color Doppler
sonography in 28 ovarian masses before exploratory
laparotomy. After demonstrating the blood flow
spectrum of vessels in the neovascularization area in
the mass, the resistance index (RI) was measured.

Rl values were compared with the pathology reports
of each mass after surgery. In five of the six
malignant cases the Rl was less than 0.40 (the limit
value). All of the 22 benign cases had an RI greater
than 0.40. The sensitivity and specificity of the
preoperative Rl in detecting ovarian malignancy were
83 % and 100 % respectively.

Our results suggest that color Doppler sonography is
a useful clinical tool in the preoperative evaluation of
ovarian masses.
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INTRODUCTION

The most common cause of death from gynecological
malignancy is a malignant ovarian neoplasm (1). By
the time it is detected, disease had spread beyond
the ovaries is 70-90% of the cases when detected (2-

4).

In view of the discouraging results of treatment for
late stage disease, attempts are being made to
develop effective screening methods for
asymptomatic women in the early stages of disease
and to accurately distinguish malignant ovarian
masses from the benign ones. CA 125 is used as a
marker for nonmucinous ovarian adenocarcinoma (5).
The positive and negative predictive values of this
marker for ovarian malignancy are generally low, so it
is mainly used in the postoperative follow-up of
patients undergoing chemotherapy (6,7).

The use of ultrasonography to screen for ovarian
cancer was first proposed by Campbell and
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colleagues in 1982 (8). Subsequently, in a large
prospective trial, transabdominal ultrasound was
used to screen over 5000 women for the presence or
absence of ovarian pathology (9). This study
suggests that, while transabdominal ultrasound is a
sensitive technique for the detection of small lesions
suggestive of cancer, it is difficult to discriminate
between malignant and benign lesions on the basis of
B-mode imaging alone. There are now reports on the
use of transvaginal ultrasound for the same purpose
(10-13). The consensus is that transabdominal and
transvaginal ultrasonography are sensitive to first
stage screening tests for detecting nearly all ovarian
lesions suggestive of malignancy. What is needed is
a second-stage test that will discriminate between
benign and malignant masses.

Color Doppler sonography is a recent development
among the current diagnostic imaging modalities.
Several studies have shown the capabilities of
transabdominal and transvaginal color Doppler
sonography in discriminating between malignant and
benign neoplasms (14-17). It is a non-invasive
method and can be used in early and late stages of
ovarian malignancies.

The purpose of this study was to evaluate the
accuracy of color Doppler sonography in predicting
the malignancy of ovarian masses.

MATERIALS AND METHODS

Twenty-eight patients in the study were referred for
transabdominal color Doppler sonography after an
ovarian mass was identified by conventional
transabdominal and transvaginal sonography. The
age ranged from 23 to 68 years of age with a mean of
37.7 years.

Examinations were made using a PVF 357 MT 3.75
MHz probe attached to a Toshiba SSA - 270 A
scanner. The B-mode was used to evaluate the
morphology of both ovaries, and then color flow
imaging was superimposed to detect vascularized
areas. Finally, pulsed Doppler was used to analyze
blood velocity in the area of interest, and the
resistance index (RI) was calculated to quantify the
impedance to blood flow using the formula (18):

PI _ systolic peak - maximum end-diastolic velocity
systolic peak
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Measurements were repeated for at least three
separate cardiac cycles.

The lowest resistance index was taken as
representative of the mass, and vessels closest to the
center of the mass were examined carefully for areas
of increased diastolic flow.

Masses examined were removed surgically 1-2 days
after color Doppler sonographic examination. The
benign or malignant nature oi the ovarian mass was
confirmed by histopathology.

The sensitivity, specificity and both positive and
negative predictive values for detecting malignant
ovarian tumors were determined. Chi-square test was
also used to compare the RI values of the six
histopathologically malignant masses with the 22
benign masses.

RESULTS

Twenty-two women had benign and six had
malignant ovarian tumors by histopathologic
examination (Tables | and II).
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Neovascularization area was detected
sonographically in all of the malignant masses. The
Rl was less than 0.40 in 5 (80%) of these malignant
masses (Figs 1 and 2). Rl was 0.58 in the mass that
had the histopathological diagnosis of epidermoid
carcinoma.

Neovascularization area was detected

sonographically in 18 (82%) of the 22 benign masses.
The Rl was greater than 0.40 in all of these cases
(Figure 3).

In general, the average RI of benign ovarian masses
(0.76 + 0.08) was statistically different from malignant
masses (0.40 + 0.10) (p 0.001).

The sensitivity of color Doppler sonography in
detecting ovarian malignancy was 83 % , specificity
100%, positive predictive value 100%, and negative
predictive value 95 %.

DISCUSSION

The concept that tumor growth is restricted in the
absence of the vascular response was developed in

Table I - Color Doppler assessment of benign ovarian masses.

Histopathology No.
Serous cyst 7
Mucinous cyst 2
Simple ovarian cyst 1
Dermoid cyst 1
Fibrothecoma 2
Tubo - ovarian abscess 3
Endometriosis cyst 4
Ectopic preghancy 2
22

Neovascularization

present R
6 (86%) 0.72
1 (100%) 0.79
1 (100%) 0.80
2 (100%) 0.77
3 (100%) 0.80
3 (75%) 0.79
2 (100%) 0.76
18 (82%) 0.76 + 0.08

Table Il - Color Dopper assessment of malignant ovarian masses.

Histopathology No.
Adenocarcinoma 3
Undifferentiated carcinoma 1
Endodermal sinus tumor 1
Epidermoid Ca 1
6

Neovascularization

present RI

3 (100%) 0.38

1 (100%) 0.32

1 (100%) 0.38

1 (100%) 0.58

6 (100%) 0.40 + 0.02
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Fig-1- The RI of the vessels
at the neovascularization
area was measured as 0.38
in this irregular ovarian
mass. The histopathological
diagnosis was endodermal
sinus tumor.

Fig-2. The RI of the vessels
on the septa of this ovarian
tumor was measured as
0.37. The histopathological
diagnosis was mucinous
adenocarcinoma.

Flg.3. The Rl ot the vessels
of the mass in the right
adnexial region was
measured as 0.78. The
histopathological diagnosis
was ectopic pregnancy.
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the 1960's (19,20). Studies have shown that viable
tumor cells release diffusible angiogenic factors
which stimulate new capillary growth and endothelial
mitosis in vivo (21,22), even when tumor cell
proliferation has been arrested by irradiation (23).
Folkman hypothesized that "once tumor take occurs
every further increase in tumor cell population must
be preceded by an increase in new capillaries which
converge upon the tumor” (22).

Tumor induced vessels are often dilated and saccular
and may even contain tumor cells within the
endothelial lining (24). Tumor microvasculature does
not conform to the microvasculature of normal tissues
(artery to arteriole to capillary to postcapillary venule
to venule to vein) (24). Tumors may contain giant
capillaries and arteriovenous shunts without
intervening capillaries. Newly formed vessels contain
no smooth muscle in their walls, but instead contain
only a small amount of fibrous connective tissue
(21,25). Since most of the resistance to flow occurs
at the level of the muscular arterioles, vessels
deficient in these muscular elements offer reduced
resistance to blood flow and transmit larger volume
flow than vessels with high resistance.

Evaluation of several types of tumors by color Dopp-
ler has been reported (14-17, 26). Although there are
different opinions about cut-off values, in most of the
studies a cut-off point of 0.40 for the resistance index
as well as 1.00 for the pulsatility index were
established and used as an indicator of malignancy
(27-32). All authors agree that recognition of
angiogenesis as a reference point for malignant
changes within the ovary has proved to be a highly
sensitive parameter (15, 16, 27-31).

Kurjak et al studied pelvic masses and observed a
low impedance in the intratumoral blood flow
(resistance index below 0.41) in malignant ovarian
lesions (27). One false positive result (a granulosa
cell tumor) among 15 benign cystic masses was
found. In benign ovarian masses the Rl was always
above 0.40.

Bourne et al had similar results. In 18 women with
ovarian tumors, 8 cases were malignant (16). The
pulsatility index (PI) values of the malignant tumors
were below 1.00. One false positive (a dermoid cyst)
and one false negative result (a borderline serous
cystadenoma) were obtained.

In a later study by Kurjak et al, a larger group of
patients were examined (28). Among 680 pelvic
masses, 624 benign and 56 malignant ovarian
lesions were found. In all but one benign lesions the
Rl was above 0.40, while the Rl was below 0.40 in 54
of 56 malignant lesions.

Weiner et al found the pulsatility index of intraovarian
or intratumoral blood vessels to be greater than 1.0 in
35 of 36 benign tumors, and a pulsatility index below
1.0 all malignant cases (32).

Kawai et al suggested a pulsatility index cut-off value
of 1.25 (31). This was suggested after the results of
13 benign and 11 malignant lesions were compared.
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In our study all of the benign cases had an Rl above
0.40. All malignant ovarian masses had an area of
neovascularization and the Rl values were below
0.40 in 5 of the 6 malighant cases. However,
histopathological examination of the sixth case whose
RI value was 0.58, revealed that it was an epidermoid
carcinoma that has arisen from part of a benign
dermoid cyst. It might be that the vessels examined
belonged to the benign part of the tumor since
neovascularization was not considered present in the
epidermoid carcinoma (33, 34). It was speculated that
newly formed vessels of the non-advanced
epidermoid carcinoma were too small and the velocity
and the volume flow were below equipment resolution

(33).

We obtained a high sensitivity and specificity (83 %
and 100% respectively) in detecting ovarian
malignancy by using resistance index values alone
and taking 0.40 as the cut-off separating malignancy
from non-malignancy. Our study suggests that color
Doppler sonography is a useful clinical tool in the
preoperative evaluation of ovarian masses.
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