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Abstract. Background: The present investigation aimed at
assessing the possibility of distinguishing between malignant
and benign breast lesions by measuring the signal intensity in
vessels of the suspect lesions over time after administration of
the ultrasound contrast agent Levovist®. Materials and
Methods: Levovist® was administered intravenously to 21
patients with breast cancer and 12 patients with a benign breast
lesion. In the subsequent ultrasound investigation (Color
Power Angiography) the resulting increase in brightness over
time in the vessels of the lesions was measured using the
videodensitometry method. From the calculated time-
brightness curves, the time to maximum brightness (T,,,,), time
to 90% of maximum brightness (Tqyq,), maximum brightness
and other time and brightness parameters were determined.
The data were analyzed by means of the Mann-Whitney-
Wilcoxon test. Additionally, the sensitivity and specificity were
calculated for a sequence of cut-off levels for Topo Tpuw
maximum brightness and wash-in wash-out parameters.
Results: The differences between the benign and the malignant
lesions for the parameters T,,,, and Tg,q, were statistically
significant. The malignant foci showed a significantly more
rapid in-flow of the contrast agent (p=0.006) than the benign
lesions. The wash-in wash-out time for Levovist® was
significantly shorter for the malignant lesions than for the
benign lesions (p=0.02). The time difference in attaining
maximum brightness was not significant (p=0.14). The
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specificity and sensitivity made a more precise differentiation
between benign and malignant tumors possible. Conclusion:
The use of a contrast agent in Doppler ultrasound enhances
the diagnostic reliability in distinguishing between malignant
and benign lesions, justifying the use of a contrast agent with a
high specificity (92%) such as Levovist®. However, invasive
pre-operative methods such as punch biopsy are not, thereby,
rendered unneccessary. It is possible that the combination of
Levovist® and videodensitometry will make it possible to
increase the specificity of breast cancer diagnosis.

Breast ultrasound is a standard procedure for the differential
diagnosis of breast cancer. For more than 20 years, Doppler
sonography has been used as a method to characterize the
blood flow in tumor vessels. The goal is to obviate biopsy as
a future diagnostic procedure, by achieving a reliable
diagnosis through improved sonographic techniques.

Based on the development of color Doppler, tumor
angiogenesis can be observed by means of sonography.
Additional methods of imaging, among them the so-called
"power Doppler", were developed, which were able to record
not only the frequency, but also the intensity of the signal
from which conclusions could be drawn about the blood flow
(1-4). Contrast agents ("signal boosters") were then developed,
which were designed to enhance the effectiveness of these
techniques (5, 6-9) by strengthening the ultrasound signal.

One of these signal boosters is Levovist®: Levovist® was
registered in Germany in 1996 as an echocontrast agent
which survives transit through the lungs and has become a
necessary agent for ultrasound contrast medium (USCM)-
supported sonographic examination of tumor vascularization
(10-13). Unfortunately, Doppler sonoraphy does not permit
quantitative measurements, making the evaluation of the
images highly subjective (8). Color Doppler/Doppler duplex
are preferable, as it permits objective measurement.
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Table 1. Histological classification of the malignant breast lesions.

Table I1. Histological classification of the benign breast lesions.

TNM classification No. UICC classification No. Classification No.
pT1 7 I 7 Fibroadenoma 3
pT2 2 IIa 1 Intracystic or intraductal papilloma 3
pT3 3 IIb 1 Mastitis nonpuerperalis 2
pT4b 4 I1Ia 3 Fibrotic scar 1
pT4d 6 I1Ib 10 Breast hyperplasia 2
pNO 8 (n=11; mean age (years)=47.6+£12.4)

pN1 14

Invasive ductal 20

Invasive lobular 2

(n=22; mean age (years)=58.1%11.5)

Videodensitometry offers the possibility of increased
objectivities quantification, since the wash-in and wash-out
of the contrast medium can be measured and plotted as a
time-brightness (signal intensity) curve, which yields
information about the blood flow in tumor vessels (14, 15).

In 1997, the Charité University in Berlin, Germany,
began using the contrast agent Levovist®, with promising
results (10). The aim of the present study was to find out
whether computer-aided videodensitometry after Levovist®
injection would achieve more reliable discrimination
between malignant and benign breast lesions.

Materials and Methods

Thirty-three patients with breast lesions were examined. The
criterion of suitability was evidence of blood vessels in the lesions
by means of power Doppler. None of the patients suffered from
hypertension or diseases of the arterial vessels. Twenty-seven of the
patients’ breast lesions were palpable; a non-palpable lesion was
detected in 6 patients. In all thirty-three patients, both
mammography and breast ultrasound were performed.

Levovist™ was injected following examination by means of
videodensitometry. The imaged tissue was then extirpated for
histological investigation. Histology showed 12 benign lesions; 21
patients were found to present with tumor (Tables I, IT).

Ultrasound examination and the contrast agent. All examinations
were performed using the ultrasound equipment (HDI 3000, ATL,
Bothel, USA) with a wide-band linear transducer L10-5
(frequencies used: B-mode-scan, 10 MHz). Adjustment of the
equipment for color imaging of the blood flow was carried out as
follows: a pulse repetition frequency (PRF) of 700-1,000 Hz and a
medium color filter (25-100 Hz) were selected. The color gain was
adjusted so that the maximum brightness of the color signal outside
the native vessels was in the lower range of the selected color map.
Due to the special characteristics of the videodensitometer, the
B-mode gain had to be turned down completely immediately
before the Levovist® injection (Figure 1).

The ultrasound contrast agent Levovist™ was then injected into
the left cubital vein as a bolus (5-10 s) at a concentration of
300 mg/ml (7 ml solution).
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Videodensitometry. The entire investigation, including the
enhancement resulting from the USCM was recorded on S-VHS
video-tape. The videodensitometry of the video-tape was carried out
by a doctor who had no knowledge of the histological results. The
videodensitometer is based on a personal computer outfitted as
follows: 33 MHz Intel’486 microprocessor, Dash 16 Videodigitizer
board with an eight-bit greyscale (Keithley, USA). The digital data
was analyzed by means of densitometry. The analysis was based on
the following:

a) The additive color mixture procedure leads to a brighter or
darker color depending on the relative weights of the individual color
components. If all color components have the maximum value 255,
the resulting color is white; if all colors have the minimum value of
zero, the resulting color is black. The densitometry technique requires
that the information-bearing pixels of the CPA (Color Power
Angiography) signals be evaluated and separated from the non-
information-bearing B-images. This means that the evaluation
software has to have an algorithm for filtering the image information.
To this end, our group developed a special application on the basis of
the Game SDK (Software Development Kit) from Microsoft®.

b) The grey color of the B-image always consists of equal
proportions of red, green and blue (RGB) to filter out the color
CPA-image from the B-image. This is done by setting a rectangle
about the areas with relevant information (region of interest, ROI).
It is only within this rectangle that the image information is filtered
and evaluated.

¢) The evaluation program counts the pixels and calculates the
sum of all the RGB values within the ROI. The average brightness
of a single pixel within the imaged area is then calculated from the
sum of all the RGB values and the number of pixels. If a whole
video sequence is analyzed in this manner, an ordered series of
values for the average brightness is obtained. These values are then
entered into a time-intensity graph to give a curve that shows the
flow of information of one or several vessels over the period of
observation. After administration of an ultrasound contrast agent,
the vessel being investigated becomes brighter and the colored area
larger (so-called “color blooming”). The number and the brightness
of the information-bearing pixels increase, which leads to an
increase in the average brightness, with the undesirable color
blooming effect being minimized by use of the average brightness.

Measurements of the brightness were made within a
rectangular ROI defined by the investigator during the time of
the wash-in and wash-out of the contrast agent, over a period of
at least 120 sec. After looking at the digitized video, the
investigator placed the ROI as close as possible around a pixel
area which had shown the effect of the contrast agent over an
extended period of time and which was minimally disturbed by
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Figures 1a-c. Videodensitometry of a breast cancer lession stage IIb (pT3, pN1, G3 MO receptor positive).

movement artefacts. If breathing or other movements of the The measured and calculated parameters were defined as
patient during the course of the investigation led the pulsation  follows (Figure 2):

pixel area to "slip" out of the ROI, the ROI hat to be enlarged or a) Time parameters: Tq, | time to reach 10% of the maximum
a different pixel area chosen. brightness (left side of the peak); Tgyg, 1, time to reach 90% of the
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maximum brightness (left side of the peak); T, time to reach
maximum brightness; Ty, ;, time from maximum brightness back
to 10% of maximum brightness (right side of the peak); Toyq, ,,
time from maximum brightness back to 90% of maximum
brightness (right side of the peak).

b) Brightness parameters: Byg), minimum brightness intensity;
B4 maximum brightness intensity; B(jy), brightness 120 sec
after injection of contrast agent.

c) Calculated parameters: "time and brightness parameter", T, .,
X Biax / (Bmax = B(0)); "wash-in-wash-out time parameter”, (Togq, 1
= Tio%,1) / (Tro%,r = Tooos,o)-

Statistical analysis was done by means of the Mann-Whitney-
Wilcoxon test (p<0.05). The sensitivity and specificity were calculated
for a sequence of cut-off levels and an optimal cut-off time level for
attaining the maximum specificity for each parameter was determined.

Results

The mean age of the patients with breast cancer was 58.1
years, and those with benign lesions was 47.6 years. The
mean size of the malignant tumors was 22.5 mm (*13.4),
and that of the benign tumors was 19.8 mm (+12.3).

In the case of malignant lesions, the mean time
parameters reached 10% of maximum brightness (T}, )
after 10 sec and 90% of maximum brightness (Tg(q, ;) 18.5
sec after USCM injection. In comparison, for the benign
lesions the 10% maximum was reached 16.5 sec and the
90% maximum 26 sec after USCM injection. In the case of
breast cancer, the maximum USCM enhancement was
reached 22 sec and for benign lesions 35 sec after USCM
injection (Table III).

The videodensitometer measurements made after
administration of Levovist with respect to the time
parameters Tggg,, Tpax and to all the calculated
parameters differed significantly between breast cancer and
the benign lesions (Table III). In the case of breast cancer,
the median times to maximum brightness (p<0.006) and to
90% of maximum of brightness (p<0.005) were
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Figure 2. Time-brightness curve and definition of

characteristic time and brightness parameters.

Table III. Measured and calculated parameters: median and range.
Evaluation by the Mann-Whitney-Wilcoxon test.

Parameters Breast cancer Benign lesion p-value
(n=22) (n=11)
Ti0%.1 10 sec. (8-14) 16.5 sec (9.5-21.5)  0.08
Togo,1 18.5 sec. (14-22) 26 sec (21.5-40.5) 0.005
T hax 22 sec (18-25.9) 35 sec (23-44) 0.006
T109.r 28 sec. (22-36) 44 sec (28-53) 0.6
Togor 81 sec. (56-100) 73 sec (59-119) 0.99
Byo): 26 DU (9-34) 14 DU (4.5-36.5) 0.3
max 166.5 DU (122-202) 147.5 DU (71-175.5)  0.14
By120s) 15 DU (6-35) 22 DU (7.5-61.5) 0.36
‘max X Bmax 26 sec 42.8 sec 0.003
(Bmax — B(o)) (21.8-30.1) (32.5-49.6)
(Togon = Tioo)) /! 0.19 0.32 0.02
(Tior = Toogs,r)  (0.07-0.29) (0.21-0.76)

(DU=density units)

significantly shorter than for the benign lesions. The ratios
of the Levovist® wash-in to wash-out times in the breast
cancer patients were significantly smaller than in the benign
lesion patients (p=0.02).

The measured CPA brightness was not significantly
higher in the cancer than in the benign lesions, either prior
to the administration of Levovist® (By)) or in the
measurement of the maximum brightness after injection of
the contrast agent (B,). The measured values
corresponded to both the observers’ subjective impressions
of the S-VHS tapes and the time-brightness curves
(compare Table IIT and Figures 3 and 4).

Figures la-c. The color power images of a breast cancer
lesion in a patient with a stage IIb tumor after UICC (pT3
pN1 G3 MO receptor-positive). The CPA image prior to
injection of the ultrasound contrast agent (the greyscale
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Figure 3. A typical videodensitometry curve for breast
cancer.

Figure 4. A typical videodensitometry curve for a benign lesion
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image was suppressed). After administration of the contrast
agent, the change in CPA brightness in the blood vessels was
measured in the region of interest (ROI) at the upper left
border of the image. The effect after injection of the
ultrasound agent, both the brightness and the area of the
CPA signal increased. After a minute, the decreasing effect
(wash-out) of Levovist® was observed.

In order to evaluate the usefulness of the parameters for
differentiation between benign and malignant lesions, the
sensitivity and specificity were calculated for each parameter
which showed significant differences between the two
groups (Table IV and Figures 5 and 6).

The parameter with the highest specificity was the "time-
and-brightness parameter" (specificity: 92%; sensitivity: 73%;
cut-off value: 28.4 sec) followed by the measured parameter
Togg, (specificity: 92%; sensitivity: 64%; cut-off value: 20 sec).
Tnax showed a specificity of 91% and a sensitivity of 67% for
a cut-off value of 28 sec and the calculated "wash-in wash-out"
parameter had a specificity of 75% and a sensitivity of 68%
for a cut-off value of 0.23.

(fibroadenoma).

Table IV. Sensitivity and specificity of selected parameters.

Parameter Cut-off value Sensitivity Specificity

Too,.1 < 20 sec 64% 92%
‘max < 28 sec 67% 91%

Tmax X Bmax/ < 28.4 sec 73% 92%

(Bmax - B(O))

(T90%,1 - TlO%,l) / < 0.23 sec 68% 75%

(T109%,r = Toos,r)

Discussion

Based on the fact that microbubble echo-enhancers are blood-
pool agents, they can be used as intravascular tracers to study
the dynamic blood flow in tumors. The real-time property of
ultrasound makes the combination of ultrasound investigation
and contrast agents particularly suitable for functional kinetic
measurements of transit times and other indices.
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Figure S. Sensitivity and specificity of the parameter Toyq, 1.

While Doppler sonography examinations have been used
for several years (1, 3, 11, 13, 16, 18-21), it has not been
possible to achieve a 100% differentiation between benign and
malignant tumors on the basis of blood flow. For instance,
Dixon et al. (11) examined 53 patients by color Doppler and
obtained 25 positive scans of 32 carcinomas, for a sensitivity
of 78% (specificity of 100%) for breast cancer. Kedar et al.
(13) attempted to quantify color Doppler in a group of 74
patients and were able to prove that the peak and mean
velocities were significantly higher for cancers than for benign
lesions. Similarly, Blohmer et al. (1) carried out an
examination of 74 patients by means of color and pulsed-wave
Doppler and determined a significantly higher systolic velocity
for malignant lesions as compared to the contralateral breast.

In addition to the question of whether there are significant
differences in the blood flow in benign and malignant lesions,
the vascularization of tumors should be considered. In
Madjar et al’s. study (20), it was surprising that, in all the 471
patients investigated, all the lesions showed a blood flow (in
contrast with other studies in which up to 30% of the patients
did not show a blood flow — see below). However, neither the
Resistance Index (RI) nor the AB ratio allowed for reliable
discrimination between malignant and benign lesions. There
was a high variability of flow velocities in malignancies. This
contrasts with the results of Adler et al. (5) who, however,
determined a clear vascularization in only 53% of
carcinomas. The difficulting is evaluating the RI can be seen
from the contradictory results obtained by different
researchers. Sohn et al. (22) found significantly lower RI
values in cancer tumors than in benign lesions, whereas
Madjar et al. (20) determined that malignant tumors had
significantly higher RI values than benign tumors.

Prospective resistance measurements were carried out on
large patient collectives (n=142) with the result of a cut-off at
0.8. Hollerweger et al. (23) showed that a resistive index
(RI)<0.8 is typical for benign lesions and an RI>0.8 is
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Figure 6. Sensitivity and specificity of the wash-in wash-out parameter.

significant for malignant lesions, with a sensitivity of 55% and
a specificity of 96%. These authors also defined a malignancy
indicator for an RI>0.8 and RI differences >0.2. Additional
results with regard to the RI were obtained by Rettenbacher
et al. (24), who showed that the RI underwent significant
changes depending upon the menopausal status of the women.
In 200 pre- and postmenopausal women a significant
difference (p=0.0001) was measured, with the postmenopausal
women having the higher RI values. The authors concluded
that reduced metabolic activity in postmenopausal women is
behind these differences. A different explanation for a higher
vessel resistance might be the increase in arteriosclerosis in
older people, with a corresponding age-dependent increase in
systemic diseases, such as diabetes and hypertension, which
might also lead to changes in resistance in the breast. It is an
open question whether such changes increase the risk of
developing breast cancer.

There is still no standardization of the RI. In general,
there is a tendency to find increased RI in carcinomas (7,
25, 26), but with much overlap into the benign range. These
extremely vague results are also true for other measurable
blood vessel parameters (e.g., PI, V.« systolic Doppler
frequency, end diastolic peak Doppler frequency) (27, 28).

When it is possible to obtain images of vessels the following
questions arise: How many vessels or arborizations of these
vessels can be seen in a ROI and are they located peripherally
and/or centrally? Since all these categories are subjective, they
are difficult to evaluate. On the one hand, smaller malignant
tumors show a lower blood flow than larger malignant tumors.
Significantly more vessels can be imaged in malignant tumors
(25), but it is still unclear whether an increased vascularization
(29, 30) is to be found at the periphery (31) or in the center of
the tumor (28). In a comparison with angiography (32), color
signals were obtained more frequently in carcinomas (89%)
than in benign lesions (56%), thus the color Doppler and
angiography results are in agreement.
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In summary, it can be said that more Doppler signals, a
higher flow-rate and a greater concentration of vessels can
be seen in breast carcinomas than in benign lesions (4), but
the specificities and sensitivities diverge too much between
studies for a reliable standard to be defined.

Here, it was shown that benign and malignant lesions had
a different enhancement (Figures 3 and 4). Malignant
lesions showed a significantly quicker wash-in and wash-out
of the contrast agent as compared with benign lesions, as
seen in the images of contrast agent enhancement in a
patient with a T3 breast cancinoma (Figures 1a-c). Despite
the lack of clarity regarding blood circulation in tumor
vessels, it can be hypothesized that, due to an increased
number of vessels, collaterals and shunts, the blood
circulation is increased significantly in tumors, enabling a
more rapid wash-in and wash-out of the contrast agent.

As in our study, Huber et al. (14, 33) used the contrast
agent Levovist®. Fifty-seven patients were examined with
the aim of objectively evaluating the effects of a
microbubble contrast agent on color Doppler imaging. It
was first shown that the peak of the color pixel density was
clearly higher for carcinomas (14.3%) than for benign
lesions (9.3%). Secondly, the time to peak enhancement was
shorter in carcinomas (38 sec) than in benign tumors
(71 sec). More recent studies as well all show an increase in
the accuracy of the differential diagnosis for breast lesions.
Schroder et al. (34) were able to obtain a significant
(p=0.01) improvement of the specificity/sensitivity to
approximately 100% using the contrast agent Levovist®. For
non-palpable lesions, Moon et al. (35) reported that the
difference in distinguishing between malignant and benign
tumors was also significant (p=0.01) when was used
(Levovist®). Stuhrmann et al. (36-38) also obtained equally
good results, encouraging others to use a contrast agent to
distinguish between scar tissue and a relapse.

Various parameters were defined in this study, for which
both the method and the measurements are reproducible
and which deliver significant results. One disadvantage,
however, was the Levovist® dose. Each patient received the
same bolus of the contrast agent, regardless of body weight.
In heavier patients this might have affected the brightness
of the image because of dilution due to the body mass and
intravascular fluid. An additional methodological problem
was the ROI which, at the time of the measurement, could
not be adjusted for technical reasons to fit the course of the
vessel and it was always rectangular.

Unfortunately, the size of the patient collective was too
small for valid conclusions to be drawn, especially the
benign group which was also inhomogeneous. The low
sensitivity in a small collective means that standard use of
the contrast agent cannot be justified at present.

The first results of the use the contrast agent Levovist®
for the evaluation of breast lesions are promising. To

confirm the results obtained in the current study, a larger
patient population should be investigated.

The use of Doppler ultrasound with a contrast agent as a
routine method for determination of vascularization in
breast lesions is a relatively inexpensive procedure in
comparison with CT and MRI. Currently, however, it does
not offer 100% reliability in distinguishing between benign
and malignant lesions so that it is not possible to dispense
with pre-operative surgery (punch biopsy). In a comparison
of different single methods, Blohmer ez al. (28) showed that
Doppler is not the best method. However, a combination of
diagnostic procedures may be more effective than
employment of a single diagnostic method. Perhaps 3D/4D
in combination with a contrast agent will offer a better
diagnostic predictability than current methods (39, 40).

Employment of the new second generation of sulphur
hexafluoride contrast agents is trend-setting, e.g.,
Sonovue (Bracco/ALTANA, Konstanz), which permits
the representation of the smallest blood vessels with the
slowest possible flow. Indications for there use, however, are
restricted to the infiltration of the pectorals muscle, the
differentiation between scar and relapse, as well as the
description of the tumor vascularisation by primary
chemotherapy. In no way may these procedures be regarded
upon as established in the field (41, 42).

References

1 Blohmer JU, Chaoui R, Schmalisch G, Bollmann R and Lau
HU: Differential breast tumor diagnosis by comparing blood
circulation of the tumor with the contralateral breast using
color coded, pulsed Doppler ultrasound. Geburtshilfe
Frauenheilkd 55(1): 1-6, 1995.

2 Cosgrove D: Why do we need contrast agents for ultrasound.
Clin Radiol 51 Suppl 1: 1-4, 1996.

3 Cosgrove D and Eckersley R: Doppler incides in tumors —
resolution of a dilemma? Ultrasound Obstet Gynecol 10: 9-11, 1997.

4 Delorme S: Beurteilung der Tumorvaskularisation mit der
Dopplersonographie. Radiologe 38: 335-343, 1998

5 Adler DD, Carson PL, Bamber JC, Davey JB, McKinna JA and
Sinnet HD: Doppler ultrasound color flow imaging in the study
of breast cancer: preliminary findings. Ultrasound Med Biol 76:
553-559, 1990.

6 Blomley M: Functional imaging with microbubble agents. Eur
J Ultrasound. EURODOP’97: Abstract C6.5, 1997.

7 Choi HY, Kim HY, Baek SY, Kang BC and Lee SW:
Significance of resistive index in color Doppler ultrasonogram:
differentiation between benign and malignant breast masses.
Clin Imag 23: 284-288, 2000.

8 Forsberg F, Liu JB, Merton DA, Rawool NM and Goldberg
BB: Parenchymal enhancement and tumor visualization using a
new sonographic contrast agent. J Ultrasound Med 14(12): 949-
957, 1995.

9 Gruner C, Schonwalder A, Schulz-Wendland R, Lang N and
Bautz W: What is the role of Doppler color sonography
associated with echo-signal enhancing Levovist in complementary
breast diagnosis? Aktuelle Radiol §(2): 58-62, 1998.

1697



ANTICANCER RESEARCH 26: 1691-1698 (2006)

10 Blohmer JU, Reinhardt M, Paepke S, Huettner C, Lichtenegger
W and Fritzsch T: Densitometry after injection of Levovist in
the examination of focal breast lesions — preliminary results.
Eur J Ultrasound 6 Suppl: 2: 26, 1997.

11 Dixon JM, Walsh J, Paterson D and Chetty U: Colour Doppler
ultrasonography studies of benign and malignant lesions. Br J
Surg 79(3): 259-260, 1992.

12 Graubner T, Fritzsch T, Hauff P and Kaiser WA: Contrast
medium supported imaging of tumorous vessels by color
Doppler and power Doppler mode in animal experiments.
Rofo Fortschr Geb Rontgenstr. Neuen Bildge Verfahr 165(6):
563-567, 1996.

13 Kedar RP, Cosgrove DO, Bamber JC and Bell DS: Automated
quantification of color Doppler signals: a preliminary study in
breast tumors. Radiology 797(1): 39-43, 1995.

14 Huber S, Delorme S and Zuna I: Dynamische Erfassung der
Kontrastmittelanflutung in  der  Dopplersonographie.
Gegenwirtiger Stand. Radiologie 38: 390-393, 1998.

15 Kedar RP, Cosgrove D, McCready VR, Bamber JC and Carter
ER: Microbubble contrast agent for color Doppler US: effect
on breast masses. Work in progress. Radiology 798(3): 679-686,
1996.

16 Cosgrove DO, Kedar PR and Bamber JC: Breast diseases, colour
Doppler US in differential diagnosis. Radiology 189: 99-104, 1993.

17 Keller A, Wilke J, Blumenstein R and Raue I: Conventional
roentgen functional diagnosis - videodensitometry. 1.
Densitometric and topometric measurements of roentgen video
images: technique and method of measuring. Z Gesamte Inn Med
47(10): 480-483, 1992.

18 Madjar H, Prompeler H, Schiirmann R, Goppinger A, Beckwoldt
M and Pfleiderer A: Verbesserung der Durchblutungsdiagnostik
von Brusttumoren durch Echo-Kontrastmittel. Geburtsh
Frauenheilk 53: 866-869, 1993.

19 Madjar H, Prompeler HJ, Sauerbrei W, Mundinger A and
Pfleiderer A: Differential diagnosis of breast lesions by color
Doppler. Ultrasound Obstet Gynecol 6(3): 199-204, 1995.

20 Madjar H, Sauerbrei W, Prompeler HJ, Wolfarth R and Gufler
H: Color Doppler and duplex flow analysis for classification of
breast lesions. Gynecol Oncol 64: 392-403, 1997.

21 Stavros AT, Thickman D, Rapp CL, Dennis MA, Parker SH and
Sisney GA: Solid breast nodules: use of sonography to distinguish
between benign and malignant lesions. Radiology 196(1): 123-134,
1995.

22 Sohn C, Beldermann F and Bastert G: Sonographic blood flow
measurements in malignant breast tumors. Surg Endosc 71:
957-960, 1997.

23 Hollerwege A, Rettenbacher T, Macheiner P and Gritzmann N:
New signs of breast cancer: high resistance flow and variations
in resistive indices evaluation by color Doppler sonography.
Ultrasound Med Biol 23(6): 851-856, 1997

24 Rettenbacher T, Hollerweger A, Macheiner P and Gritzmann
N: Color Doppler sonography of normal breasts: detectability
of arterial blood vessels and typical flow patterns. Ultrasound
Med Biol 24(9): 1307-1311, 1998.

25 Chao TC, Lo YF, Chen SC and Chen MF: Color Doppler
ultrasound in benign and malignant breast tumors. Breast
Cancer Res Treat 57: 193-199, 1999.

26 Youssefzadeh S, Eibenberger K, Helbich T, Jakesz R and Wolf
G: Use of resistance index for the diagnosis of breast tumours.
Clin Radiol 51(6): 418-420, 1995.

1698

—_

27 Sahin-Akyar G and Sumer H: Color Doppler ultrasound and

spectral analysis of tumor vessels in the differential diagnosis of
solid breast masses. Invest Radiol 31(2): 72-79, 1996.

Blohmer JU, Oellinger H, Schmidt C, Hufnagl P, Felix R and
Lichtenegger W: Comparison of various imaging methods with
particular evaluation of color Doppler sonography for planning
surgery for breast tumors. Arch Gynecol Obstet 262: 159-171, 1999.
Wright IA, Pugh ND, Lyons K, Webster DJT and Mansel RE:
Power Doppler in breast tumours: a comparison with conventional
color Doppler imaging. Eur J Ultrasound 7: 175-181, 1998.
Birdwell RL, Ikeda DM, Jeffrey SS and Jeffrey RB Jr:
Preliminary experience with power Doppler imaging of solid
breast masses. Am J Rontgenol 769(3): 703-707, 1997.

Lee WJ, Chu JS, Houng SJ, Chung MF, Wang SM and Chen KM:
Breast cancer angiogenesis: a quantitative morphologic and
Doppler imaging study. Ann Surg Oncol 2(3): 246-251, 1995.
Buadu LD, Murakami J, Murayama S, Hashiguchi N, Toyoshima
S, Sakai S, Yabuuchi H, Masuda K, Kuroki S and Ohno S: Colour
Doppler sonography of breast masses: a multiparameter analysis.
Clin Radiol 52(12): 917-923, 1997

Huber S, Helbich T, Kettenbach J, Dock W, Zuna I and Delorme
S: Effects of a microbubble contrast agent on breast tumors:
computer-assisted quantitative assessment with color Doppler US
— early experience. Radiology 208(2): 485-489, 1998.

Schroeder RJ, Maeurer J, Vogl T, Hidajat N, Hadijuana J, Venz
S, Weber S and Felix R: D-Galactose-based signal-enhanced color
Doppler sonography of breast tumors and tumorlike lesions.
Invest Radiol 34(2): 109-115, 1999.

Moon WK, Im JG, Noh DY and Han MC: Nonpalpable breast
lesions: evaluation with power Doppler US and a microbubble
contrast agent initial experience. Radiology 217: 240-246, 2000.
Stuhrmann M, Aronius R, Roefke C and Schietzel M:
Vascularization of breast tumors: use of ultrasound contrast medium
in evaluating tumor entity. Preliminary results. Rofo Fortschr Geb
Rontgenstr Neuen Bildgeb Verfahr 169(4): 360-364, 1998.
Winehouse J, Douek M, Holz K, Madjar H, Gillams A, Lees W and
Baum M: Contrast-enhanced colour Doppler ultrasonography in
suspected breast cancer recurrence. Br J Surg 86(9): 1198-1201, 1999.
Baz E, Madjar H, Reuss C, Vetter M, Hackeloer B and Holz K:
The role of enhanced Doppler ultrasound in differentiation of
benign vs. malignant scar lesion after breast surgery for
malignancy. Ultrasound Obstet Gynecol 15(5): 377-382, 2000.
Carson PL, Moskalik AP, Govil A, Roubidoux MA, Fowler JB,
Normolle D, Adler DD, Rubin JM and Helvie M: The 3D and D
color flow display of breast masses. Ultrasound Med Biol 23(6):
837-849, 1997.

Forsberg F, Goldberg BB, Merritt CRB, Parker L, Maitino AJ,
Palazzo JJ, Merton DA, Schultz SM and Needleman L:
Diagnosing breast lesions with contrast-enhanced 3-dimensional
power Doppler imaging. J Ultrasound Med 23: 173-182, 2004.
Fischer T, Diekmann F and Thomas A: Are new techniques
needed in modern sonography? TOSHIBA Med Syst J 8(5): 34-
42, 2005.

42 Abramowicz JS: Ultrasonographic contrast media. Has the time

to come in obstetrics and gynecology. J Ultrasound Med 24:
517-531, 2005.

Received September 1, 2005
Revised January 23, 2006
Accepted January 30, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


