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CLINICAL SCIENCES

What Do Contrast Media Add to Three-Dimensional Power Doppler
Evaluation of Adnexal Masses?
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Aim. To in ves ti gate the po ten tial use ful ness of con trast-enhanced three-dimensional (3D) power Dopp ler
sonography in the dif fer en ti a tion of be nign and ma lig nant adnexal le sions.
Methods. Thirty one pa tients with com plex adnexal le sions of un cer tain ma lig nancy at transvaginal B-mode
and/or color Dopp ler sonography were pro spec tively eval u ated with three-dimensional power Dopp ler
sonography be fore and af ter in jec tion of a con trast agent. Pres ence of a pen e trat ing pat tern and a mixed pen e -
trat ing and/or pe riph eral pat tern sug gested adnexal ma lig nancy. The re sults were com pared with histo -
pathology.
Re sults. There were 10 cases of ovar ian ma lig nancy and 21 be nign adnexal le sions. Of the 10 ovar ian can cers, 6
showed vas cu lar dis tri bu tion sug ges tive of ma lig nancy at nonenhanced 3D power Dopp ler sonography. Af ter
in jec tion of a con trast agent, a pen e trat ing vas cu lar pat tern and/or a mixed pen e trat ing and pe riph eral pat tern
were de tected in all cases of ovar ian ma lig nancy as well as in 2 be nign le sions (fibroma and cystadenofibroma),
which were misdiagnosed as ma lig nant. The use of a con trast agent with three-dimensional power Dopp ler
sonography showed di ag nos tic ef fi ciency of 96.7%, su pe rior to that of nonenhanced 3D power Dopp ler
sonography (93.5%).
Con clu sion. Con trast-enhanced 3D power Dopp ler sonography pro vides better vi su al iza tion of tu mor
vascularity in com plex adnexal masses. If used to gether with 3D mor pho log i cal ul tra sound as sess ment, en -
hanced 3D power Dopp ler im ag ing may pre cisely dis crim i nate be nign from ma lig nant adnexal le sions.

Key words: adnexa uteri; con trast me dia; Dopp ler ultrasonography, color; ovar ian neoplasms; ultrasonography, Dopp ler, 
color; vi sual con trast sen si tiv ity

Since Folkman’s first re port in 1971, it has
been well known that the de vel op ment of new
blood ves sels is nec es sary to sus tain the growth,
in va sion, and me tas ta sis of tu mors (1-3).

Tu mor microvasculature dif fers from the
vasculature of nor mal tis sues. Tu mor con tains gi -
ant cap il lar ies with out me dia, many si nu soi dal
thin-walled spaces, and arteriovenous shunts
with out in ter ven ing cap il lar ies. Newly formed
ves sels con tain no smooth mus cle cells in their
walls, only en do the lium with a small amount of fi -
brous con nec tive tis sue. This over growth of the
newly formed tu mor ves sels pro duces a cha otic
dis or ga nized net work of tor tu ous si nu soi dal ves -
sels tra vers ing the tu mor mass.

In tro duc tion of transvaginal color Dopp ler
brought a sig nif i cant im prove ment in the study of
tu mor angiogenesis. Sev eral stud ies showed that

color and pulsed Dopp ler sonography can de tect
ovar ian car ci noma at stage I (4-6). Al though pre vi -
ous stud ies re ported that both spec tral Dopp ler
and color Dopp ler ul tra sound could pro vide clin i -
cally use ful in for ma tion re lated to adnexal tu mor
vascularity, these im ag ing mo dal i ties have in her -
ent lim i ta tions, such as the lack of sen si tiv ity to
slow flow, an gle de pend ency, and aliasing, which
oc curs when the Dopp ler shift fre quency ex ceeds
one half of the pulse rep e ti tion fre quency (1).

The newly de vel oped power or en ergy modes
of color Dopp ler im ag ing, based on to tal in te grated 
power of the Dopp ler spec trum, af ford de pic tion of 
even smaller ves sels. With the de vel op ment of var -
i ous sonographic con trast agents, the role of power 
Dopp ler sonography has in creased (8-10).

The aim of our study was to eval u ate the vas -
cu lar pat tern in ques tion able adnexal le sions by
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use of 3D power Dopp ler ul tra sound with and
with out echo-enhancing con trast, to de ter mine
whether the im ag ing pat terns of iden ti fied ves sels
could be cor re lated with histopathological re sults.
We also eval u ated whether in for ma tion ob tained
with echo-enhanced 3D power Dopp ler ul tra -
sound could im prove the di ag nos tic ac cu racy in
adnexal le sions com pared with that of non -
enhanced 3D power Dopp ler ul tra sound. To the
best of our knowl edge, this is the first report in
pub lished work re lated to this topic.

Patients and Methods

Pa tients
The study pop u la tion in cluded a con sec u tive se ries of

pa tients who had com plex ovar ian le sions of un cer tain ma lig -
nancy at transvaginal B-mode and/or color Dopp ler
sonography dur ing the pe riod from Feb ru ary 1999 un til Feb -
ru ary 2000. We tested whether pen e trat ing or mixed pen e trat -
ing and pe riph eral pat terns of ves sels were as so ci ated with
ma lig nancy. Ex clu sion cri te ria were typ i cal be nign cysts with
ab sence of in ter nal ech oes, sharply de fined and smooth ves -
sel walls, no wall en hance ment, and in creased sonic-through
trans mis sion. A to tal of 31 pa tients with sus pi cious masses
(21 be nign adnexal le sions and 10 ovar ian ma lig nan cies)
were an a lyzed with 3D power Dopp ler sonography be fore
and af ter in ject ing a sonographic con trast agent (Levovist,
SHU 508A, Schering AG, Berlin, Ger many). Eigh teen of the
stud ied women were premenopausal (mean age 34.0±9.3,
range 19-49 years). Two women were perimenopausal (aged
47 and 54). The re main ing 11 women were postmenopausal
(mean age 62.0±5.8, range 51-77 years). Two postmenopausal 
pa tients had un der gone hys ter ec tomy, 12 and 7 years be fore
en ter ing the study.

Each pa tient filled out a ques tion naire on par ity, breast
feed ing, for mer or pres ent use of oral con tra cep tives, ovu la -
tion drugs or hor monal re place ment ther apy, use of talc in
fem i nine hy giene, smok ing, diet, drink ing hab its, and fam ily
his tory of dis eases. Two pa tients with ovar ian car ci noma had
one first-degree rel a tive with such a can cer. Fur ther more,
ovar ian ma lig nancy was de tected in a pa tient with a per sonal
his tory of endometrial car ci noma and in a pa tient with breast
can cer. Pa tients with be nign adnexal le sions had no per sonal
or fam ily his tory of ovar ian, endometrial, breast, or colorectal
ma lig nancy (Ta ble 1).

All ex am i na tions in premenopausal pa tients were per -
formed dur ing the early proliferative phase of the men strual
cy cle. Clin i cal in for ma tion, fam ily his tory, and data on CA
125 were not known to the sonographer. In all cases, the
histopathological di ag no sis was ob tained af ter sur gery, within 
one to two weeks af ter 3D power Dopp ler sonography.
Histopathologist was un aware of the scan re sults.

Sonographic Con trast Agent
The sonographic con trast agent used in this study,

Levovist, is a sus pen sion of monosaccharide microparticles
(galactose) in ster ile wa ter. A sta bi lized microbubble sus pen -
sion of the agent was ad min is trated in tra ve nously at a con -
cen tra tion of 300 mg/mL. An 8.5 mL dose of con trast agent
was in jected slowly at a rate of 0.2 mL/s by hand to re duce
artefacts and pro long the du ra tion of en hance ment. This was
fol lowed by an ad di tional 10 mL of phys i o logic sa line so lu -
tion to flush the can nula, us ing the same in jec tion rate.

Dopp ler Ex am i na tion
Three-dimensional power Dopp ler mea sure ments were

per formed with Voluson 530 D (Kretz Medison, Zipf, Aus -
tria). Vol ume data ac qui si tion was per formed us ing a 5-MHz
transvaginal vol ume probe. The size of the vol ume in flu -
enced the du ra tion of the scan ning pro ce dure (ac qui si tion
time ap prox i mately 30-60 sec onds). Fixed preinstalled in stru -
ment set tings for pulse rep e ti tion fre quency (1.0), sig nal
power (2.0), wall mo tion fil ter (61.0), per sis tence (rise 0.1, fall 
0.3), cen ter fre quency (mid dle), grey/color bal ance (G>192),

qual ity (4.0), and den sity (8.0) of the vol ume scan were used
through out the ex am i na tions. Only power Dopp ler gain was
ad justed to op ti mize sig nal qual ity. Vol u met ric data were
stored on a hard disk to allow full eval u a tion with out loss of
in for ma tion at a later point. Dur ing each ex am i na tion, we de -
fined a cube en clos ing the ves sels of the adnexal le sion, but
ex cluded the iliac ves sels or mo tion artefacts. De tec tion of the 
artefacts is very com mon due to the very sen si tive power
Dopp ler.

Af ter per form ing an ini tial scan by 3D power Dopp ler,
we in jected the en hanc ing con trast agent. There af ter, we had
to re duce the power Dopp ler gain be cause the power Dopp ler
noise, such as color bloom ing arte fact, was pro duced by the
ef fect of the con trast agent. We ma nip u lated the power Dopp -
ler gain through out the en tire scan ning at the high est pos si ble 
level that did not pro duce con sid er able artefacts. The re sul -
tant power Dopp ler gains ranged from 70% to 85%. Vol u met -
ric data of the power Dopp ler im ages were stored on the hard
disk at 60, 120, 180, 240, 300, 360, 420, and 480 sec onds af ter 
the ini ti a tion of the con trast agent in jec tion.
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Table 1. Demographic characteristics of 31 patients with
complex adnexal lesions

Demographic
characteristics

Number of adnexal lesions

benign
(n=21)

malignant
 (n=10)

total
(n=31)

Parity
0
1
2
3

3
5
6
7

2
4
3
1

5
9
9
8

Breast feeding
Yes
No

15
6

9
1

24
7

Oral contraceptives
Never users
1 year
1-5 years
5-10 years
10 years

7
11
2
1
0

9
1
0
0
0

16
12
2
1
0

Ovulation induction
Never users
Former users
Current users

19
1
1

9
1
0

28
2
1

Hormonal replacement therapy
Never users
Former users
Current users

19
1
1

9
0
1

28
1
2

Talk use
Never users
Former users
Current users

18
3
0

8
1
1

26
4
1

High fat diet
Never users
Former users
Current users

10
9
2

7
2
1

17
11
3

Smoking
Never users
Former users
Current users

8
6
7

5
3
2

13
9
9

Drinking
Never users
Former users
Current users

11
7
3

3
5
2

14
12
5



At 3D power Dopp ler ul tra sound, the vas cu lar dis tri bu -
tion in adnexal le sions was clas si fied as fol lows: pat tern 0, no
sig nal pat tern (which in di cated no de tect able ves sels); pat -
tern 1, pe riph eral pat tern, which in di cated blood ves sels that
arose out side the le sion and sur rounded the le sion; pat tern 2,
pen e trat ing pat tern, in di cat ing that blood ves sels arose out -
side the le sion and coursed to wards the cen ter; and pat tern 3,
mixed pen e trat ing and pe riph eral pat tern. Three-dimensional 
power Dopp ler find ings af ter con trast in jec tion were com -
pared with those be fore the be gin ning of the pro ce dure in
terms of sen si tiv ity, spec i fic ity, and pos i tive and neg a tive pre -
dic tive val ues. Di ag nos tic ef fi ciency was ex pressed as the
sum of true positives and true neg a tives di vided by the to tal
num ber of pa tients. We tested whether pen e trat ing or mixed
pen e trat ing and pe riph eral pat terns of ves sels were as so ci -
ated with adnexal ma lig nancy.

Data In ter pre ta tion
Vas cu lar fea tures were sep a rately an a lyzed for each

time in ter val fol low ing the in jec tion of the con trast me dium,
and the most rep re sen ta tive 3D im age of each pa tient was
cho sen for fur ther in ter pre ta tion.

The same sur gi cal team op er ated on all the cases and
histopathological di ag no sis was con sid ered fi nal. Ma lig -
nant tu mors were clas si fied ac cord ing to the In ter na tional 
Fed er a tion of Gy ne col ogy and Ob stet rics (FIGO) sys tem
(11). The study pro to col was ap proved by the hos pi tal’s
Eth i cal Com mit tee and all the pa tients con sented to par -
tic i pate in the study.

Results

From 31 pa tients re ferred for 3D power Dopp ler
ul tra sound due to in de ter mi nate find ing of the com -
plex adnexal mass, 10 women were found to have
ovar ian can cer at laparotomy, whereas 21 had be -
nign adnexal le sions. Histopathological ex am i na -
tion of the ovar ian ma lig nan cies re vealed 6 cases of
se rous and 2 cases of mucinous cysta denocar -
cinoma, 1 endometrioid cystadeno car ci noma, and 1 
clear cell car ci noma. Ac cord ing to FIGO guide lines,
there were 5 stage I cases (three stage Ia, one stage
Ib, and one stage Ic), 3 stage II cases, one stage III
case, and one pa tient with stage IV ovar ian car ci -
noma (11). Ta ble 2 lists histopa thological di ag no sis
of the adnexal le sions an a lyzed by en hanced and
nonenhanced 3D power Dopp ler sonography.

In 25 pa tients, the best im age qual ity was ob -
tained 180 sec onds af ter the ini ti a tion of the con -
trast in jec tion, in 4 pa tients af ter 120 sec onds, and
in 2 pa tients af ter 240 sec onds.

Using nonenhanced 3D power Dopp ler im ag ing 
of the 10 ovar ian can cers, 4 showed pen e trat ing ves -
sels, 2 had mixed pen e trat ing and pe riph eral pat -
tern, 2 showed pe riph eral ves sels, and in 2 cases no
flow was de tected. Ma lig nant le sions in which pen -
e trat ing ves sels were found at 3D power Dopp ler ul -
tra sound were 2.2-9.5 cm in di am e ter (mean 5.2
cm), le sions with mixed pen e trat ing and pe riph eral

pat tern were 2.5-9.2 cm in di am e ter (mean 5.6 cm),
le sions with pe riph eral ves sels were 3-8 cm in di -
am e ter (mean 5.4 cm), and those with no de tect able
ves sels were 9 and 12 cm in di am e ter. In the group
of be nign le sions, no de tect able flow was found in 8
pa tients, pe riph eral ves sels were seen in 12, and
pen e trat ing ves sels were ob served in 1 case. The be -
nign le sion with pen e trat ing ves sels was sub se -
quently found to be cysta denofibroma.

With the pres ence of cen trally pen e trat ing
ves sels as the di ag nos tic cri te rion for ma lig nancy,
3D power Dopp ler ul tra sound dem on strated a di -
ag nos tic sen si tiv ity of 80% and spec i fic ity of
95.4%. The pos i tive and neg a tive pre dic tive val -
ues were 80% and 91.3%, re spec tively (Ta ble 3).

Con trast-enhanced 3D power Dopp ler sono -
graphy showed pen e trat ing pat tern in 8 (80%) and
mixed pen e trat ing and pe riph eral pat tern in 2
(20%) pa tients with ovar ian ma lig nancy. Two ma -
lig nant tu mors with a lack of any sig nal on non-
 contrast 3D power Dopp ler sonography showed
sig nif i cantly in creased power Dopp ler sig nals af -
ter the in jec tion of a con trast agent. Pe riph eral and
pen e trat ing ves sels with ir reg u lar course were
clearly ob tained in these pa tients. In the group of
be nign le sions, con trast-enhanced 3D power
Dopp ler sonography dem on strated pe riph eral dis -
tri bu tion of the ves sels in 17 (80.9%) cases,
whereas two (9.5%) le sions (ovar ian dermoid and
chronic pel vic in flam ma tory dis ease – PID) re -
mained avascularized. In pa tients with fibroma
and cystadenofibroma, con trast-enhanced 3D
power Dopp ler sonography led to a misdiagnosis
of ma lig nant le sions due to the frank en hance ment 
of the ves sels of the solid com po nents which were
in ter preted as pen e trat ing ves sels.

With re gard to dif fer en tial di ag no sis be tween
ma lig nant and be nign ovar ian le sions, con trast-
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Table 2. Histopathological diagnosis of the adnexal
lesions

Histopathology No.

Cystadenoma 
serous  3
mucinous  2

Endometrioma  3
Ovarian dermoid  5
Chronic pelvic inflammatory disease  5
Hemorrhagic cyst  1
Cystadenofibroma  1
Fibroma  1
Ovarian carcinoma 10
Total 31

Table 3. Sensitivity, specificity, positive and negative predictive values, and efficiency of enhanced and nonenhanced
power Doppler sonography in detection of ovarian malignancy (values: mean ±95% confidence limits)a

Power Doppler No. of detected
tumors

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Efficiency (%)

3D  8 80.0±16.9 95.4±5.9 80.0±19.9 91.3±11.0 93.5±9.9
Enhanced 3D 10 100.0 95.2±8.1 90.9±18.3 100.0 96.7±6.0
aAb bre vi a tions: PPV – pos i tive pre dic tive value; NPV – neg a tive pre dic tive value; 3D – three-dimensional.
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 enhanced 3D power Dopp ler sonography reached
di ag nos tic sen si tiv ity and spec i fic ity of 100% and
95.2%, re spec tively. The pos i tive and neg a tive
pre dic tive val ues of this method were 90.9% and
100%, re spec tively. There fore, the di ag nos tic ef fi -
ciency ([true pos i tive + true neg a tive]/[true pos i -
tive + true neg a tive + false pos i tive + false neg a -
tive]) was im proved by use of sonographic con trast 
agent from 93.5% to 96.7% (Ta ble 3).

Discussion

Al though our study pop u la tion in cluded only 
31 pa tients, the use of a con trast agent in 3D
power Dopp ler ul tra sound seems to im prove the
sen si tiv ity for dif fer en ti at ing be nign from ma lig -
nant adne xal le sions be cause, in com par i son with
im ag ing with out con trast, it al lows better de tec -
tion of ma lig nant tu mor per fu sion. In the pres ent
study, con trast- enhanced 3D power Dopp ler ul tra -
sound showed 100% neg a tive pre dic tive value for
ma lig nant ovar ian le sions and 90.9% pos i tive pre -
dic tive value, and the lat ter was sim i lar to value of 
non- contrast- enhanced power Dopp ler ul tra -
sound. Fur ther more, our re sults show that the pat -
tern of ir reg u larly bran ched pen e trat ing ves sels in
sus pi cious adnexal le sions dem on strated at 3D
power Dopp ler ul tra sound with or with out con -
trast en hance ment is an im por tant fea ture that
should be con sid ered with other sono graphic cri -
te ria to pre dict the like li hood of ma lig nancy. The
ob vi ous lim i ta tion of this study is relatively small
num ber of pa tients, but these pre lim i nary re sults al -
ready show the use ful ness of this tech nique.

Ves sels can be de tected in be nign le sions very
of ten, but their ar chi tec tural struc ture and mor phol -
ogy are usu ally dis tin guish able from those in ma lig -
nant tu mors. We ob served neovascularization in a
num ber of ma lig nant neo plasm cases, where the tu -
mor ves sels were usu ally ran domly dis persed
within the stroma and pe riph ery, and some of them
formed sev eral tan gles or coils around the sur face.
The course of the main tu mor ves sel was usu ally ir -
reg u lar with more com pli cated branch ing. The di -
am e ter of these ves sels was “un even” and “thorn-
 like”. These find ings can be com pared with pre vi -
ous stud ies with con ven tional color Dopp ler ul tra -
sound (5,12). How ever, the ap peal of a 3D dis play is
that it is more com pre hen sive and al lows phy si -
cians to in ter ac tively un der stand the 3D ar chi tec -
ture of the microcirculation. In ad di tion, the res o lu -
tion of cur rent power Dopp ler is suf fi cient to de tect
ves sels of around 1 mm in di am e ter (13). In the deep 
ly ing and ne crotic adnexal le sions, con firmed by
histopat hology, nonenhanced 3D power Dopp ler
sonogra phy did not dem on strate intratumoral ves -
sels due to low ve loc ity flow. In two cases of ovar ian
ma lig nancy mea sur ing 9 and 12 cm, the ini tial scan
by 3D power Dopp ler did not re veal intratumoral
vascu larity. Con trast-enhanced 3D power Dopp ler
im ag ing was used for eval u a tion of adnexal tu mor
vascularity with out con sid er ing mor pho log i cal
find ings which would sug gest ma lig nancy. Ad min -
is tra tion of the con trast me dium in creased the

strength of re turn ing sig nal, gen er at ing a clear im -
age of cen tral stellate feed ing ves sels, on the ba sis of
which a di ag no sis could be made. There fore, we be -
lieve that con trast-enhanced 3D power Dopp ler is a
prom is ing tool in the eval u a tion of angiogenesis of
pel vic tu mors, es pe cially when a ma lig nant neo -
plasm is sus pected. This tech nique brings us a step
closer to angiographic im ages.

Con trast-enhanced 3D power Dopp ler ul tra -
sound was es pe cially use ful in pa tients with ovar -
ian der moids (n=5), chronic pel vic in flam ma tory
dis ease (n=5), and or ga niz ing hematoma in a pa -
tient with a hem or rhagic cyst. In these cases, con -
trast-enhanced 3D power Dopp ler ul tra sound ex -
am i na tion did not re veal signs of vascularity, or
de tected only dis crete pe riph eral vascularization
within the solid parts, which was man da tory to
avoid false pos i tive re sults for ma lig nancy. How -
ever, in 2 pa tients with be nign le sions (one
fibroma and one cystadenofibroma), con trast-
 enhanced 3D power Dopp ler sonography dem on -
strated the pen e trat ing ves sels within the solid
com po nent, which led to the misdiagnosis of
ovar ian ma lig nancy. Be cause the treat ment of be -
nign le sions with sus pi cious mor phol ogy con sists 
of sur gi cal re sec tion, these false pos i tive re sults
did not af fect the pa tients’ man age ment pro to cols.

The ac cu racy of con trast-enhanced 3D power
Dopp ler find ings for the dif fer en ti a tion of adnexal
tu mors may be in creased if an a lyzed to gether with
mor pho log i cal pa ram e ters ob tained by 3D ul tra -
sound. Power Dopp ler im ag ing can ac cu rately de -
tect char ac ter is tic struc tural ab nor mal i ties of the
ma lig nant tu mor ves sels, such as micro aneu ry sms,
arteriovenous shunts, tumoral lakes, dis pro por tional
cal i bra tion, elon ga tion, coil ing, and di cho t o mous
branch ing. Arteriovenous shunts, which are patho -
gnomonic for ovar ian ma lig nancy, can be ini tially
di ag nosed by pulsed Dopp ler anal y sis by vi su al iza -
tion of both ar te rial and ve nous blood flow pat terns.
Three-dimensional power Dopp ler ul tra sound can
prove this find ing as com mu ni ca tions be tween two
ves sels within the adnexal tu mor.

Three-dimensional power Dopp ler dis play al -
lows the phy si cian to vi su al ize many over lap ping
ves sels eas ily and quickly, as well as to as sess
their re la tion ship to other ves sels or other sur -
round ing tis sues. It per mits an ultrasonographer
to view the struc tures in three di men sions in ter ac -
tively, rather than to as sem ble the sec tional im -
ages in his/her mind. In ter ac tive ro ta tion of power 
Dopp ler ren dered im ages pro vides im proved vi su -
al iza tion of the tu mor vasculature. Usually, tu mor
ves sels are ran domly dis persed within the stroma
and pe riph ery, some times form ing sev eral tan gles
or coils around the sur face. Fur ther more, sono -
graphic find ings sug gest ing ma lig nancy, such as
ir reg u lar and thick cys tic walls, solid com po nent,
pap il lary pro tru sions, thick septa, and non-homo -
geneous echo genicity can be pre cisely an a lyzed
with 3D ul tra sound (14). There fore, we ex pect the
com bined use of 3D ul tra sound and en hanced 3D
power Dopp ler mo dal ity to be very use ful in mak -
ing dif fer en tial di ag no sis of ques tion able adnexal
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masses and par tic u larly in dis crim i nat ing ma lig -
nant from be nign le sions.
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