Ultrasound-guided genitourinary
interventions: principles and techniques
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Ultrasound (US) is often used to guide various interventional procedures in the genitourinary
(GU) tract because it can provide real-time imaging without any radiation hazard. Moreover,
US can clearly visualize the pathway of an aspiration or biopsy needle to ensure the safety of
the intervention. US guidance also helps clinicians to access lesions via the transabdominal,
transhepatic, transvaginal, transrectal, and transperineal routes. Hence, US-guided procedures are
useful for radiologists who wish to perform GU interventions. However, US-quided procedures
and interventions are difficult for beginners because they involve a steep initial learning curve.
The purpose of this review is to describe the basic principles and techniques of US-quided GU
interventions.
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Introduction

Ultrasound (US) is useful for guiding genitourinary (GU) interventions, because it can provide real-
time imaging [1]. Moreover, US has the following additional advantages over computed tomography
(CT): it is a small and portable modality, has low medical costs, and poses no radiation hazard.
Therefore, US is frequently used to guide aspiration, biopsy, and ablation. However, because the
technique is operator-dependent, it involves a steep initial learning curve. Hence, it is not easy for
beginners to become familiar with US guidance.

Few reports have been published regarding how to perform US-quided procedures in the GU
tract. The purpose of this review is to describe the basic principles and techniques of US-guided GU
interventions.

Basic Principles

US-guided interventions should fulfil several basic requirements. Firstly, the shortest possible skin-
to-lesion distance under a good sonic window should be chosen when determining the skin entry
site. Longer skin-to-lesion distances are more susceptible to inaccurate targeting. Moreover, a longer
aspiration or biopsy needle pathway may lead to unnecessary tissue damage and increase the risk
of bleeding. A very large amount of bleeding is often related to procedures that are not completed
because of increasing pain, decreasing blood pressure, and a worsening sonic window. It must be
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US quiding for GU intervention

kept in mind that a good sonic window should be secured while
minimizing the skin-to-lesion distance. When a good sonic window
is not available with the shortest skin-to-lesion distance, another
pathway should be investigated.

Secondly, needle pathways should avoid critical organs, such
as bowel loops, the great vessels, and the urinary tract (Fig. 1).
Otherwise, radiologists may encounter many serious complications
that require emergency intervention or surgery. For instance,
bowel perforation can result in peritonitis, abscess, or sepsis,
all of which are life-threatening complications. Active bleeding
from large vessels is also a serious complication that requires
an emergency intervention or surgery. Urine leakage may also
require interventional procedures, such as ureter catheterization or
percutaneous drainage.

Thirdly, the entire needle length or pathway should be observable
on sonograms (Fig. 1) [2]. If the tip is out of view, the advancing
needle must be stopped and withdrawn to prevent unwanted tissue
damage. Frequently, the echo from the needle body is misinterpreted
as emanating from the needle tip. In a clinical setting, such a
mistake can lead to unwanted tissue damage, because the tip of the
needle may be inserted into critical organs such as the bowel loops,
the greater vessels, or the ureter.

Fourthly, radiologists must check whether patients have a bleeding
tendency or coagulopathy. Specifically, their international normalized
ratio (INR) should be less than 1.5-1.8, and their platelet count
should be greater than 5x10*/pL before an interventional procedure
is begun. If the INR is greater than 1.5, or the platelet count is less

Fig. 1. A 54-year-old woman with lymphocele.
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than 5x10*/uL, the deficient coagulation factors or platelets should
be corrected before the intervention is carried out. Interventional
procedures should not be begun before correcting a delayed
prothrombin time or severe thrombocytopenia.

Lastly, to prevent infection, aseptic preparation for percutaneous
procedures, such as transabdominal or transperineal procedures,
is requisite. US-guided procedures via these routes do not require
antibiotic medication if the interventional procedure is aseptically
conducted. However, aseptic techniques cannot be used for the
transvaginal and transrectal approaches. Therefore, when performing
US-guided procedures via these routes, physicians should pre-
medicate using antibiotics. A rectal enema is also necessary, because
stools must be evacuated before the procedure; this minimizes the
likelihood that bacteria will be introduced along the needle pathway.

US-Guided Aspiration

US guidance is frequently used to aspirate fluid from renal cysts
[3-5], pelvic lymphoceles [6,7], adnexa cysts [8,9], and pelvic
abscesses [10,11]. Percutaneous drainage of this kind is an
appropriate management strategy for such diseases, because
the technique can completely drain the infected fluid via internal
catheterization. However, a catheter is not technically easy to insert
into small, infected cysts that are usually less than 2-3 c¢m in
diameter (Fig. 2). Similarly, US can be used to guide the treatment
of symptomatic, cystic masses that cause pain. US-guided aspiration
alone is a conservative treatment that can relieve symptoms.

A. Transvaginal ultrasonography shows a 12-cm infected lymphocele (asterisk) divided into multiple chambers with septa. Aspiration
was impossible via the transvaginal approach because a bowel loop (arrow) was interposed between the vagina and the lymphocele. B.
Transabdominal ultrasonography shows an 18-gauge aspiration needle (open arrows), which is clearly visible from the needle tip to the skin
entry. The amount of aspirated pus was only 60 mL because multiple septa (asterisk) were present.
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However, combining cyst aspiration with sclerotherapy is frequently
recommended in this clinical setting, because the recurrence rate is
high [3-5].

The thickness and length of the needle are important for
successfully aspirating cystic fluid. In cases of an infected or
haemorrhagic cyst, an 18-gauge or thicker needle should be used,
because infected or haemorrhagic fluid is much thicker than simple

A
Fig. 2. A 43-year-old woman with a renal abscess.

Byung Kwan Park

cystic fluid. That is, abscess pus and cystic haematomas are difficult
to aspirate using a 19-gauge or thinner needle, because these fluids
have a high viscosity (Figs. 1-3). Deep cystic masses require a long
needle; this increases intra-needle resistance. To aspirate fluid from
deeper cystic masses, the negative pressure must be increased when
a needle of the same gauge is used. Accordingly, the aspiration
needle should be broader if the skin-to-lesion distance is longer,

A. A contrast-enhanced axial computed tomography image shows a right renal abscess (arrow) that measured 2.8 ¢m. B. Transabdominal
ultrasonography shows the entire pathway of an aspiration needle (arrow), which was appropriately placed within a right renal abscess (open
arrows). A total of 5 mL of pus was aspirated using an 18-gauge needle with a length of 18 cm.

A

Fig. 3. A 62-year-old woman with ovarian cancer.

A. Transvaginal ultrasonography shows an 18-gauge needle (open arrows) placed into the malignant ascites (asterisk) in the pelvic cavity. B.
Transvaginal ultrasonography shows that the ascites (asterisk) decreased during the aspiration procedure. A total of 2,300 mL of ascites was

aspirated.
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even when simple cystic fluid is being aspirated.

Importantly, to ensure a successful procedure, the distance
between the skin entry site and the target lesion should be
measured before aspiration is begun. Deeper cystic masses require
longer aspiration needles. Commercially available aspiration needles
are usually less than 20 cm long. However, the transvaginal and
transrectal approaches frequently require a needle that is 20 cm or
more in length, because pelvic cystic masses are deep, and because
the needle operator must hold a large part of the needle during
these procedures.

Several more factors must be considered to ensure successful
aspiration; namely, the number of septa and the maturity of the
abscess. Furthermore, radiologists must be meticulous in their
manipulation of the needle. If there are more septa, aspiration
is less effective because the cystic mass is composed of many
divided chambers (Fig. 1). Therefore, patients and clinicians must
be informed when a septate cystic mass will be difficult to aspirate
completely.

Immature abscesses also limit complete aspiration. They are not
fully liquefied, so even appropriate targeting using a thick needle
cannot aspirate them effectively. It may take several days, and
antibiotic medication, for an early-stage abscess to become mature.

On a separate note, unskilled needle use can cause mechanical
damage to cystic masses, and internal bleeding may develop as
a result, distending the lesion and counteracting the aspiration.
This is important, because bloody aspirations cause specimens
to be inadequate for cytological examinations. More importantly,

A

Fig. 4. A 45-year-old woman with an angiomyolipoma.

ULTRASONOGRAPHY

internal bleeding can make patients’ symptoms worse. To prevent
unnecessary haemorrhaging in the cystic mass, manipulation of the
needle must be minimized.

Additionally, it should be noted that the principles and techniques
of US-guided aspiration are the same as those of other US-
guided GU visceral interventional procedures, including antegrade
pyelography, percutaneous nephrostomy, and percutaneous
drainage.

US-Guided Biopsy

Renal Mass Biopsy

Incidental renal masses are increasingly detected on images from
routine abdominal CT scans. Some small (<4 cm) renal masses
require percutaneous biopsy, because smaller renal masses are
more likely to be benign (Fig. 4) [12-14]. Renal mass biopsy is
indicated when a patient has known extrarenal primary cancer, an
unresectable renal cell carcinoma, a serious co-existing disease,
a tumour-like infection, a hyper-attenuating or homogeneously
enhancing mass, a Bosniak IIl or IV lesion, or multiple solid renal
masses; renal mass biopsy should also be carried out prior to
thermal ablation or if the patient is under active surveillance [12-14].
It is not easy to biopsy small renal masses under US guidance: the
lesion size and location, nature of the lesion (e.g., solid or cystic),
and number of biopsy cores are associated with successful biopsy.
The non-diagnostic rate is higher when the renal mass is 2 cm or
less in diameter, a cystic tumour, an upper tumour, or biopsied using

A. Contrast-enhanced axial computed tomography shows a 2.6-cm solid renal mass (arrow) located at the posterior cortex of the inter-polar
right kidney. B. Longitudinal ultrasonography shows the lesion (arrow), which was targeted with an 18-gauge biopsy needle (open arrows).

The histologic diagnosis was angiomyolipoma.

e-ultrasonography.org

Ultrasonography 36(4), October 2017

339


http://www.e-ultrasonography.org

ULTRASONOGRAPHY

3 or fewer cores (Fig. 5) [15]. Accordingly, the diagnostic rate for US-
guided small (<4 cm) renal mass biopsies is 81% [15], while that for
US-guided large (=4 cm) renal mass biopsies ranges from 82% to
92% [16,17]. Thus, US-guided biopsy can easily be used to sample
large renal tumours; however, in larger renal masses, the likelihood
of central necrosis is higher. Therefore, to prevent the sampling of
non-diagnostic tissue, the peripheral area of large tumours should

Fig. 5. A 38-year-old man with a Bosniak Il cyst.

Byung Kwan Park

be biopsied (Fig. 6).

CT-guided renal mass biopsy yields a higher diagnostic rate than
US-guided renal mass biopsy. The diagnostic rate of CT-guided renal
mass biopsy has been reported to range from 94% to 98% [18-20],
while that of US-guided renal mass biopsy has been found to range
from 81% to 92% [15-17]. When a renal mass is visible on US, US-
guided biopsy is recommended. Conversely, when a renal mass is

A. Contrast-enhanced axial computed tomography shows a 2.8-cm Bosniak Il cyst (arrow) in the right kidney. B. Longitudinal
ultrasonography shows the lesion (arrow), which was targeted with an 18-gauge biopsy needle (open arrows). The biopsy core consisted of
non-diagnostic tissue because a small tissue sample was obtained from the lesion.

A

Fig. 6. A 58-year-old woman with adrenocortical carcinoma.

A. Contrast-enhanced coronal computed tomography shows a 7.6-cm solid tumour (arrow) originating from the right adrenal gland. She also
had multiple pulmonary metastases (not shown), suggesting stage IV disease. B. Extrahepatic ultrasonography shows the lesion (arrows),
which was targeted with an 18-gauge biopsy needle (open arrows). Two biopsy cores were sampled from the lesion periphery, but not the
central area of necrosis (asterisk). The histologic diagnosis was adrenocortical carcinoma.
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not clearly visible on US, a CT-guided biopsy should be performed.

Adrenal Mass Biopsy

Incidental adrenal masses are mostly benign, and most are
diagnosed as adenomas [21,22]. Adrenal mass biopsy is performed
when the CT features of an adrenal mass are not consistent with
adenoma, because CT is the best imaging modality for diagnosing
adenoma [23-26]. However, biochemical tests should also be
performed prior to adrenal mass biopsy, because subclinical
pheochromocytoma must be excluded [26]. A high suspicion of
adrenal diseases that usually require medical treatment, such as
lymphoma, metastasis, unresectable or metastatic adrenocortical
carcinoma, or cancer-mimicking adrenal tuberculosis, is also an
indication for adrenal biopsy to avoid unnecessary surgery (Fig. 6).
When adenoma or myelolipoma is strongly suggested on CT or
magnetic resonance imaging (MRI), adrenal mass biopsy should be
avoided [27,28].

Many right adrenal or right upper pole renal masses are not
clearly visible or safely accessible via an extrahepatic approach. To
make such lesions clearly visible or safely accessible, a US-guided
transhepatic approach can be used (Fig. 7) [29]. The normal liver
parenchyma provides a good sonic window, so that right adrenal or
upper renal masses are clearly visible on the US display. However,
a transhepatic biopsy should only be carried out when the lesions
are not visible via an extrahepatic approach, which usually provides
a shorter skin-to-lesion distance than the transhepatic approach

Fig. 7. A 59-year-old woman with schwannoma.

ULTRASONOGRAPHY

(Fig. 6). Accordingly, the extrahepatic approach causes less tissue
damage, because a shorter length of tissue is penetrated. However,
transhepatic biopsies are not recommended in patients with chronic
liver disease, a bleeding tendency, or coagulopathy.

The diagnostic rate of CT-guided adrenal mass biopsy is much
higher than that of US-quided biopsy, because most adrenal masses
cannot be seen using US [30]. Therefore, adrenal mass biopsies
mostly depend on CT guidance [31-33]. However, when an adrenal
mass is clearly visible and accessible using US, a US-qguided biopsy
should be performed to avoid exposing the patient to radiation (Figs.
6,7).

Renal Parenchymal Biopsy

To identify renal parenchymal diseases, it is necessary to perform
percutaneous hiopsy of the renal cortex [34,35]. In this regard, US
is useful for evaluating renal size, echo, and perfusion, as well as
in guiding the renal cortex biopsy (Fig. 8). It is difficult to sample
the renal cortex, which is approximately 1 cm in thickness, and
mistargeting is common in renal cortex biopsy. When the renal
medulla or sinus is targeted, intractable bleeding or haematuria may
occur as a result of mechanical injury to large vessels [36]. Such
cases may require arterial embolization to treat an arteriovenous
fistula.

Pelvic Mass Biopsy
Pelvic solid masses can be biopsied via the transvaginal [37,38],

A. Contrast-enhanced axial computed tomography shows a 2.1-cm solid tumour (arrow) in the right adrenal gland. The lesion has a
low percentage wash of contrast material on adrenal computed tomography. She was diagnosed with lung cancer. B. Transhepatic
ultrasonography shows the lesion (arrow), which was targeted with an 18-gauge biopsy needle (open arrows). This histologic diagnosis was

schwannoma.

e-ultrasonography.org

Ultrasonography 36(4), October 2017

341


http://www.e-ultrasonography.org

ULTRASONOGRAPHY

transrectal [39,40], or transperineal [41] routes (Fig. 9). These
routes have some advantages over the transabdominal route.
Generally, pelvic masses are not technically easy to target via the
transabdominal route, because various bowel loops and vessels
intervene in the path of the biopsy. In contrast, the transvaginal
and transrectal approaches frequently provide a safe pathway for
a biopsy needle, avoiding injury to these critical organs. Moreover,
the transducer-to-lesion distance is shorter with the transvaginal,
transrectal, and transperineal approaches than with the

A
Fig. 8. A 37-year-old woman with glomerulonephritis.

Byung Kwan Park

transabdominal approach. However, an aseptic biopsy is not possible
when using the transvaginal or transrectal approach. Therefore, the
number of tissue samples should be minimized in cases where a
histological diagnosis is sufficient. Rectal evacuation and antibiotic
medication are strongly recommended before transrectal biopsy to
minimize the likelihood of infection.

Prostate Biopsy
Transrectal US (TRUS)-guided biopsies are still a mainstay for

A. Longitudinal ultrasonography shows a hypoechoic cortex (arrows) and a hyperechoic sinus (asterisks) in the left kidney. B. Longitudinal
ultrasonography shows only a hyperechoic cortex (arrows), which was sampled with an 18-gauge biopsy needle (open arrows) in order to

achieve an accurate and safe biopsy.

A

Fig. 9. An 80-year-old woman with squamous cell carcinoma.

A. Contrast-enhanced axial computed tomography shows a 3.7-cm cystic mass (arrows) in the right pyriform muscle. The lesion has thick
septa and a wall, suggesting a malignant tumour. B. Transvaginal ultrasonography shows the cystic lesion (arrows), which was sampled with
an 18-gauge biopsy needle (open arrows). The histologic diagnosis was squamous cell carcinoma.
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diagnosing prostate cancer [42,43]. However, a substantial number
of significant cancers are not detected using TRUS-guided biopsy
alone [44]. Recent studies have shown that the cancer detection
rate is higher in MRI-TRUS fusion images [45-47]. Frequently, TRUS
cannot clearly depict a lesion, even though it is clearly visible on
magnetic resonance (MR) images. If the pre-biopsy MR images are
fused with the TRUS images, prostate lesions that are unclear on
TRUS can be localized in real time (Fig. 10). Thus, abnormal prostate
lesions should be graded using the Prostate Imaging and Report
and Data System (PI-RADS), and a fusion biopsy is recommended

ULTRASONOGRAPHY

if the lesion is classified as PI-RADS 4 or 5 [48]. However, MRI-
TRUS fusion may have technical limitations or considerations for
the following reasons. Firstly, the prostate, which is usually seen as
a triangle in transverse axial images, is frequently deformed into a
banana shape when a TRUS probe is introduced (Fig. 10). Secondly,
axial MR images are obtained perpendicular to the urethra. However,
such axial images cannot be taken using TRUS, because oblique
axial images taken using TRUS are not perpendicular to the urethra.
Accordingly, axial TRUS images can never be truly axial; instead,
they are merely oblique-axial or coronal (Fig. 11). Thirdly, PI-RADS

Fig. 10. A 67-year-old man with prostate cancer. Magnetic resonance imaging—-transrectal ultrasound fusion imaging shows a left
peripheral cancer (arrow), which was well targeted with an 18-gauge biopsy needle (open arrows). The prostate shape is deformed in
the shape of a banana due to compression from the transrectal ultrasonography probe. The histologic diagnosis was Gleason score 7

adenocarcinoma sampled by a target biopsy.
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Fig. 11. A 69-year-old man with prostate cancer. Magnetic resonance imaging—transrectal ultrasound fusion imaging shows that a left
transition lesion (arrow) is not clear on transrectal ultrasonography, but is visible on T2-weighted magnetic resonance imaging. This Gleason
score 7 adenocarcinoma was not histologically sampled by a target biopsy, but by a systematic biopsy.
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4 or 5 lesions are frequently seen on TRUS images. Therefore, when
a PI-RADS 4 or 5 lesion is detected on pre-biopsy MRI, TRUS alone
should be performed first to determine whether the lesion is visible
(Fig. 12). If it is visible using TRUS alone, a MRI-TRUS fusion biopsy
is not necessary. Finally, a transperineal biopsy is recommended in
patients with a history of the Miles operation due to rectal cancer
[49]. When a PI-RADS 4 or 5 lesion is detected using MRI in such

Fig. 12. A 65-year-old man with prostate cancer.

Byung Kwan Park

patients, a TRUS biopsy is not possible because they have no anus.
Transperineal biopsy is one option for sampling the lesion (Fig. 13).

US-Guided Thermal Ablation

US-guided thermal ablation has been accepted as an alternative
treatment for liver [50,51] and thyroid tumours [52,53], because

P

).Ilﬁ/ Wb i

), /;Z),‘, » ',f

A. Diffusion-weighted axial magnetic resonance imaging shows a left Prostate Imaging and Report and Data System (PI-RADS) 5 cancer
(arrows) and a right PI-RADS 4 cancer (arrow). These lesions are both hyperintense peripheral cancers with strong diffusion restriction.
B. Transrectal ultrasonography shows that the right (arrow) and left (arrows) cancers are clearly visible. Both lesions were histologically
confirmed as Gleason score 8 adenocarcinoma via a transrectal ultrasonography-guided biopsy.

Fig. 13. A 71-year-old man with prostate cancer.

A. Transperineal ultrasonography shows a hypoechoic right peripheral lesion (arrow). The patient underwent a Miles operation due to rectal
cancer 10 years ago. An asterisk indicates a perineal subcutaneous fat layer. B. Transperineal ultrasonography shows an 18-gauge biopsy
needle (open arrows) traversing the lesion (arrow). An asterisk indicates a perineal subcutaneous fat layer. The histologic diagnosis was

confirmed as Gleason score 8 adenocarcinoma.
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these organs provide a good sonic window. However, US cannot
be used so readily to guide the treatment of renal and adrenal
tumours using radiofrequency ablation (RFA) [54], cryoablation
[55], or microwave ablation, although some investigators have
reported that US guidance was useful when ablating renal masses
[56-60]. Successful ablation requires complete treatment of the
tumour margin as well as the tumour. Using US, it is difficult to
depict the tumour margin during the ablation procedure (Fig.
14); the echogenic bubbles of the radiofrequency and microwave
ablation procedures, as well as the echogenic ice balls that occur

Fig. 14. A 44-year-old man with renal cell carcinoma.

ULTRASONOGRAPHY

during cryoablation, are such strong reflectors of US that neither
the posterior regions of a tumour nor the posterior tumour margin
can be precisely assessed during ablation procedures. Park et al.
[54] reported that the incidence of residual or recurrent renal cell
carcinoma was higher when using US-guided RFA than when using
CT-guided RFA. For these reasons, CT or MRI is preferred to guide
thermal ablation in treating renal or adrenal tumours.

However, US guidance does not entail the radiation dose that
occurs during CT-guided RFA or cryoablation [61,62]. When a lesion
is being targeted, the radiation dose is highest during CT-guided

A. Transabdominal ultrasonography shows a hyperechoic renal cell carcinoma (arrow) in the left kidney. The (+) markers indicate the length
of the non-insulated electrode. B. Transabdominal ultrasonography shows hyperechoic air bubbles (arrow) covering the lesion. The sonic
shadowing (open arrows) is so strong that the posterior tumour margin cannot be precisely identified.

Fig. 15. An acardiac fetus in 20-week twins.

A. Transabdominal ultrasonography shows an acardiac fetus (arrow) who is small for the gestational age. B. Transabdominal ultrasonography
shows that hyperechoic air bubbles (black open arrow) were created in the fetus (arrow) by radiofrequency ablation. White open arrows
indicate sonic shadowing behind the air bubbles.
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ablation, because RFA electrodes or cryoablation applicators require
multiple CT scans to achieve complete ablation [63]. Therefore,
most scans take place during the targeting phase [63]. US guidance
of RFA electrodes or cryoablation applicators would prevent the
radiation dose associated with CT-guided RFA or cryoablation.

Interestingly, US is the modality of choice during the RFA
treatment of an acardiac twin (Fig. 15) [64,65]. CT or MRI cannot be
used in this clinical setting, because the fetus should not be exposed
to such high levels of radiation, and because of foetal movement.
In contrast to tumour ablation, the treatment goal of RFA is not
complete ablation, but rather loss of viability. In fact, excessive
ablation may induce the early delivery of the other normal fetus.
Occasionally, the blood flow in the umbilical artery and vein must
be checked using colour Doppler US. If blood flow is not seen in the
umbilical vessels, ablation should be stopped to prevent unnecessary
induction.

Conclusion

US guidance is useful for aspiration, biopsy, and ablation in the
treatment of GU tract diseases. Radiologists should be familiar
with the basic principles and various techniques of US-guided GU
interventions. As such, radiologists can improve the diagnostic or
therapeutic outcomes of US-guided procedures conducted in the GU
organs.
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