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ABSTRACT

The aim of this study was to establish which of several
commonly used parameters performs best in the evaluation
of adnexal masses by transvaginal color Doppler sonogra-
phy. A total of 79 adnexal masses in 73 consecutive
patients were included in the study. There were 43 (58.9%)
premenopausal and 30 (41.1%) postmenopausal patients.
The median age was 45 years (range 20-78 years). The
parameters compared were: number of vessels detected in
each tumor, tumor vessel location (central vs. peripheral),
peak systolic velocity (PSV), lowest resistance index
(Rliwest), mean resistance index (Rlean), lowest pulsatility
index (Pliowesy) and mean pulsatility index (Plyeam). Receiver
operating characteristic (ROC) curves were plotted to ana-
lyze the test performance of the parameters, except for
tumor vessel location, and to estimate the best cut-off value
of the parameters studied to differentiate between malig-
nant and benign twmors. Definitive histopathological diag-
nosis was obtained in every case and used as the ‘gold
standard’. There were 20 (25.3%) malignant and 59
(74.7%) benign masses. Color Doppler signals were de-
tected in 100% of the malignant masses (20 out of 20) and
74.6% (44 out of 59) of the benign masses, and the differ-
ence was found to be statistically significant (p < 0.001).

Tumor vessel location was central in 18 out of 20 (90%)
* malignant masses, whereas it was peripheral in 39 out of
44 (88.6%) benign masses. ROC analysis showed that the
best cut-off values for number of vessels, PSV, Rliwes,
Rl,cans Pliowest and Pleas were three vessels, 25 cm/s, 0.45,
0.55, 0.90 and 1.50, respectively. However, for all these
parameters except Rliowes, there was a considerable overlap
between benign and malignant tumors, with a high false-
positive rate. In conclusion, in our experience, the parame-
ters that performed best were the Rlipwes with a cut-off
value of 0.45 (sensitivity 100%:; false-positive rate 11.4%)

and central tumor vessel location (sensitivity 90%; false-
positive rate 11.4%).

INTRODUCTION

Sonography has been widely used to evaluate adnexal
masses. The introduction of transvaginal ultrasonography
has improved the diagnostic accuracy of ultrasound in the
characterization of adnexal masses'*. With the introduc-
tion of pulsed and color Doppler techniques the assessment
of tumor vascularity has become feasible?.

In recent years, several studies have assessed the value of
transvaginal color Doppler sonography in the differentia-
tion of malignant from benign adnexal tumors*'’. The
results of these studies have been controversial. Most have
assessed impedance to tumor vessel blood flow by calculat-
ing one or both angle-independent indexes of flow velocity
waveform analysis, i.c. the resistance index (RI) and pul-
satility index (PI). Whilst some authors have reported quite
encouraging results*, others have not been able to confirm
them and have shown considerable overlapping of the
values of these two indices between malignant and benign
tumors'/,‘),l 1,12,15'

Recently, some authors have advocated the assessment
of different aspects of tumor vascularity such as vessel
location'®, vessel arrangement!® and multiparameter analy-
sis'®, in order to improve the diagnostic accuracy of trans-
vaginal color Doppler sonography in assessment of adnexal
masses.

In the present study we aimed to compare the test per-
formance of several parameters commonly used in the
evaluation of adnexal tumors by transvaginal color Dop-
pler sonography.
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MATERIALS AND METHODS

Between October 1994 and November 1995, 73 consecu-
tive and unselected patients diagnosed as having an
adnexal mass and referred for surgery to our hospital were
included in the study. Six patients presented bilateral
masses, giving a total of 79 adnexal tumors in the study.

All patients were evaluated by transvaginal color Dop-
pler sonography before surgery. A definitive histopatho-
logical diagnosis was obtained in each casc and used as the
‘gold standard’. Tumors were classified according to cri-
teria of the World Health Organization?’. Malignancies
were staged according to the International Federation of
Obstetrics and Gynecology (FIGO)?!.

There were 30 (41.1%) postmenopausal patients (me-
dian age 58 years; range 42-78) and 43 (58.9%) pre-
menopausal patients (median age 36 years; range 20-45).
All premenopausal patients except six were studied during
the follicular phase of the menstrual cycle.

Transvaginal color Doppler ultrasonography was car-
ried out on a Philips P-700 SE machine (Philips Ultrasound,
Santa Ana, CA, USA) with a real-time 6.5-MHz sector
electronic array endovaginal probe with pulsed Doppler
and equipped with the Colour Velocity Imaging (CVI) sys-
tem for color blood flow codification®?. The high-pass filter
was set at 100 Hz in every case. The pulsed Doppler
sample volume was set at 1.2-2 mm. The system operates
at power outputs of less than 80 mW/cm? in the B-image,
pulsed Doppler and CVI modes.

The endovaginal probe was inserted into the vagina, and
the uterus was scanned. Thereafter, attention was directed
to the adnexal regions. Once the adnexal mass was iden-
tified, it was thoroughly scanned.

Morphological evaluation was performed according to
the scoring system proposed by Sassonc and colleagues?®.
Briefly, it evaluates the tumor wall thickness, the presence
of septae and/or papillary projections and their size, and
tumor echogenicity. A score of > 9 was suspicious of malig-
nancy.

Thereafter, the CVI gate was activated for color imaging
of blood flow. When color signals were detected, they were
counted and localized in each tumor. The location of
tumor vessels was stated as central (solid areas, septa
and/or papillae) or peripheral (pericystic areas or those at
the base of septa or papillae). In cases in which blood flow
was detected both in central and peripheral locations, the
tumor was classified as having central flow.

Pulsed Doppler was used to interrogate each color signal
detected and a flow velocity waveform was obtained in
each case (Figure 1). The RI and the PI were calculated
from three cardiac cycles, according to the following
formulae: RI = (peak systolic velocity — maximum end-di-
astolic velocity)/peak systolic velocity; and PI = (peak sys-
tolic velocity — end-diastolic velocity)/mean flow velocity.
Maximum peak systolic velocity (PSV) was recorded in
each vessel. No angle correction was made, because the
vessels studied were too small to allow this, although we
always attempted to obtain the highest Doppler shift to
measure the PSV. If there was more than one artery within
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Figure 1 Flow vclocity waveform from an endometriotic cyst.
Note the presence of flow in a septum. RI, 0.48; P, 0.77

a given tumor, then the RI and PI were calculated for each
one of these vessels. We analyzed as different parameters
the lowest value (Rligwes; Pliowesr) and the mean of them
{RIeany Plinean)-

All examinations were performed by one of the authors
(J.LLA.). The intra-observer coefficient of variation was
determined by the performance of three consecutive exami-
nations at 30-min intervals in the first 15 masses studied.
Intra-observer variability for the RI, PI, PSV and number of
vessels counted was 6%, 7%, 12% and 4%, respectively.
The median examination time was 12 min, ranging from 5
to 35 min.

The Mann-Whitney U test and Fisher’s exact test were
used where appropriate. The data are expressed as mean
and standard deviation (SD). Confidence intervals (Cls)
were calculated when appropriate. A p-value of < 0.05 was
considered to be statistically significant.

Receiver operating characteristic (ROC)? curves were
plotted to analyze the test performance of each parameter,
except for tumor vessel location. For each parameter as-
sessed, the cut-off value that had the highest sensitivity
with the lowest false-positive rate was considered to be
optimal.

Data analyses were performed with the SPSS 6.0 for
Windows statistical package (SPSS Inc., Chicago, II).

RESULTS

Surgical confirmation was available in all cases. Twenty
(25.3%) masses were proved to be malignant, and 59
(74.7%) were benign. Borderline malignant tumors were
considered to be malignant for analyses. The definitive
histological diagnoses and stages of malignant tumors are
shown in Table 1. The mean (£ SD) score in benign and
malignant masses was 5.9+ 1.6 and 10.8 £ 1.2, respec-
tively (U valuc 66.3; p < 0.001).

Color Doppler signals were detected in 100% (20/20)
of malignant masses and in 74.6% (44/59) of benign
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Table 1 Definitive histopathological diagnoses

Histopathology Masses (n)
Benign

Serous cystadenoma 14
Mucinous cystadenoma 3
Endometrioma 19
Dermoid cyst 3
Follicular cyst 5
Paraovarian cyst 4
Cystadenofibroma 3
Hydrosalpinx 2
Hemorrhagic cyst 2
Luteal cyst 2
Peritoneal pseudocyst 1
Benign granulosa cell tumor 1
Total 59
Malignant

Borderline malignant carcinoma 2
Primary ovarian carcinoma™ 13
Metastatic carcinoma 5
Total 20

*Stage Ib, one patient (bilateral mass); stage Ic, two patients; stage
llla, one patient (bilateral mass); stage lllc, five patients (two
bilateral masses). 'Endometrium (two patients), rectum (one
patient}, carcinoid (one patient, bilateral mass)

masses {Fisher’s exact test, p = 0.009). The location of
color Doppler signals was central in 18 out of 20 (90%)
malignant masses and peripheral in 39 out of 44 (8§8.6%)
of benign tumors (Fisher’s exact test, p < 0.001). The mean
(+ SD) number of color Doppler signals in benign and
malignant tumors was 1.70 £ 1.5 and 8.30 £ 5.5, respec-
tively (U value 77.5; p < 0.001) (Figure 2).

The mean maximum peak systolic velocities (+ SD) were
27.6 £ 12.6 cm/s in benign masses and 44.6 £ 5.2 cm/s in
malignant tumors (U value 146; p < 0.001). Individual
values are shown in Figure 3.

The mean Rljgyesrs, Rlneans Pliowese and Plimeas in benign and
malignant masses are shown in Table 2. Figures 4 and 5
show the individual values for each of these parameters.
There were no differences between primary and metastatic
ovarian carcinomas (Table 3).

Figure 6 depicts the ROC curves for score, number of
vessels per tumor, PSV, Rliowest; Rlmeans Pliowes: a0d Plmean.
The best cut-off values estimated for each parameter were:
score = 9 (sensitivity 100%; false-positive rate 6.8%, with
95% Cl 12.3-1); = 3 vessels (sensitivity 95%, with 95% CI
100-90; false-positive rate 25.4%, with 95% CI 34.4-
16.4); PSV = 25 cm/s {sensitivity 85%, with 95% CI 93.7-
76.5; false-positive rate 56.8%, with 95% CI 69.1-44.4);
lowest RI<0.45 (sensitivity 100%; false-positive rate
11.4%, with 95% CI 19.2-3.6); mean RI<0.55 (sensiti-
vity 90%, with 95% CI 97.3-82.7; false-positive rate
18.2%, with 95% CI 27.6-8.8); Pligwes < 0.90 (sensitivity
95%, with 95% CI 100-90; false-positive rate 20.5%, with
95% CI 30.4-10.6); and Plyean < 1.50 (sensitivity 100%;
false-positive rate 29.6%, with 95% CI 40.6-18.6).
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Figure 2 Scatterplot showing the number of vessels detected per
tumor in benign and malignant masses
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Figure 3 Scatterplot showing the distribution of mean peak sys-
tolic velocity in benign and malignant adnexal masses
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DISCUSSION

Transvaginal sonography is a well-established technique
for examining pelvic organs. Special interest has been
focused on the assessment of adnexal masses!. With the
introduction of color and pulsed Dappler techniques, ef-
forts have been made to improve the diagnostic accuracy of
transvaginal sonography in the differentiation of benign
from malignant tumors.
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Table 2 Mean + SD of resistance index (RI) and pulsatility index
(PI) values in tumors shown by histopathology to be benign or
malignant

Benign (n = 59) Malignant (n = 20)
Lowest Rl 0.62+0.15 0.37+0.07*%
Mean RI 0.67%0.13 0.46 £0.06*
Lowest PI 1.50£0.87 0.55+0.15%
Mean PI 1.76 £ 0.87 0.80 £ 0.24*

*p < 0.0001 (Mann-Whitney U test)
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Figure 4 Distribution of lowest RI (a) and mean RI (b) in benign and malignant adnexal masses
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Figure S Distribution of lowest PI (a) and mean PI (b) in benign and malignant adnexal masses
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Table 3 Mean * standard deviation values for different parame-
ters compared in primary and metastatic ovarian carcinomas

Primary (n = 15)* Metastatic (n = 5)

Score 109+ 1.1 11.0+1.67
Mean PVS (cm/s) 43.6+4.8 46.3+6.91
No vessels 8.15+6.19 8.40 +3.05"
Mean RI 0.45+0.06 0.46 + 0.057
Lowest RI 0.35+0.07 0.39 + 0.04t
Mean PI 0.77+£0.22 0.78 £ 0.291
Lowest PI 0.53+0.17 0.58+0.11t

PVS, peak systolic velocity; Rl, resistance index; PI, pulsatility
index; *including two borderline malignant tumors; 'p > 0.05

Early studies were encouraging. Kurjak and associates*
reported a sensitivity and specificity of 96.4% and 99.8%,
respectively, in a large series of adnexal tumors. Weiner
and colleagues® and Kawai and co-workers® reported, in
smaller series, a sensitivity and specificity of 94% and
97%, and 89% and 100%, respectively. However, recent
studies have not confirmed these results, showing a lower
degree of accuracy with this technique”'%, Some factors
put forward to explain these misleading results include
differences in the sonographers’ experience, the different
sensitivity of ultrasound machines used and the lack of
standardization of Doppler measurements?*,

Nevertheless, most authors have assessed adnexal tumor
vascularity, evaluating the location of vessels and blood
flow impedance of these tumor vessels. With regards to
vessel location, most authors agree that central location
is suggestive, although not diagnostic, of tumor malig-
nancy>'®!""% Our results agree with these studies. The
sensitivity and specificity for this parameter were 90% and
88.6%, respectively. However, this could be explained by
the fact that most benign tumors were cystic and vessels
could be located only peripherally. Nevertheless, in multi-
locular cysts or cystic lesions with solid areas, the presence
of blood flow in the septa or solid areas should be con-
sidered to be suspicious of malignancy, especially if low
resistance is detected in pulsed Doppler analysis. In our
experience, there were two false-negative cases. One was a
multilocular, cystic, borderline malignant, serous cysta-
denocarcinoma with several peripheral vessels identified
and a value of Rljgwesr = 0.44 at the base of a septum. The
other case was a stage Ib serous cystadenocarcinoma that
was cystic, with a papillary projection on gray-scale ulera-
sound, and a unique vessel at the base of this papillary
projection with an RI of 0.42.

On the other hand, we had five benign rumors classified
as having central flow, i.e. in septa or solid areas. All these
cases except one had a value of Rliovesr above 0.45.

Regarding blood flow impedance, most authors have
assessed two angle-independent indices of flow velocity
waveform spectral analysis: the RI and PI. Some authors
have established clear cut-off values to differentiate benign
from malignant tumors. Kurjak and associates* suggest
that an RI of £ 0.40 is suspicious of malignancy. However,
others have proposed RI cut-off values of 0.50'* or even
0.60"". Weiner and colleagues’ proposed a PI cut-off value
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Figure 6 Receiver operating characteristic curves based on all 79
tumors. The false-positive rate is 1 — specificity. Cut-off values for
each parameter (shown from right to left): score (open circles)
>11, 210, 29, > 8; number of vessels per tumor (open triangles)
21,23,25, 27; lowest PI (open squares) <1.50, <1, <0.90,
<0.75, £0.50; mean peak systolic velocity (cm/s; closed squares)
>5,210,2 15,220, > 25, > 30, 2 35, > 40, > 45, > 50; lowest RI
(closed triangles) < 0.60, < 0.45, <0.40, <0.35; mean RI (closed
circles) £0.90, <0.80, <0.60, <0.55, <0.50; mean PI (closed
diamonds), < 1.75,<1.50,<1.15,<1

of < 1.0, but Kawai and co-workers® proposed a PI cut-off
value of < 1.25.

However, recent reports have shown considerable over-
lapping, both of the RI and PI, between benign and malig-
nant tumors” ' 1217 Most of these studies concluded that,
although both indices tend to be lower in malignant
tumors, it was not possible to establish a practical cut-off
value.

If the RI or Pl is to be used, then which index is most
efficient at differentiating benign from malignant tumors®®?
Most authors agree that the lowest RI or PI detected should
be used. However, we speculated that an averaged value of
all RI or PI values from all vessels detected within a tumor
could potentially give more precise information of overall
tumor vascularization. However, from our data, it seems
that the lowest value should be used, for both RI and PI.
The lowest and mean values of RI and PI showed similar
sensitivity, but the false-positive rate was higher using
Rlmean and Pliean.

In our experience, the overlapping of Pligwes values
among benign and malignant tumors makes it difficult to
establish a clear cut-off value. These results are similar
to those reported by other groups, which found a false-
positive rate ranging from 24 to 76% with the use of a
cut-off value of Plj e < 1.07°' 11217 However, the use of a
cut-off value of Rliowesr <0.45 had a sensitivity of 100%
with an acceptable specificity of 88.6%. Therefore, the
lowest RI seems to be better than the lowest PI to differen-
tiate benign from malignant adnexal masses.

In our series the mean PSV in malignant tumors was
significantly higher than in benign masses. However, there
was a considerable overlap in values (see Figure 3), making
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it difficult to establish a clear cut-off value. These results
agree with those reported by Valentin and co-workers''
and Prompeler and colleagues'®.

In conclusion, our results showed that the parameter

that was able to differentiate most effectively between
malignant and benign adnexal tumors with transvaginal
color Doppler ultrasonography was the lowest RI. How-
ever, we would not propose that it should be used alone,
but in conjunction with other parameters such as tumor
vessel location and peak systolic velocity.
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