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 AAbbssttrraacctt::
OObbjjeeccttiivvee:: TToo pprroossppeeccttiivveellyy aasssseessss tthhee ddiiaaggnnoossttiicc ppeerrffoorrmmaannccee ooff DDoopppplleerr

uullttrraassoouunndd aanndd  ggrraayyssccaallee iimmaaggiinngg ffoorr tthhee ddiissccrriimmiinnaattiioonn ooff bbeenniiggnn aanndd mmaalliigg--
nnaanntt aaddnneexxaall  mmaasssseess..

SSttuuddyy ddeessiiggnn:: OObbsseerrvvaattiioonnaall  ssttuuddyy..
DDuurraattiioonn:: JJaannuuaarryy 22000022 ttoo DDeecceemmbbeerr  22000033..
SSeettttiinngg:: MMootthheerr aanndd CChhiilldd HHeeaalltthh ((MMCCHH)) CCeenntteerr,, UUnniitt IIII,, PPaakkiissttaann IInnssttiittuuttee ooff

MMeeddiiccaall SScciieenncceess,,  IIssllaammaabbaadd,, PPaakkiissttaann..
SSuubbjjeeccttss:: PPaattiieennttss wwiitthh aann aaddnneexxaall mmaassss wwhhoo wweerree sscchheedduulleedd ffoorr ssuurrggeerryy iinn

tthhee ssttuuddyy.. PPaattiieennttss mmaannaaggeedd ccoonnsseerrvvaattiivveellyy wweerree  eexxcclluuddeedd..
MMeetthhooddss:: AAllll ssuubbjjeeccttss uunnddeerrwweenntt aa  pprreeooppeerraattiivvee  ggrraayyssccaallee aanndd ccoolloorr DDoopppplleerr

uullttrraassoouunndd.. OOnn tthhee bbaassiiss ooff ssuubbjjeeccttiivvee eevvaalluuaattiioonn,, eeaacchh ttuummoorr wwaass ccllaassssiiffiieedd aass
bbeenniiggnn oorr mmaalliiggnnaanntt.. RReessuullttss ooff ddiiaaggnnoossttiicc ssttuuddiieess wweerree ccoorrrreellaatteedd wwiitthh ppaatthhoo--
llooggiiccaall eevvaalluuaattiioonnss ooff tthhee eexxcciisseedd  ssppeecciimmeennss..

MMaaiinn oouuttccoommee mmeeaassuurreess:: SSeennssiittiivviittyy,, ssppeecciiffiicciittyy,, ppoossiittiivvee pprreeddiiccttiivvee vvaalluuee,,
aanndd nneeggaattiivvee pprreeddiiccttiivvee vvaalluuee ooff bbootthh mmooddeess ooff  uullttrraassoouunndd..

RReessuullttss:: AA ttoottaall ooff 111177 ppaattiieennttss wweerree eexxaammiinneedd dduurriinngg tthhee ssttuuddyy  ppeerriioodd.. GGrraayy --
ssccaallee eecchhooppaatttteerrnnss ccoonnssiiddeerreedd oommiinnoouuss ffoorr mmaalliiggnnaannccyy wweerree ssoolliidd ccoommppoonneennttss,,
tthhiicckk sseeppttaaee,, ppaappiillllaarryy pprroojjeeccttiioonnss,, aanndd aasscciitteess.. UUssiinngg DDoopppplleerr ffllooww ssttuuddiieess,,
mmaalliiggnnaanntt nneeooppllaassmmss ooffffeerreedd lloowweerr rreessiissttaannccee ttoo bblloooodd ffllooww,, aass mmeeaassuurreedd bbyy tthhee
rreessiissttaannccee iinnddeexx ((RRII)) aanndd tthhee ppuullssaattiilliittyy iinnddeexx ((PPII)).. TThhee mmeeaann PPII ooff bbeenniiggnn ttuummoorrss
wwaass 11..66 ±± 00..44 vvss.. 00..77 ±± 00..11 ooff mmaalliiggnnaanntt mmaasssseess,, aanndd tthhee mmeeaann RRII wwaass 11..22 ±± 00..33 vvss..
00..44 ±± 00..11 ooff mmaalliiggnnaanntt ttuummoorrss.. TThhee sseennssiittiivviittyy aanndd ssppeecciiffiicciittyy ooff  ggrraayyssccaallee wwaass 8822%%
aanndd 8800%%,, wwhhiillee ffoorr DDoopppplleerr iimmaaggiinngg iitt wwaass 9911%% aanndd 9955%%,, rreessppeeccttiivveellyy.. TThhee ppoossii--
ttiivvee pprreeddiiccttiivvee vvaalluuee ooff ggrraayyssccaallee wwaass 3300..00%% vvss.. aa 6666..77%% pprreeddiiccttiivvee vvaalluuee ooff
DDoopppplleerr iimmaaggiinngg,, aanndd tthhee nneeggaattiivvee pprreeddiiccttiivvee vvaalluuee wwaass 9988%% vvss.. 9999%% ooff DDoopppplleerr
 uullttrraassoouunndd..

CCoonncclluussiioonn:: DDoopppplleerr uullttrraassoouunndd ooffffeerrss aa hhiigghheerr sseennssiittiivviittyy aanndd ssppeecciiffiicciittyy ffoorr
ddiiffffeerreennttiiaattiioonn ooff aaddnneexxaall mmaasssseess ccoommppaarreedd ttoo  ggrraayyssccaallee  uullttrraassoouunndd..

KKeeyy wwoorrddss:: BBeenniiggnn aaddnneexxaall mmaasssseess,, mmaalliiggnnaanntt aaddnneexxaall mmaasssseess,, DDoopppplleerr uullttrraa--
ssoouunndd,,  ggrraayyssccaallee  uullttrraassoouunndd..
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IInnttrroodduuccttiioonn

Adnexal masses are one of the most frequent
reasons for referral to a gynecologist because
they could be malignant.1 Four to 24% of mass-

es discovered before menopause and between 39%
and 63% of those found after menopause are malig-
nant.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 malig-
nancies, with a 5-year survival rate of 40-50% for all
stages.6–8 There has been little improvement in sur-
vival 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 his-
tory, examination, tumor markers, and ultrasound.
Whether ultrasound can differentiate between
benign and malignant adnexal masses has been the
subject of many studies.10–12  Gray scale 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 differenti-
ating adnexal masses has been suggested in various
published studies reporting diagnostic accuracies of
90% and higher.13–20  Color Doppler studies in a devel-
oping country such as Pakistan are limited because
they involve expensive equipment. This study, con-
ducted 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.

SSuubbjjeeccttss aanndd  MMeetthhooddss
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 teach-
ing 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 transvagi-
nal scans, respectively, to assess the gross architec-
ture 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 (cys-
tic, solid, mixed), and liquid phase. The cutoff value
for thickness of the tumor wall and intracystic septa
in benign tumors was < 5 mm. Echopatterns consid-
ered ominous for malignancy were bilateral masses,
solid components, multiloculations, irregular bor-
ders, 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 superim-
posed. Both Doppler and grayscale scans were per-
formed by the same physician. Scanning was per-
formed using an Aloka SSD-1700 ultrasound system,
equipped with a color and pulsed Doppler and a 3.5-
MHz transabdominal and 5-MHz transvaginal trans-
ducer. Using color flow imaging, the areas of intratu-
moral vascularization were searched. If intratumoral
vessels were not visualized, color flow imaging read-
ings 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 auto-
matically. 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 dias-
tolic 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 cut-
off 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 laparo-
tomy, was left to the surgeon. Results of the ultra-
sound 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.

RReessuullttss
One hundred and seventeen patients were exam-

ined over a 2-year period. Adnexal masses were more
frequent in women 20-40 years of age (54.7%), com-
pared to 28% among women older than 40 years of
age. There were no patients younger than 10 years of
age. Fourteen patients were  post menopausal (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 diag-
nosed in  post menopausal women and seven in  pre -
menopausal  women.

The diagnosis based on  gray scale imaging result-
ed 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 per-
cent 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  solid-
 cystic, and 18% were solid. There was a statistically
significant correlation between ovarian malignancy
and the presence of a solid component (82%), multi-
loculations (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 characteris-
tic 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 pre-
dictive value among  post menopausal 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 malig-
nant 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 assess-
ment 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
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distributed vasculature, compared to 22% of benign
masses. Regularly separated vessels were more fre-
quent 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 imped-
ance 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 pre-
dictive 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 per-
cent of the patients had operative laparoscopy, 10%
had laparoscopy followed by laparotomy, and 65%
underwent exploratory/staging laparotomy.
According to histopathologic results of the malig-
nant masses, serous cystadenocarcinomas were the
most common (47%), followed by mucinous cystade-
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MMooddee ooff UUllttrraassoouunndd SSeennssiittiivviittyy SSppeecciiffiicciittyy
PPoossiittiivvee PPrreeddiiccttiivvee

VVaalluuee
NNeeggaattiivvee PPrreeddiiccttiivvee

VVaalluuee

Grayscale 82% 80% 30% 98%

Color Doppler 91% 95% 67% 99%

TTaabbllee 11.. SSeennssiittiivviittyy,, ssppeecciiffiicciittyy,, aanndd pprreeddiiccttiivvee vvaalluueess ffoorr mmaalliiggnnaannccyy uussiinngg tthhee ttwwoo mmooddeess ooff uullttrraassoonnooggrraa--
pphhyy..

FFiigguurree 11.. GGrraayyssccaallee eecchhooppaatttteerrnnss..
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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%), inflammato-
ry masses (15%), dermoid cysts (13%), endometri-
omas (9%), and paroophoron (7%).

DDiissccuussssiioonn
The differential diagnosis of adnexal masses,

including their benign and malignant nature, plays a
major role in defining the appropriate surgical strat-
egy, 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 multiloc-
ulations 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  gray scale ultra-
sound 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 specifici-
ty 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  sub group of  post-
menopausal 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 sonogra-
phy in the preoperative assessment of a pelvic mass.
Both its sensitivity and specificity were higher than
those of  gray scale  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 pri-
mary 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 pub-
lished data showed a better sensitivity and specifici-
ty 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 false-
negative 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 recog-
nition of angiogenesis as a reference point for malig-
nant changes within the ovary has proved to be a
highly sensitive parameter. Although  cut off 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
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present study, and moderate vascularity was docu-
mented 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  co workers
found that randomly dispersed vascular arrange-
ment 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 com-
pared 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 condi-
tions 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 post-
menopausal women compared to the reproductive
age group, thus reducing the overlap and resulting in
fewer false-positive  results.

CCoonncclluussiioonn
Added specificity afforded by Doppler substanti-

ates its use in selected cases in which  gray scale 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 diagno-
sis of benign lesions as  malignant.
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