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Abstract: Advances in modern clinical ultrasound include developments in ultrasound signal processing, imaging techniques and

clinical applications. Improvements in ultrasound processing include contrast and high-fidelity ultrasound imaging to expand

B-mode imaging and microvascular (or microluminal) discrimination. Similarly, volumetric sonography, automated or intelligent

ultrasound, and fusion imaging developed from the innate limitations of planar ultrasound, including user-operator technical

dependencies and complex anatomic spatial prerequisites. Additionally, ultrasound techniques and instrumentation have

evolved towards expanding access amongst clinicians and patients. To that end, portability of ultrasound systems has become

paramount. This has afforded growth into the point-of-care ultrasound and remote or tele-ultrasound arenas. In parallel, advanced

applications of ultrasound imaging have arisen. These include high frequency superficial sonograms to diagnose dermatologic

pathologies as well as various intra-cavitary or lesional interrogations by contrast-enhanced ultrasound. Properties such as real-

time definition and ease-of-access have spurned procedural and interventional applications for vascular access. This narrative

review provides an overview of these advances and potential future directions of ultrasound.
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ajor technologic developments in early

ultrasound research came to a precipice in

the 1950s with the clinical application of
sonography [1]. The advent of commercially available
real-time ultrasound by the 1960s reduced operator-
dependency and increased interventional applications [1].
Rapid advances followed with domain expansion beyond
obstetrics and cardiology to a wide range of fields
including oncology and trauma [1].

This narrative review provides an overview of the
momentum of clinical sonography in research and
practice moving forward. Advances in ultrasound
processing emerge at the forefront. A propensity
towards field maturation has prompted developments
in ultrasound technique and innovations in clinical
application.

Advances in ultrasound technology

Ultrasound imaging processing serves as the
lead point for further advances in ultrasound. Major
developments in depicting micro-perfusion and high-
resolution sonography include contrast-enhanced
ultrasound (CEUS), high-fidelity ultrasound and high
frame rate imaging. Increasing morphological and
interventional demands necessitates expansion into multi-
dimensional and intelligent sonography. Together, fusion
and multi-modality navigation represents a culmination
of this development.

Ultrasound contrast imaging processing
In CEUS, an ultrasound contrast agent (i.e., billions
of gas-filled, microbubbles) is administered (typically
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intravenously) and visualized on sonography. The
insonation of ultrasound contrast agent results in
non-linear scatter at the subharmonic (1/2 % transmit
frequency), harmonic, and superharmonic signal (n
x transmit frequency), as depicted in Fig. 1 [2]. Soft
tissues typically display linear scatter instead. When
paired with pulse inversion and other post-processing
techniques, background tissue can be somewhat
suppressed. This suppression can be further improved
using nonlinear excitation pulse sequences and amplitude
modulation [3].
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Figure 1 Demonstration of the non-linear scatter of microbubbles into
primarily the subharmonic (1/2 x transmit frequency) and second harmonic
(2 x transmit frequency) signals with additional superharmonic (n x
transmit frequency) signals noted.

Early contrast agents included agitated saline and
autologous blood, both of which resulted in the formation
of compressible bubbles when infused at adequate rates [4].
First-generation commercial microbubble contrast
agents utilize a stabilizing shell encapsulating a gas
core of air [4]. However, owing to the high gas core
solubility in blood, these agents could only maintain
stability for a brief period of time. Second-generation
commercial microbubble contrast agents utilized a
variety of different outer shells (such as phospholipid,
albumin, or surfactant) encapsulating a high density
low blood solubility gas (such as sulfur hexafluoride or
octafluoropropane) [4]. These agents maintain a longer
period of stability in systemic circulation [4].

Modern microbubbles (in addition to first generation
agents) are produced at standard sizes (between 1 to 10
um)—at or smaller than the size of circulating red blood
cells [4]. Compared with iodinated contrast or gadolinium
(used in computed tomography CT or magnetic resonance
imaging MRT, respectively), ultrasound contrast agents
administered intravascularly pool within the vessels with
limited or no extravasation of contrast [4]. This property
allows for greater vascular definition, improving their
characterization of soft tissue and parenchymal tumors (Fig.
2 and Fig. 3) [5, 6]. Additionally, there are no concerns
with renal toxicity or hepatotoxicity with these agents [5].
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There are three ultrasound contrast agents approved
by the Food and Drug Administration for use in the
United States. Definity (Lantheus Medical Imaging,
N. Billerica, MA) and Optison (GE Healthcare,
Marlborough, MA) are approved for echocardiography;
while Lumason (Bracco Diagnostics, Monroe Township,
NJ) is approved for echocardiography, characterization
of focal liver lesions, and evaluation of vesicoureteral
reflux in the pediatric population [7, 8].

Figure 2 Harmonic contrast enhanced ultrasound of the kidney by
MicroFlow Imaging (Canon Medical Systems, Tustin, CA) demonstrates
the renal cortical vasculature.

Figure 3 Subharmonic contrast enhanced ultrasound of the kidney
details macro- and micro-circulation of the renal parenchyma in a three-
dimensional rendering display.

High fidelity ultrasound imaging

High fidelity ultrasound imaging represents the
culmination of improved spatial resolution and sensitivity
of B-mode and Doppler ultrasound. Taken together, high
fidelity ultrasound has the potential to broaden the scope
of diagnostic sonography. Advancements in ultrasound
spatial resolution are appreciated in both high resolution
ultrasound (HRU) and Doppler technology. Additionally,
high sensitivity Doppler (HSD) may provide a more
sensitive interrogation of microperfusion associated with
target pathologies. These sophisticated technologies have
been implanted in several high-end ultrasound systems.

HRU and Advanced Dynamic Flow (ADF, Canon
Medical Systems, Tustin, CA) both represent significant
developments in ultrasound spatial resolution. HRU
relies on ultrasound bandwidths higher than 15 MHz [9].
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This is much higher than typically used in abdominal
(2.5-3.5 MHz) and vascular ultrasound (5.0-10.0 MHz).
This allows for discrimination as small as 100 pm[9].
Novel clinical applications of HRU include dermatologic
and ophthalmologic sonography [9]. ADF couples high
resolution sonography to standard Doppler imaging with
the utilization of a broadband transmission frequency,
selective filtering approaches and high frame rate,
bringing resolution and lateral discrimination comparable
to B-mode (Fig. 4) [10].

Figure 4 High resolution ultrasound (A) and advanced dynamic flow (B)
are demonstrated with the examination of the distal end of an index finger.
Image provided by Cannon Medical Systems.

In contrast, HSD techniques rely on suppressing the
standard wall-filter elimination of low-flow vasculature
[11,12]. Specifically, Superb Microvascular Imaging
(SMI, Canon Medical Systems, Tustin, CA) utilizes a
proprietary adaptive algorithm to suppress background
motion artifact without eliminating low-flow signals
[11]. This technique maintains the high resolution and
frame rates of ADF and B-mode ultrasound [11]. SMI
may provide an evaluation of microperfusion without
the administration of ultrasound contrast agents [11].
This can allow for improved tumor characterization,
identification of ischemia, and gradation of inflammation
or neovascularization (Fig. 5) [11,12]. As demonstrated
earlier in Fig. 2, Microflow Imaging (Canon Medical
Systems, Tustin, CA) represents an amalgam of HSD and
ultrasound contrast processing techniques.

Volumetric ultrasound

Volumetric ultrasound or three-dimensional
ultrasound (3D) was developed in response to challenges
inherent to standard two-dimensional (2D) ultrasound.
Specifically, planar ultrasound suffers from concerns of
non-representative or non-continuous image sections
requiring a subjective user extrapolation to define
extent of pathology with notable operator dependence.

AUDT 2018;02:051-63

Consequently, variation in technique and complex
anatomy can make quantitative assessments more
difficult (especially for inexperienced users) [13].

Using volumetric ultrasound, a single systematic
pass through target pathology can be performed and
measurements can be methodically calculated—even
in cases of complex geometry [13]. Images can be
acquiring through 2D array transducers, transducers with
mechanical motors, or through a freehand technique
in which images are “spliced” together with 3D
localization. When images are obtained continuously
over a time interval, these are termed four-dimensional
ultrasound [13].

Figure 5 B-mode (A) and SMI (B) evaluation of a thyroid tumor is
demonstrated. Notable tumor vascularity is appreciated. Image provided by
Cannon Medical Systems.

Early applications of volumetric ultrasound were
focused on obstetrics for the diagnosis of anatomic
congenital abnormalities in utero (Fig. 6) [14,15].
However, volumetric ultrasound may also be used in
intraabdominal lesion characterization and superficial
structure assessment, such as in breast and thyroid [16].
Volumetric ultrasound may be superior in defining
the anatomy of the lower genitourinary tract because
of the complex geometric anatomy present [14]. This
is particularly true in cases with concern for bladder
or prostate cancer [14]. Additionally, volumetric
ultrasound may improve cardiovascular imaging [14].
3D reconstruction of the cardiac chambers may provide
a better structural understanding of ventricular anatomy
[14]. 3D reconstruction of aorta by ultrasound can be
used in the assessment of endoleaks after stent graft
placement [14].
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Figure 6 Volumetric obstetric ultrasound performed of an in-utero fetus with three-dimensional facial rendering detailing topographic and developmental

anatomy.

Automatic and intelligent imaging function
Intelligent ultrasound imaging provides a reproducible
measurement and quantification analysis of select
pathologies and organ systems. As in 3D ultrasound,
intelligent ultrasound imaging will allow for rapid
volumetric measurements with minimal user input [17].
Applications include echocardiography, abdominal
imaging, pelvic floor imaging (Fig. 7), breast imaging,
and interventional applications with multi-modality fusion

Figure 7 A volumetric ultrasound of the pelvic floor is depicted with the
automated annotation and measurement of key standardized perimeters
using intelligent post-processing software via the Mindray Resona 7
system. Image provided by MindRay.
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imaging,

Anatomical Intelligence (Philips, Amsterdam,
Netherlands) functions by coupling key known or stable
landmarks in the patient’s anatomy to a virtual representation
established within the software [17]. Using adaptive system
intelligence, this virtual representation is then fit to the
actual clinical image. Automated measurements are then
taken using the virtual representation as the reference
[17]. When paired with volumetric ultrasound, modern
technologies such as HeartModel (Philips, Amsterdam,
Netherlands) provide immediate and reproducible left
ventricle and left atrial volumes (Fig. 8) [9]. Similarly,
solutions exist for immediate diagnosis and visualization of
a wide range of structural heart diseases [9,17].

Imaging fusion and interventional navigation

Advances in fusion technology allow increased
confidence in diagnosis and interventional navigation
by exploiting the advantages brought by each of the
fused imaging modalities. Specifically, co-registration
of MRI or CT data with real-time ultrasound can
provide additional spatial reasoning, aiding in lesion
identification (Fig. 9) and needle tracking. Additionally,
ultrasound fusion may have a role in trainee education,
providing a more robust three-dimensional correlate
[18,19].
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Figure 8 HeartModel provides a robust, reproducible ejection fraction and offers automated multi-dimensional views and reproducible quantification
with one-button simplicity. The image provided by Philips Healthcare. LV, left ventricular; LA, left atrium.

Figure 9 Computed tomography to contrast ultrasound fusion is depicted demonstrating the hepatic lesion to navigate real-time targeted biopsy. Image

provided by Cannon Medical Systems.

Co-registration of ultrasound data is reliant on
accurate tracking. Techniques include electromagnetic,
optical, and internal image tracking [18,20]. In
electromagnetic tracking, a magnetic field generator
is positioned near the patient. As the ultrasound probe
is moved across the patient’s body, the electrical
current experienced by a sensor on the probe changes,

AUDT 2018;02:051-63

establishing probe position in 3D space [20]. In optical
tracking, a nearby camera tracks the ultrasound probe
position by the detection of a laser or infrared light
emitter on the probe. Internal image tracking attempts
to correlate designated anatomic landmarks between
modalities [20]. Of note, automatic co-registration
of previously acquired cross-sectional imaging is at
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the forefront of interventional navigation, combining
intelligent imaging function with volumetric ultrasound
to alleviate concerns of technical difficulty and time-
investment in ultrasound imaging fusion [21]. While
workflow challenges exist when using these technologies,
multi-modality imaging has the potential for significant
value, particularly within the interventional space.

Developments in ultrasound technique

Modern developments in ultrasound imaging
techniques have revolved around the expediency of
problem-solving afforded by sonography. Specifically,
point-of-care ultrasound, made possible by portable
ultrasound systems, has grown tremendously with cross-
discipline support. To that end, tele-ultrasound leverages
the expertise of radiologists with the portability of
sonography.

Point-of-care ultrasound (POC)

Over last two decades, POC ultrasound has grown
tremendously, contributing to the concept of the “ultrasound
stethoscope” [22]. That is, ultrasound should be accessible
as well as easy to use, provide rapid feedback regarding the
patient’s status, and have minimal morbidity. Consequently,
POC ultrasound is well positioned in the critical care and
emergency setting [23]. Ultrasound is being advocated for
part of the core curriculum for physician training in non-
radiologic specialties including emergency medicine and
surgery [24].

Moore et al. [23] differentiates POC ultrasound into
three broad applications: Procedural, diagnostic, and
screening. Procedural applications of POC ultrasound
include all advanced needle-guidance techniques such
as vascular access and pericardiocentesis. These are
discussed later (see Image-Guided Therapy). Diagnostic
POC ultrasound serves as a “goal-directed” interrogation
of a known pathologic endpoint [23]. Specifically, the
focused assessment with sonography for trauma may
be used in trauma patients for the rapid assessment of
hemodynamically significant intraabdominal hemorrhage
or pericardial effusion (Fig. 10) [23]. Echocardiography
and inferior vena cava compressibility may be used to
evaluate the left or right heart systems and volume status
[23]. Pulmonary ultrasound may be used to exclude
pneumothorax, identify pleural effusions, and follow the
progress of pulmonary edema. Finally, POC ultrasound
may be used for screening applications such as in the
identification of abdominal aortic aneurysms in high risk
patients in a primary care provider’s office [23].

Portable ultrasound systems
Portable ultrasound systems developed out of
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a recognized role for POC ultrasound in urgent or
emergent but remote environments [11]. Modern portable
ultrasound machines include narrow profile mobile
devices (Fig. 11) or free-standing ultrasound probes that
utilize a connected mobile phone for post-processing and
display (Fig. 12) [11,25]. Little additional infrastructure
is necessary for the implementation of portable
ultrasound—making it a particularly valuable tool in
resource-limited clinical scenarios [11]. This includes
disaster management and imaging in rural areas [11].

Figure 10 Contrast-enhanced examination of a patient after abdominal
trauma is depicted. An area of extravasation (arrow) is demonstrated from
the spleen (SP) into an anechoic early hematoma (H). Image provided by
Dr. Faqin Lv.

Figure 11 Narrow profile laptop-based ultrasound machines can facilitate
portable ultrasound examinations (X5 model, SonoScape Medical Corp,
Shenzhen, China).

While there is a paucity of data on the relative
efficacy of portable ultrasound devices compared
with standard ultrasound machines, existing literature
suggests comparable test statistics [11]. However, lower
quality B-mode imaging and diminutive screen sizes
can make advanced diagnostic techniques such as lesion
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characterization and quantification less reliable [15].
Portable ultrasound devices are likely most valuable
for answering specific emergency questions such as
the presence of abdominal ascites, pleural effusions, or
gallstones [15].

Figure 12 Handheld ultrasound unit is depicted (Sonostar Technologies
Co., Ltd, Guangzhou, China). A wireless connection to a nearby
smartphone is maintained for image visualization.

Tele-ultrasound

Tele-radiology has evolved to become a major resource
for hospitals wishing to provide continuous coverage
by an experienced radiologist [16]. Additionally, tele-
radiology may be utilized in regions and countries with
limited access to advanced radiology [16]. This may
even include outer space—ultrasound is the only medical
imaging modality available on the International Space
Station [26]. To this extent, tele-ultrasound provides
unique challenges and opportunities.

Tele-ultrasound may be performed in a synchronous
or asynchronous fashion [16]. That is, the tele-radiologist
may read and interpret ultrasound images in real-time or
after the entire examination is complete and transmitted
[16]. Synchronous tele-ultrasound allows for early
detection of problems associated with the examination
[16]. Additionally, it proves the interpreting radiologist
additional anatomo-clinical context by affording real-
time physiologic and spatial context (Fig. 13) [16].

Early on, limitations of synchronous tele-ultrasound
existed with adequate data compression and bandwidth [16]
Advances in broadband internet access and compression
techniques have alleviated telecommunication concerns
[16]. However, synchronous tele-ultrasound requires
constant supervision of the medical personnel performing
the examination [16]. Robotic arm-assisted sonography,
still early in development, provides the radiologist with the
ability to remotely control the ultrasound probe and direct
the actual examination (Fig. 14 and Fig. 15) [16].

AUDT 2018;02:051-63

Figure 13 A portable ultrasound system (Shenzhen Wisonic Medical
Technology Co., Ltd., Shenzhen, China) is depicted. The system utilizes a
built-in telecommunication capability for real-time consultation for both
domestic and international applications.

Figure 14 A light-weight six-axis robot system (Kuka, Augsburg,
Germany) is depicted with the capability to maneuver and stabilize an
ultrasound probe (arrow).

Figure 15 A robotic tele-ultrasound system (MGIUS-R3, MGI Tech
Co., LTD., Shenzhen, China) can be used to remotely scan patients and
communicate with doctors for diagnosis and consultation. Image provided
by MGI Tech.

Innovations in clinical ultrasound application
Advances in ultrasound processing and sonographic
technique have lent themselves to major innovations
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in clinical ultrasound applications. These innovations
are fundamental to clinical translation of industrial and
academic ultrasound research. Emerging applications
include superficial structure imaging, CEUS, and image-
guided therapies.

Superficial structure imaging

Superficial structure imaging by ultrasound relies
on HRU to delineate cutaneous lesions and pathologies
(Fig. 16). Frequencies between 13.5-15 MHz allow
for penetration of up to 3 cm and high resolution
visualization of the epidermis and dermis [27]. However,
frequencies between 50—100 MHz may be used to
visualize the epidermis alone [27].

Dermatologic ultrasound was first used in the

detection of skin cancers in the 1990s [27]. Cutaneous
malignancies (malignant melanoma, basal cell carcinoma,
or squamous cell carcinoma) are typically appreciated
as a poorly defined hypoechoic lesion with evidence of
lesion vascularization which is differentiated from benign
epidermal cysts typified by well-defined hypoechoic
lesions and minimal vascularization [27]. While
malignancy differentiation frequently requires histology,
the presence of hyperechoic dots within the lesion
(representing calcifications or necrotic nests of cells) may
signify basal cell carcinoma [27]. HRU may also help to
establish tumor margins and depth of extent. However,
significant hyperkeratosis, inflammation and reticular
dermal extension may make delineation of subcuticular
extension difficult [27].

Figure 16 High resolution ultrasound performed at 70 MHz details the layers of the skin. From superficial to deep, the epidermis (E), dermis (D), and
subcutaneous layer (S) is appreciated. An unnamed compressible vein within the dermis is indicated by an arrowhead.

More recently, HRU has been used in the characterization
of benign cutaneous lesions and the identification
of inflammatory or infectious diseases. Ultrasound
discrimination of common skin disorders such as keloids,
lichen planus, eczema, psoriasis and seborrheic keratosis
has been described [27]. Additionally, lipomas may be
differentiated from epidermoid cysts, hemangiomas, and
metastatic malignant nodules. Inflammatory disease activity
in systemic sclerosis may be monitored by HRU. Finally,
early evidence of cellulitis (as indicated by a subcutaneous
increase in echogenicity representing edema) may be
identified [27].

Ultrasound frequencies much higher than 25
MHz have been used in limited but evolving clinical
applications [27]. Targeted sonography of the epidermis
alone may be performed [27]. Additionally, ultrasound
biomicroscopy (UBM) utilizes frequencies of at least
50 MHz [28.29]. UBM is valuable in the sonographic
examination of the anterior segment or peripheral
posterior segment of the eye (Fig. 17) [29]. Additional
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applications include the diagnosis of acute angle
glaucoma, ciliary body pathology and quantitative
analysis of the anterior chamber angle [29].
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Figure 17 Ultrahigh frequency ultrasound biomicroscopic imaging (50
MHz, Quantel Aviso, France) demonstrates the normal structures of a
superficial eye with detailed anatomic visualization. Image provided by Dr.
Wenli Yang.
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Contrast-enhanced ultrasound

As noted earlier, ultrasound contrast agents have
been FDA approved for left ventricular opacification,
characterization of focal liver lesions, and diagnosis
of uretero-vesicular reflux [7,8]. However, CEUS is
particularly well-positioned for the detection of any
pathology differentiated by microperfusion (intravenous
injection) or the variable distribution of any luminal
structures (intracavitary injection) [5].

CEUS has shown significant value in oncology and
interventional oncology based on its ability to detect

changes in lesion perfusion and microperfusion [30].
CEUS has promise in the early detection of locoregional
therapy failure after trans-arterial chemo-embolization
of hepatocellular carcinoma (Fig. 18) [31]. CEUS
may also serve as a valuable diagnostic tool in the
evaluation of indeterminate renal lesions (Fig. 19) and
breast lesions [5,32]. Additionally, CEUS may aid in
biopsy guidance, particularly in lesions with significant
necrotic components or with poor differentiation from
surrounding normal tissues (such as in prostate cancer)
[32].

Figure 18 Contrast-enhanced ultrasound examination of a patient with hepatocellular carcinoma prior to trans-arterial chemoembolization (TACE) (A)
and 2 weeks after TACE (B). The tumor was confirmed as completely treated by routine MRI performed at 6 months.

Other novel applications of CEUS include endoleak
detection, biliary imaging, and lymphosonography [5].
Ultrasound contrast agents injected intravascularly can
be used to dynamically detect and quantify flow into
excluded aneurysmal sacs that might be missed by CT
or MRI [33]. Biliary injection of ultrasound contrast
agent may be used to visualize the biliary tree (Fig. 20)
and localize luminal appliances and lesions [5]. Finally,
subdermal or subcutaneous injection of UCA may be
used to trace lymphatic drainage [34]. When injected
peri-tumorally, UCA may serve as a novel agent in the

AUDT 2018;02:051-63

identification of sentinel lymph nodes (Fig. 21) [35].

Image-guided therapy

Ultrasound is particularly well-positioned for
improving image-guided therapy as it provides the
practitioner real-time feedback and is easily portable.
As a result, interventionalists have long found value in
ultrasound-guided procedures. Increasingly, additional
procedural specialties are expanding the role of
ultrasound in targeted therapies. Two major fields of
technical advancement include locoregional anesthetic
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blocks and vascular access.

Ultrasound guided peripheral nerve blocks provide
a newer and potentially safer alternative to central
neuraxial (such as epidural) and paravertebral regional
anesthesia techniques [36]. Ultrasound guidance affords
increased rates of success, decreased operative pain, and

reduced vascular puncture [37]. Certainly, concerns with
increased cost and training barriers exist compared with
landmark and nerve stimulation techniques. Nonetheless,
patients with known difficult anatomy may specifically
benefit from ultrasound-guided nerve localization and
real-time needle tracking (Fig. 22) [37].

Figure 19 Contrast enhanced ultrasound performed of a kidney with previously indeterminate lesions demonstrates multiple benign renal cysts. These are

characterized by thin-walls and no internal enhancement or vascularity.

Figure 20 A contrast-enhanced intra-biliary ultrasound examination is
depicted in a patient with known cholangiocarcinoma. Diluted ultrasound
contrast agent is injected through a left percutaneous transhepatic
biliary drainage catheter. The sonogram depicts enhancement of the
left intrahepatic bile duct while the left hepatic duct is cut off. The right
intrahepatic bile duct and the common bile duct are not displayed. Image
provided by Dr. Rongqin Zheng.

Ultrasound guided vascular access has evolved
tremendously. Both internal jugular and femoral vein
cannulation have been traditionally performed by a
landmark technique [38]. However, ultrasound guidance
has been shown to reduce the number of failed attempts,
increase the chance of success, and decrease procedural
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Figure 21 Contrast-enhanced ultrasound imaging shows a sentinel lymph
node (SLN) and drainage lymphatic channel (arrows) after subcutaneous
injection of around a melanoma tumor in a swine model.

complications (Fig 23) [38]. New ultrasound systems
focus on needle guidance. Needle guidance may be
provided via bracket systems or free-hand position-
based systems. In the former, the needle and the probe
are physically coupled and the needle is inserted at a
static angle and distance from the probe [39]. In the
latter, a variety of external guidance position systems are
utilized to localize the needle and the probe within three-
dimensional space (such as electromagnetic emitters and
sensors) [40]. This provides more flexibility in angle and
approach at the expense of complexity.
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Of course, the above advances can be expanded to
any needle-based techniques. Biliary access procedures
(such as percutaneous cholecystostomy or percutaneous
transhepatic cholangiography) are frequently
performed under ultrasound guidance [41]. As noted
earlier, ultrasound and CEUS may be used to direct

soft tissue or trans-abdominal needle biopsy or access
[32]. Percutaneous techniques such as direct abdominal
aortic sac puncture and lymphangiography may be
performed at advanced centers under ultrasound
guidance as well [42,43].

Figure 22 Ultrasound-guided cervical nerve block is depicted. The needle tip and track arevisualized (arrowhead). The 5th cervical nerve root (white
arrow) is targeted with close anatomic relationship to the anterior scalene muscle (yellow arrow). Image provided by Dr. Dingzhang Chen.

JEFFERSON ULTRASOUND
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Figure 23  Under real-time ultrasound guidance, a 24-gauge angiocatheter (arrow) is inserted into the left radial artery (RA-LEFT).

Conclusion

The field of medical ultrasound has expanded greatly
since the early 1950s. Advances in ultrasound signal and
image processing serve as a cornerstone of ultrasound
research. Significant developments in diagnostic
ultrasound include contrast agents, automated/intelligent
or multi-dimensional imaging, and high-fidelity
sonography. Moving forward, research and clinical
growth in interventional and therapeutic applications of

ultrasound is expected.
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