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Abstract

Ultrasonography rapidly became an indispensablelwatéon tool for many
medical specialties, replacing several other praged in the first line of diagnosis. As
time passes by, ultrasonography itself developstimoously, with many new,
sophisticated or just spectacular features becongmgilable from the industry, and
requiring validation by medical professionals aihé tscientific community.

Tridimensional ultrasonography, the Doppler and powangio modules, as well
as ultrasonographic contrast agents are not theestwn the market, but the latest to
be unanimously recognized as a valuable additiothéotechnical armamentarium of
the physician.

This paper analyzes the main benefits of the us¢hede modules for the
evaluation of the internal genital organs of theleaas well as the limits of each
technique.

We conclude that new ultrasonographic methods peova lot of useful
information, making them able to replace more imw@sand expensive technologies,
but the operator needs to be aware of all posdibiés and artifacts that may occur.
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Rezumat

Ultrasonografia poate reprezenta o meiode evaluare rapid pentru anumite
specialitifi, plasandu-se aturi de alte proceduri, in prima linie de diagnastiPe
parcurs, ecografia s-a dezvoltat continuu, concenticu inovdile tehnice industriale,
ce au fost primite cu succes de comirilé medicalesi stiinsifice.

Ultrasonografia tridimensional, modulele Doppler sapower angicsau agerii
de contrast pentru ecografie sunt costisitori, tf@buie @ existe ca metode aitinale
in arsenalul de investigi@al oricarui medic.

Acest studiu analizeazbeneficiile utilizrii acestor module pentru examinarea
organelor genitale interne alezbatului si limitele acestor metode.

! Address for correspondence: Dr. Victor Cauni, victorcauni@yahoo.com
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Concluzio@m & noile metode de ultrasonografie aduc inforinatile, fiind
considerate tehnologii mai invasiyeexpansive, dar utilizatorul trebuiei cunoasad
limitele si posibilele artefacte ale acestora.

Cuvinte-cheie: Ultrasonografia, agem de contrast, prostat vezicule seminale

Infroduction

The ultrasound machine reached the medical marketuple of decades ago as a
promising device, and developed since then to becam indispensable tool for the
modern physician, being often compared, and witlodgweasons, to a modern
stethoscope. Nowadays, urological examination isonceivable without the use of
ultrasonography, and the internal male genital mggare better understood both as
morphology but also in pathologic conditions. Agy ather modern medical tool, the
ultrasonography device is in constant evolutionindgpeupgraded with several new
modules, built around the use of the Doppler effector Doppler, pulsed Doppler and
power angio [1]. More recent, the development adinrensional examination and
contrast agents marked a new step forward in tbligen of ultrasonography from basic
examination to cutting-edge technology.

Description of the modules

Continuous Doppler. For this mode of examination, the transducer s sif two
adjacent piezoelectric components, in which ondicoausly generates ultrasounds and
the other continuously receives echoes. It offemgroved visualization for surface blood
vessels, but when examining complex vascular flatdifferent depths, this method does
not allow for individual flow evaluation, calculati instead an average feature of all
blood flows that are in the range of the transdudtke arithmetic sum of the signals [2].

Pulsed emission Doppler (Doppler pulse)The transducer generates and receives
ultrasounds alternatively. If the ultrasounds arétted in pulses, the device can detect
the depth from which each echo is received. Thenex& may select the area in which to
evaluate the depth of the Doppler signal, an asded "Doppler samplé With this
technique one can study blood flows in a designated, and the received signals are not
influenced by neighboring blood flows [3].

Color Doppler. For this technique, the two-dimensional ultragburansducer
provides the image, while the software offers elet:i@ssociated with Doppler analysis.
On the two-dimensional ultrasound image one caimei#e an area of interest, in which
each point is analyzed by pulse Doppler method)gotreated as a Doppler sample. The
information obtained is color coded; the directafrthe blood flow is coded differently
depending on its movement toward to the transdired) or away from it (blue) [4].

Power Doppler (power Angio).It analyzes the intensity of the Doppler signailt n
offering information about the speed or directioh tbe blood flow. The graphic
representation is in grayscale and the color t@arees with the signal strength. It has a
much higher sensitivity in tracking the presencélobd flow by detecting slow flow in
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vessels much smaller. But the high sensitivity i method is also responsible for its
main disadvantage: many artifacts caused by tissmements. The development of the
"Power Angio" module significantly increased thesgibility to evaluate the prostatic

vascularization, creating the premises of genegatitrue "vascular map of the prostate"
and leading to a better understanding of the vas@aratomy of the gland by "real time"

imaging of the vessels [5].

Tridimensional ultrasound (3D). The recent introduction of three-dimensional
ultrasound allowed a more precise spatial locatimabf pathological elements in the
gland. Tridimensional reconstruction of the prastatows a very accurate calculation of
the prostatic volume, particularly useful for mamihg changes during the evolution or
treatment of a neoplazic disease [6].

Ultrasonographic contrast agents.The best way of highlighting the blood flow
inside the prostate is by using contrast agemsydy developed class of substances. The
first generation of ultrasonographic contrast ag@fdtovist) could only be used in
cardiology, because the substance could not gstfiicient quantity in the peripheral
blood due to the pulmonary filter. The introductioh Levovist, representing a newer
generation of agents, led to a significant increagbe sensitivity of Doppler ultrasound
for visualization of blood flows inside more orgah&vovist is an agent that increases
the ultrasonographic signal strength in the entiwel of blood, having a good safety
profile and good tolerance as confirmed by numentingcal trials [7].

Levovist is less viscous than most radiographidresh media, it is not toxic, has a
neutral pH and is biodegradable. One of the w@fitf it is to view the vascular pattern of
benign or malignant tumor formations. The galactoserobubbles that compose this
agent are stabilized with palmitic acid, thus emguthe pulmonary passage without the
substance being decomposed. This agent remaingdualation for several minutes,
providing a better view in the Doppler mode of #mire vascular system. 95% of the
microbubbles of Levovist are less thanidhd 50% of them are less tham &nabling
them to safely pass the pulmonary filter.

For prostatic tumors, Levovist helps creating a jpl@te vascular pattern of the
prostate, allowing the detection of suspect mahgri@armations with improved accuracy
compared to power Doppler. This is extremely usé&fulidentifying malignant nodules
inside a prostatic adenoma.

After the intravenous injection of the agent, thernoparticles dissolves rapidly,
releasing air bubbles absorbed on their surface.t@tal amount of air released from 1 g
of microparticles is less than 100 After being dissolved by blood, the galactose is
metabolized in the liver, while palmitic acid hadalf-life of 2-4 minutes. The effect of
Levovist is reproductible and increases blood eehitg depending on the dose injected,
until its complete dissolution in blood. The magmsthamics of Doppler amplification
done by this agent offers an extra of 10 to 208IB |

Today we are witnessing the emergence of a newrggme of contrast agents
(SonoVue), which promises increased sensitivity lander half-life [9].

With the increasing life expectancy of male pogalatcame an increased number
of people affected by various pathologies of thestate, benign (prostate adenoma,
BPH) or malignant (adenocarcinoma of the prostdfe)n the past, the prostate was
revealing to the clinician only through the digitattal exam (DRE), nhowadays, with the
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introduction of transrectal ultrasound, the evaaraprotocol of the seminal vesicle and
prostate disorders is revolutionized [10].

McNeal synthesized the concept of zonal anatomyhef prostate, based on its
glandular composition. Glandular elements reprasemb-thirds of the prostate, while
the remaining third is represented by stroma abdofinuscular tissue (anteriourly).
McNeal describes two separate areas of the prostaripheral and a central area.

The prostate is pyramid shaped, with the apex pgntoward the urogenital
diaphragm and the base participating in the foronatif a lower bladder wall, around the
bladder neck. Anterolaterally, the prostate is cesteby the extraperitoneal fascia and
posteriorly by the Denonvillier fascia. In the awotateral side of this fascia there is an
important venous plexus the Santorini plexus.

The seminal vesicles are adjacent to the prostadepasterior to the bladder. The
ampular zone of the deferent duct is situated emtand medial to the seminal vesicles,
confluating to develop the ejaculator duct [11].

Material and methods

The group we examined was composed of 456 patieitts pathology of the
prostate and seminal vesicles, prostate biopsgdisal cases) (BPH) - 231 cases

» adenocarcinoma of the prostate - 107 cases

* acute or chronic prostatitis - 83 cases

» spermatocystitis - 35 cases

The age of patients ranged from 23 to 79 years aitariation of the average age
depending on the pathology of the prostate. Théuatian protocol of patients with
prostate pathology included basic urological tasts some advanced techniques [12]:

« duplex Doppler ultrasonography
* Doppler ultrasound "power
Angio"

* Three-dimensional ultrasound
(selected cases)

* Vesiculodepherentography
(selected cases)

« Doppler sonography with
ultrasound contrast agent
(selected cases) (figure no 1).

Figure no.1: Tridimensional
reconstruction of the prostate
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Results

Transrectal ultrasound with Doppler module hasinely been used for evaluating
patients in this group. Out of a total of 456 patise after complete evaluation, we
selected from 231 patients with prostatic adenon&PH). Three-dimensional
reconstruction allowed the calculation of the examlume of the prostate, at the same
time making possible spatial visualization of blo@ssels. The ecostructure of the gland
in patients with BPH was relatively homogeneoudhi regular contour of the prostate.
Doppler ultrasound identified a homogenous distiisuof blood vessels in the prostate
and the injection of ultrasound contrast agent sltblwomogeneous vascular network,
without nodular hyper or hipovascular ar@able no.1).

Table no.1- Features of BPH compared with a normal prostate

BPH Normal prostate
Doppler ultrasound | Homogenous vascularization Homogenous vascularization
IR 0,81 (0,61 — 0,90) 0,69 (0,50 — 0,73)
Prostatic volume 30 -120 cc <20cc
PSA 0,4 — 8,9ug/ml < 3ug/ml
free PSA > 23% > 23%

Three-dimensional ultrasound reconstruction ofdgland provides a more accurate
assessment of prostate weight, with an error otaup% compared with transrectal
ultrasound transrecta(10 to 16%) or suprapubic (20% or more).

The variation of resistivity

index was proportional to

the volume of adenomatous
tissue, being larger as the
prostate volume was greater
(figure no.2).

L Y2579 cm*

Figure no.2—Tridimensional reconstruction of the prostate shayvletailed structure
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In the group of patients with prostatic disease,paghological examination we
selected a total of 107 patients with prostate ad@cinoma (ADK-P).

Diagnostic correlation of PSA / free PSA — DRE - peer Doppler ultrasound.
On a study group composed of 338 patients diagne#edBPH and prostate cancer, the
correlation PSA / free PSA with pathology examioativas as followstgble no 2:

Table no.2 — Correlation between PSA, ultrasonography and dizgnosis of

malignancy
PSA <3pg/mi 3 — 10pg/ml > 10pg/ml
free PSA >21% <21% >21% <21% >21% <21%
TR = + - o + + = + -
power + + + | - + + + - |+
Doppler
BPH 5| 22| 169 2|3 3|27
Prostate 2 8|5 2 13| 7 1|2 39| 13| 8|1
cancer

Power Doppler ultrasound was considered positiyeif(# showed circumscribed
vascular changes in nodular areas (hyper or hypole3. If the nodular lesions showed
similar vascularization compared to the adjacessig of the prostate, the power Doppler
ultrasound was considered negative (-).

Tridimensional reconstruction of the prostate foogpate cancer may highlight
hypoechoic areas alternating with those with hygleo& structure at the gland surface
[13].

Diagnosis correlation of classical ultrasound and @wver Doppler. In those
patients with confirmed prostate cancer, the lesioare detected in the vast majority as
hypoechoic nodules, but hyper or isoechoic area® \atso identified. The use of the
"power Doppler" was intended to evaluate the distion of blood vessels across the
prostate, and with the duplex Doppler module thséstiwity index was calculated from
the prostate and lesions suspicious of maligniyy.[1

According to the guidelines, the areas in whichnges of topographic vascularity
were noticed, were considered as lesions suspiaddusalignity, with increased or
decreased blood flow in nodular areas [15]. ThewgroDoppler" module allowed the
analysis of the blood vessels in the suspicioussare
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The hypoechoic lesions in patients with prostatacea were hypervascular in
71.4% of the patients at power Doppler examinatidnle isoechoic lesions presented
increased vascularity in only 3 patients (50%).pltients with nodular hyperechoic
lesions, 5 patients (37.5%) had focal increaseddftow, whereas 3 patients (25%) had
low vascularity in the suspicious malignant nodi@eaph no.1).

Graph no.1 - Corelation between echogenity and vascularizatio

100%1  (UARTA Corelation between

80%| echogenity and vascularization

60%-
40%- B decreased vascularity

T 26500 W increased vascularity

E no vascular change
0%-+
hypoechoic isoechoic hyperechoic

Of the total group of patients with prostate cancéB8% showed a focal
hypervascularization inside the suspected maligiesidn.

Graph no.2 - The blood flow inside the lesion suspected dignéy

The blood flow inside the
lesion suspected of malignity

H high flow
Hlow flow

B normal flow

Table no 3 -Correlation between power Doppler and PSA in p&ienostate cancer:

<3 pg/ml 3 —10pg/ml > 10 pg/ml

eco power doppler + - + - + -

ADK-P 5 5 19 10 51 17
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In patients with confirmed prostate cancer and mbwalues of the PSA, 5 (50%)
had specific signs at "power Angio" ultrasonogragfocal changes of vascularization).
In patients with PSA between 3 to 19/ml, 18 (64.7%) had changes in vascularity,
while those with PSA over 1y /ml these changes occurred in 51 patients (7&8¥%}the
whole group of patients with prostate cancer (18ffepts), vascular changes recorded by
the module "Power Doppler" occurred in 75 pati¢688%).

Use of contrast agent for prostate cancer evaluatio

In our group we used a Levovist concentration d g@ /ml. After the injection,
color Doppler recording is performed for 5 minutagfew seconds after the injection the
prostatic blood flow increases, identifying a netkvef vessels inaccessible to color
Doppler module or the "power Doppler” in the abseatthe contrast agent. The group
of patients in whom we used ultrasound contrasstsuice was represented mainly by the
19 patients with prostate without characteristatdiees at "power Doppler”, and other 11
patients with minor changes at Doppler ultrasongigya After the injection of Levovist,
those patients that had minor changes to power-Bopfhe increase in blood flow
visualization allowed a more accurate evaluatiorsuxpicious malignant areas. The 19
patients with prostate cancer, in which power Depmxamination did not raise the
suspicion of malignity, the use of Levovist allow@dualization of neoplazic nodules in
11 cases, increasing the diagnostic accuracy frd@% to 87.3%(figure no.3 - table
no.4).

Table no.4 —Ultrasonographic features of prostate cancer vatitrast agent

Transrectal
power ultrasound
hyperchoic | isoechoic| hyperechoig Total

Doppler

No ultrasonographical 13 3 3 19
changes at power Doppler

Levovist + - + - + -

Total 9 4 1 2 1 2

Of the 13 patients with hyperechoic nodes with power Doppler" signs, after the
injection of the contrast agent, 9 of them (69.286)e found to have significant vascular
changes. Of the 6 patients with isoechoic or hygw®ie lesions, two patients did not
showed vascular changes even after the injectiohedovist, which increased the
detection rate of malignant prostate lesions frdB% ("power Doppler") to 87.3%
(graph no.3).
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Graph no.3- Detection rate of malignant lesions

Detection rate of malignant lesions

B7.30%

£9.80%

powerdoppler levovist

Positive diagnosis of prostate cancer is only fsdby pathology examination.
Nevertheless, the sampling of bioptic material csometimes be chalenging, as
suspicious nouds can be missed by the needle, ialspet those situations when the
echogenity is similar with surrounding tissues [TH}e technique we used was to take 8
biopsy fragments: 3 fragments of the right lob&eo3 from the left lobe and 1 sample of
the prostatic apex. The use of contrast agents/sl8uperior visualization of malignant
nodes, and susequently a better targeting durimgsli

Levovist was used in 22 patients who showed sicguifi changes in blood flow,
with high suspicion of malignancy. The control goooonsisted of the remaining 41
patients with suspected prostate cancer (free PSA, ultrasound, power Doppler). In
this group biopsy was performed in 8 different pkwcin patients where Levovist
highlighted suspicious malignant lesion two biogsynples where taken only from that
area.(table no 5)

Table no.5— Detection rates after biopsy with contrast agent

8 biopsies 2 biopsies (Levovist
Suspected cancer 41 22
Confirmed cancer 17 16

Percents 41.5% 72.7%
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In the eight biopsy
samples group, prostate
cancer was confirmed in 17
(41.5%) cases. In the lot
with Levovist, after only two
samples of the suspected
malignancy node, 16 cases
of prostate cancer were
confirmed (72.7%) (figure
no.4).

Figure no.4—Isoechoic
node with signs of malignity
after contrast agent injection

After a single prostate biopsy procedure using kestp the diagnostic rate of
prostate cancer increased from 41.5% to 72.7% rimgteof reducing the number of
prostate tissue samples from eight to two. As canobserved, the increase was
statistically significant at the double biopsiesngsLevovist compared to the octant
biopsies. (17,18,19). Thg-test, showed the value p = 0.000049. The contjiicaate
was relatively low, in terms of number and thewes@y. Puncture site pain occurred in
almost all patients. It was treated with antalgidematuria was relatively rare, occurring
in less than 5% of cases and did not require tleetép actions. Hemostatic and
antibiotics were given. Rectoragia, not requiringatment, was also noticed in some
cases. Urinary infections occurred in less than %ases, in which antibiotics were
administered.

Conclusions

Modern ultrasonographic technologies require comptguipment and special
training for the medical proffesionals, but theules can often be superior to more
invasive and expensive techniques.. Tridimensiati@hsonography offers spectacular
images of the prostate and seminal vesicles, atigwit the same time a more accurate
evaluation of the volume and structure of the gland

The Doppler modules are quite operator sensitivie the learning curve are long,
but the results add functional information to thearaination. The evaluation of the
vascular patterns, the possibility to identify ttieection of the flow, as well as the
advantage of being able to reconstruct the vasattactures inside the prostate are as
many steps forward in the evaluation and treatmmnttitoring of prostatic diseases.

The recent introduction of new generation ultragpafic contrast agents marks a
further development of the technique, allowingeparately identify suspect zones inside
a region of homogenous echogenity.
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