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Abstract:
Objective: To prospectively assess the diagnostic performance of Doppler
ultrasound and grayscale imaging for the discrimination of benign and malignant adnexal masses.
Study design: Observational study.
Duration: January 2002 to December 2003.
Setting: Mother and Child Health (MCH) Center, Unit II, Pakistan Institute of
Medical Sciences, Islamabad, Pakistan.
Subjects: Patients with an adnexal mass who were scheduled for surgery in
the study. Patients managed conservatively were excluded.
Methods: All subjects underwent a preoperative grayscale and color Doppler
ultrasound. On the basis of subjective evaluation, each tumor was classified as
benign or malignant. Resul ts of diagnostic studies were correlated with pathological evaluations of the excised specimens.
Main outcome measures: Sensitivity, specificity, positive predictive value,
and negative predictive value of both modes of ultrasound.
Results: A total of 117 patients were examined during the study period. Grayscale echopatterns considered ominous for malignancy were solid components,
thick septae, papillary projections, and ascites. Using Doppler flow studies,
malignant neoplasms offered lower resistance to blood flow, as measured by the
resistance index (RI) and the pulsatility index (PI). The mean PI of benign tumors
was 1.6 ± 0.4 vs. 0.7 ± 0.1 of malignant masses, and the mean RI was 1.2 ± 0.3 vs.
0.4 ± 0.1 of malignant tumors. The sensitivity and specificity of grayscale was 82%
and 80%, wh ile for Doppler imaging it was 91% and 95%, respectively. The positive predictive value of grayscale was 30.0% vs. a 66.7% predictive value of
Doppler imaging, and the negative predictive value was 98% vs. 99% of Doppler
ultrasound.
Conclusion: Doppler ultrasound offers a higher sensitivity and specificity for
differentiation of adnexal masses compared to grayscale ultrasound.
Key words: Benign adnexal masses, malignant adnexal masses, Doppler ultrasound, grayscale ultrasound.
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Introduction
dnexal masses are one of the most frequent
reasons for referral to a gynecologist because
they could be malignant.1 Four to 24% of masses discovered before menopause and between 39%
and 63% of those found after menopause are malignant.2–4 Although ovarian cancer represents only 5%
of all cancers, it is the fourth leading cause of death
from cancer among women and the most fatal
among gynecologic tumors.5 Despite advances in
treatment, ovarian cancer has consistently had the
highest case fatality ratio of all gynecologic malignancies, with a 5-year survival rate of 40-50% for all
stages.6–8 There has been little improvement in survival over the past 20-30 years.9 While it is possible
that a treatment breakthrough may be made, early
diagnosis of ovarian cancer is probably the best
approach to achieve a reduction in morbidity and
mortality.
As early malignant lesions include the formation
of a complex cystic mass, most efforts point toward
detection and elimination of adnexal masses. The
standard evaluation for adnexal masses includes history, examination, tumor markers, and ultrasound.
Whether ultrasound can differentiate between
benign and malignant adnexal masses has been the
subject of many studies.10–12 Grayscale ultrasound of
adnexal masses using transabdominal or
transvaginal routes enables accurate evaluation of
the characteristics of masses. However, because of
lower sensitivity, it is not possible to predict with
certainty whether a mass is benign or malignant.
The role of color Doppler ultrasound in differentiating adnexal masses has been suggested in various
published studies reporting diagnostic accuracies of
90% and higher.13–20 Color Doppler studies in a developing country such as Pakistan are limited because
they involve expensive equipment. This study, conducted at a tertiary care public sector hospital with
use of color ultrasound, was designed to compare the
diagnostic performance of grayscale and color
Doppler ultrasound, and then correlate results with
the histopathology report.
Correspondence should be directed by email to
Dr. Kausar Jabeen, FCPS, MBBS
drkausarniazi@yahoo.com
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Subjects and Methods
This study was conducted at the Department of
Gynecology and Obstetrics, Unit II, Mother and Child
Health (MCH) Center, Pakistan Institute of Medical
Sciences (PIMS), Islamabad, from January 2002 to
December 2003. The center is a postgraduate teaching institution that provides tertiary-level care. One
hundred and seventeen patients admitted to the
gynecology ward at Unit II, MCH Center, PIMS, with
a clinical or sonographic diagnosis of an adnexal
mass (irrespective of their age and menstrual status),
and scheduled for surgery were included in the
study.
All the subjects were scanned with B-mode
(grayscale) ultrasonography initially, using 3.5-MHz
and 5-MHz probes for transabdominal and transvaginal scans, respectively, to assess the gross architecture of the pelvic mass and the presence of ascites.
The following characteristics of the adnexal masses
were recorded: size, site, septations, wall thickness,
loculations, papillary projections, echogenecity (cystic, solid, mixed), and liquid phase. The cutoff value
for thickness of the tumor wall and intracystic septa
in benign tumors was < 5 mm. Echopatterns considered ominous for malignancy were bilateral masses,
solid components, multiloculations, irregular borders, and the presence of ascites. Simple cysts,
smooth borders, clear cysts, or low-level echoes were
considered more in favor of the benign nature of a
tumor. On the basis of this subjective evaluation,
each tumor was classified as benign or malignant. If
possible, a specific diagnosis was made, e.g.
“endometriosis” or “dermoid cyst.” “Malignancy”
was not considered a specific diagnosis.
Following grayscale ultrasonography, color flow
imaging was done to determine the pattern of tumor
vascularity and, finally, pulsed Doppler was superimposed. Both Doppler and grayscale scans were performed by the same physician. Scanning was performed using an Aloka SSD-1700 ultrasound system,
equipped with a color and pulsed Doppler and a 3.5MHz transabdominal and 5-MHz transvaginal transducer. Using color flow imaging, the areas of intratumoral vascularization were searched. If intratumoral
vessels were not visualized, color flow imaging readings were obtained from peripheral vessels.
Arrangement of the vessels was noted. Thereafter,
the pulsed Doppler was superimposed. When an
arterial flow waveform was detected, the image was
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frozen. From the given inputs, the resistance index
(RI) and pulsatility index (PI) were calculated automatically. Resistance index is the maximum systolic
velocity minus the maximum diastolic velocity,
divided by peak systolic velocity. Pulsatility index is
the maximum systolic velocity minus the peak diastolic velocity, divided by the mean velocity. Three
separate vessels detected inside the tumor wall
determined neovascularization. The final RI and PI
were the lowest calculated measurement from the
three assessments made at separate sites within the
tumor. Different cutoff values for RI and PI to predict
malignancy were reported.21–5 In this study, the cutoff value for RI was < 0.50, and the cutoff value for PI
was < 1.0.
Sensitivity, specificity, and positive predictive
and negative predictive values were calculated for
both modes. All the patients included in the study
underwent surgery. Subjects with clinically evident
ovarian cancer had staging laparotomy. The decision
regarding the surgical approach in patients with
expected benign tumors, i.e. laparoscopy or laparotomy, was left to the surgeon. Results of the ultrasound studies were correlated with the operative
findings and pathological evaluation of the excised
specimen.
Data were collected on a predesigned performa,
entered in Microsoft Excel, and analyzed on the SPSS
statistical package, Version 10. The chi square test
was used to determine differences, and two-by-two
table was used to calculate sensitivity, specificity,
positive, and negative predictive values. Statistical
significance was defined as P < 0.05.
Results
One hundred and seventeen patients were examined over a 2-year period. Adnexal masses were more
frequent in women 20-40 years of age (54.7%), compared to 28% among women older than 40 years of
age. There were no patients younger than 10 years of
age. Fourteen patients were postmenopausal (age
range 40-70 years). The most common presenting
complaints were pelvic-abdominal pain (47.9%),
infertility (21.0%), and a mass in the abdomen
(17.9%). Among the study subjects, 106 (90.5%) had
benign ovarian tumors, and 11 (9.4%) had malignant
ovarian tumors. Four malignant tumors were diagnosed in postmenopausal women and seven in premenopausal women.

The diagnosis based on grayscale imaging resulted in a correct specific diagnosis in 42% of patients
and an incorrect specific diagnosis in 7% of cases.
Doppler examination added to a correct specific
diagnosis in 10.2%, either by changing an incorrect
specific diagnosis to a more correct one (five tumors)
or by increasing the confidence with which a correct
specific diagnosis was made. Doppler examination
was misleading in one tumor.
Most of the adnexal masses were cystic (57%),
and 97% of cystic masses were benign. Sixty-five percent of cystic masses were simple unilocular cysts.
Solid-cystic (complex) masses accounted for 35%.
Out of these, 78% were benign masses. Seven percent
of the adnexal masses were solid, and 77.7% of the
solid tumors were benign. Among the malignant
adnexal masses, 18% were cystic, 63.3% were solidcystic, and 18% were solid. There was a statistically
significant correlation between ovarian malignancy
and the presence of a solid component (82%), multiloculations (92%), thickened walls and septae (82%),
papillary projections from the inner wall (73%), and
ascites (63%), p value=0.000 (Figure 1). The presence
of dense echogenic contents of the cyst was found in
cystadenomas and endometriomas. The characteristic homogenous carpet of low-level echoes was
found in 78% of endometriomas. The results were
promising but specificity was not high enough. We
found sensitivity of 82% and specificity of 80%. The
positive predictive value was 30%, and the negative
predictive value was 98% (Table 1). The positive predictive value among postmenopausal women was
50%.
Assessment of tumor vasculature by Doppler
ultrasound revealed a mean PI of 1.6 ± 0.4 in benign
masses vs. 0.7 ± 0.1 in malignant neoplasms. Mean RI
values were 1.2 ± 0.3 and 0.4 ± 0.1 in benign and
malignant masses, respectively. Considering the
location of vessels, our results showed peripheral
vascularity in 85% of benign masses, while in malignant neoplasms central and septal vascularization
was more frequent (91%). Figure 2 shows mean RI
values at different locations in benign and malignant
masses.
The other important parameter in the assessment of tumor blood vessels was their arrangement.
Vessels were categorized as no vessel seen, regularly
separated vessels, and randomly dispersed vessels.
Among malignant tumors, 91% exhibited randomly
JIMA: Volume 40, 2008 - Page 71
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Table 1. Sensitivity, specificity, and predictive values for malignancy using the two modes of ultrasonography.
Sensitivity

Specificity

Positive Predictive
Value

Negative Predictive
Value

82%

80%

30%

98%

Grayscale

Color Doppler

91%

95%

distributed vasculature, compared to 22% of benign
masses. Regularly separated vessels were more frequent among benign masses (59% vs. 9%). Eighteen
percent of benign masses were avascular, while all
the malignant tumors were highly vascular.
There was a group of benign lesions, which
demonstrated a range of Doppler flow from high
resistance to low resistance. These included dermoid
cysts and endometriomas. Inflammatory masses
were extremely well perfused, and vascular impedance varied from very low to very high (RI 0.4–2.3),
giving a false-positive result of ovarian malignancy
in two cases. By using color Doppler results for the
prediction of malignancy, a high sensitivity of 91%
and specificity of 95% were achieved. Positive predictive value was 67%, and negative predictive value
was 99% (Table 1). One false negative result was
obtained in a borderline tumor, probably due to a
lack of neovascularization in the early stage of
malignant alteration.
Another major application of color Doppler
sonography was in the diagnosis of ovarian torsion
(7%) and ectopic pregnancy (3%). A high-velocity
low-impedance Doppler signal was obtained from
the area of developing placentation in cases of
ectopic pregnancy. Torsion typically affects flow
from both the ovarian artery and the adnexal branch
of the uterine artery. Typically there was absent
arterial flow within an enlarged ovary, which
demonstrated irregular solid areas related to
hemorrhage.
All the patients underwent surgery. Twenty percent of the patients had operative laparoscopy, 10%
had laparoscopy followed by laparotomy, and 65%
underwent
exploratory/staging
laparotomy.
According to histopathologic results of the malignant masses, serous cystadenocarcinomas were the
most common (47%), followed by mucinous cystadeJIMA: Volume 40, 2008 - Page 72
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Figure 1. Grayscale echopatterns.
1.4
1.2

Mean Resistance Index (RI) Value

Mode of Ultrasound

1.1

1

0.8
0.6
0.4

Benign

1.2

Malignant
0.9

0.7

0.6
0.4

0.5

0.5

0.2
0

Central

Peripheral

Septal

Pericystic

Figure 2. Mean resistance indices at different locations in benign and malignant lesions.
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nocarcinomas (27%), endometriods (9%), clear cell
(9%), and borderline tumors (9%). Among benign
masses, functional cysts were the most common
(34%), followed by cystadenomas (16%), inflammatory masses (15%), dermoid cysts (13%), endometriomas (9%), and paroophoron (7%).

Discussion
The differential diagnosis of adnexal masses,
including their benign and malignant nature, plays a
major role in defining the appropriate surgical strategy, which in the case of malignancy allows a longer
disease-free period and even a cure. Initially Meire et
al examined the accuracy of grayscale ultrasound in
delineating a malignant ovarian mass and found
fixed septa, tumor size exceeding 5 cm, and multiloculations ominous for ovarian malignancy. However
only 16 (59%) of 27 patients in their study with such
findings were found to have ovarian cancer.26 In our
study morphologic characteristics associated with a
strong likelihood of malignancy on grayscale ultrasound were the presence of a solid component (82%),
multiloculations (92%), and thickened septae. Buy et
al reported a sensitivity of 88% and a specificity of
82%,27 while in another study, Stein et al reported the
grayscale to have a sensitivity of 98% and a specificity of 62% for discerning malignant adnexal masses.28
We found a sensitivity of 82% and a specificity of 80%
in the present study, and in the subgroup of postmenopausal women, both sensitivity and specificity
were higher, 90% and 84%, respectively. An overall
literature review reflects a high sensitivity and a
lower specificity of grayscale in the diagnosis of
benign masses; although recently, Troiano et al
reported a sensitivity and specificity of 97%, with no
false-negative diagnoses of malignancy.29
Color Doppler ultrasound is a relatively new
technique available to clinicians. Results of various
studies have shown that increased vascularity of a
mass, central location of the vessels (evidence of
angiogenesis), and septal vascularization with low RI
values are suggestive of malignancy. Advantages of
this technique were demonstrated and used for the
first time in gynecology by groups in Zagreb and
London; both groups agree that this technique can
detect ovarian cancer as early as International
Federation of Gynecology and Obstetrics (FIGO) stage
Ia disease.30 A high resistance index to flow can be
used to exclude invasive primary ovarian cancer.31

The results of color Doppler sonography obtained in
our study also support the use of Doppler sonography in the preoperative assessment of a pelvic mass.
Both its sensitivity and specificity were higher than
those of grayscale ultrasound, 91% vs. 82% and 95%
vs. 80%, respectively.
Mean RI for benign and malignant masses were
1.2 and 0.4, respectively. Mean PI values for benign
and malignant masses were 1.6 and 0.7, respectively.
Fleischer and co-workers also described a significant
difference between PI values of benign (1.8 ± 0.8) and
malignant masses (0.8 ± 0.6).21,32 Hata and colleagues
found low impedance blood flow in eight cases of
ovarian cancer as well as four benign lesions.22
Bourne and associates reported seven cases of primary ovarian carcinoma. In six of these cases, areas
of neovascularization and low PI values were found.
A false-negative result was obtained from an early
borderline serous cystadenocarcinoma.31
Although cutoff values for RI and PI are quite
controversial, values used to indicate malignancy
were < 1.0 and < 0.5, respectively, as most of the published data showed a better sensitivity and specificity using lower PI values (i.e. 0.5 and lower), and
results of this study also support these values.
Fleischer and co-workers observed a significant
overlap at low PI values (< 1.0). Using a cutoff value
of RI below 0.4 to indicate malignancy led to a falsenegative result in two malignant tumors with an RI
of 0.6 and 0.5.21,32 In contrast, Weiner et al published
a report with only one false-positive result with
these cutoff values.23 We had one false-negative
result with an RI of 0.7, which was considered benign
using a cutoff value of < 0.5. A recent report from
Timor-Tritsch demonstrated a mean PI value of 1.15
for benign and a value of 0.45 for malignant tumors.24
These values are lower than in previous papers. At
the same time, Kawai and colleagues suggested a PI
cutoff value of 1.25.25 Despite different opinions
regarding cutoff values, 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. Although cutoff values
presented in different studies have been criticized,
these thresholds are used for statistical analysis.
Numerous studies have reported encouraging
evidence that there is an obvious difference between
benign and malignant tumor vascularization, yet
some overlap exists.33–34 This was also observed in the
JIMA: Volume 40, 2008 - Page 73
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present study, and moderate vascularity was documented in benign lesions i.e. 47% of inflammatory
masses, 28% of endometriomas, and 15% of dermoid
cysts. Fleisher and colleagues suggested that this
overlap could be reduced by considering the location
of vessels. They consider central vascularization as a
predictor of angiogenesis.21 Kurjak and coworkers
found that randomly dispersed vascular arrangement was associated with high angiogenic activity in
that particular area, suggesting malignancy.35 All of
these three parameters — RI, vessel location, and
arrangement — formed the skeleton of the latest
published color and pulsed Doppler scoring system.
In this way a sensitivity of 97% and specificity of
100% has been reported.36 Our results agree with the
findings of Fleischer and Kurjak. We found four
times higher vascularity in malignant masses compared to benign tumors, and we found that 90% of
malignant masses had evidence of angiogenesis.
Eighty-five percent of benign adnexal masses had
pericystic or peripheral vascularization. On the
other hand, central (90%) and septal vessels as well
as vessels within papillary projections (60%) were
more frequent in malignant tumors.
Although the number of postmenopausal women
in our study was small (N=14), both modes had a
higher positive predictive value in these women.
This can be explained by the fact that benign conditions having relatively similar echopatterns on
grayscale and high vascularity on color Doppler
ultrasound as malignant tissues, (i.e. inflammatory
masses, endometriomas) are less common in postmenopausal women compared to the reproductive
age group, thus reducing the overlap and resulting in
fewer false-positive results.

Conclusion
Added specificity afforded by Doppler substantiates its use in selected cases in which grayscale scan
is equivocal or nondiagnostic. However, still there is
a spectrum of findings and an overlap in values seen
in some benign conditions, and sonologists should
beware of this overlap, minimizing the false diagnosis of benign lesions as malignant.
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