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Abstract: Renal and genitourinary ultrasound are fundamental resources employed by emergency
and critical care healthcare providers to make prompt diagnoses and perform ultrasound-guided
procedures. At the bedside, ultrasound can aid in the diagnosis of relevant pathologies, such as
post-renal obstruction or kidney stones, and life-threatening conditions such as aortic dissection
or hemoperitoneum. A narrative overview was performed, providing an updated review of renal
and genitourinary ultrasound for emergency and critical care healthcare providers, emphasizing its
advantages and the latest advances in the field. A thorough summary that can be utilized as a guide for
emergency and critical care healthcare providers is presented. The daily hemodynamic management
of critically ill patients involves the implementation of new protocols, such as VexUS or the evaluation
of the renal resistance index. The role of ultrasound in managing acute nephropathy and genitourinary
issues is increasingly crucial given its bedside availability, thus this imaging modality not only
facilitates the initiation of therapeutic interventions but also provides swift prognostic insights that
are vital to provide tailored patient care. As further advances in ultrasound will arise, it is important
for healthcare providers to foster the use of these technologies capable of improving patient outcomes.

Keywords: renal ultrasound; genitourinary ultrasound; renal colic; swinging kidney; vexus; renal

resistivity index; review

1. Introduction

Ultrasound has long been recognized as an important technique for evaluating the
pulmonary and cardiovascular systems in acute medicine, especially in the Emergency
Department (ED) and Intensive Care Unit (ICU) settings. Nowadays, ultrasound techniques
have expanded their scope and have been studied throughout the systems of the whole
human body, from head to toe [1]. The point-of-care (POC) availability of ultrasound
provides an important opportunity for emergency and critical care healthcare providers,
allowing the potential for both (a) a prompt diagnosis and (b) the ability to perform several
ultrasound-guided procedures [2]. The field of critical care medicine has been impacted by
recent advances in renal ultrasound applications. The sensitivity range of this non-invasive
imaging method is now in the range of 62% to 77%, and it has a specificity of 58% to 73%
for renal parenchymal diseases. It is notable that it has a high positive predictive value of
92% when microscopic examination is assumed as a reference [3].

Healthcare 2024, 12, 1356. https:/ /doi.org/10.3390 /healthcare12131356

https://www.mdpi.com/journal /healthcare


https://doi.org/10.3390/healthcare12131356
https://doi.org/10.3390/healthcare12131356
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/healthcare
https://www.mdpi.com
https://orcid.org/0000-0001-7136-0343
https://orcid.org/0000-0002-1893-9273
https://orcid.org/0000-0002-5489-2898
https://orcid.org/0000-0002-3818-9676
https://doi.org/10.3390/healthcare12131356
https://www.mdpi.com/journal/healthcare
https://www.mdpi.com/article/10.3390/healthcare12131356?type=check_update&version=1

Healthcare 2024, 12, 1356

20f17

The use of ultrasound in nephrourology dates to the 1950s, with the objective of study-
ing the morphology of major organs. However, it was only in 1976 that the Doppler study
of renal vessels was introduced into clinical evaluation [4]. In the present day, genitourinary
ultrasound, which is primarily used in the radiological laboratory, is becoming a useful tool
for evaluating different aspects of the critically ill patient’s bedside. In this scenario, the
management of acute patient care is facilitated by the application of renal and genitourinary
ultrasound to obtain vital diagnostic data that aids healthcare providers in performing
diagnoses and procedures.

The purpose of this article is to provide an updated overview of renal and genitouri-
nary ultrasound for emergency and critical care healthcare providers, emphasizing its
advantages and latest advances in the field.

2. Materials and Methods

A narrative overview was performed [5]. The study design was chosen in order to
address the topic of renal and genitourinary ultrasound in a wide form [6], thus presenting
the broad perspectives of the topic [5].

Literature searches have been conducted on the following electronic databases: PubMed,
Scopus, and Cumulative Index to Nursing and Allied Health Literature (CINAHL). Also,
manual searches of relevant scientific society websites, textbooks, and the reference lists
of included articles were performed to gather all the evidence available. Search strings
were combined using the Boolean operators AND, OR, and NOT, adopting the following
keywords: renal ultrasound, genitourinary ultrasound, bladder ultrasound, ultrasound
procedures, ultrasound techniques, acute kidney injury, renal colic, ureteral jet, renal resis-
tivity index. The research team included and narratively synthesized documents relevant
to the review’s aims. In order to guarantee rigor in the development and reporting of the
narrative overview, the quality aspects of the Scale for the Assessment of Narrative Review
Articles (SANRA) were adopted [6].

3. Results
3.1. Normal Sonographic Anatomy

Renal ultrasound is usually performed with a convex probe operating at a frequency
of 2.5-5 MHZz [7]. The imaging is conducted in two basic orientations: coronal and trans-
verse. This comprehensive assessment includes a morphological review of the kidney,
quantification of cortical thickness, measurements of the kidney’s dimensions, evaluation
of tissue echogenicity, and the detection of any pathologic alterations present [8].

The kidneys are oval organs, with a long axis diameter of 9-12 cm, a width of 5-7 cm,
and a thickness of 4-5 cm. The parenchyma and cortex are 1-2 cm thick and 0.8-1 cm
thick, respectively. The echogenicity of the cortex is equal to or slightly less than that of
the hepatic parenchyma, while the medulla is hypoechoic. The boundary between the
cortex and the medulla can be easily discerned. The renal sinus forms about half to three-
quarters of the kidney and is hyperechoic and heterogeneous. The renal sinus is an adipose
compartment that contains the renal hilum (artery and vein), renal calyces, and lymphatic
vessels. Alterations in its echogenicity may be normal variants (e.g., renal pseudotumor
or hypertrophic columns of Bertin) or pathological (e.g., neoplastic invasion, metabolic
alterations, etc.) [9]. A dark liquid tubular area with a diameter of <1 cm is visible inside the
sinus. This area is the renal pelvis, which is a triangular shape that can be seen posteriorly
in the renal hilum and is surrounded by fat and vessels, and it is made when two-to-three
major calyces are united, or seven-to-eleven minor calyces are joined [10]. Its normal
echogenicity can be altered by several pathological processes, including hydronephrosis,
renal lithiasis, or renal pelvic transitional cell carcinoma.

In a normal color Doppler ultrasound, the kidney blood flows from the renal hilum to
the renal cortex. Four degrees of renal blood flow can be measured: grade 0, when there is
no flow visible, to grade 3, which signifies normal vascularization.
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3.2. Acute Kidney Injury

Acute kidney injury (AKI) is characterized by the rapid decline in kidney function.
The typical manifestation is the accumulation of the final products of nitrogen metabolism
(i.e., urea and creatinine), a decrease in urinary output, or both. The K-DIGO classification,
which is characterized by three levels of increasing gravity, can be utilized to determine
the degree of severity of AKI. In patients who are hospitalized, the incidence of AKI is
particularly significant. It is estimated that up to almost 10% of these patients suffer from
some degree of acute kidney injury. Among patients admitted to the ICU, this percentage
increases to 60% [11].

Both neurohormonal mechanisms and hemodynamic factors play a role in the complex
pathogenesis of AKI. The direct neurotoxic effect, low renal perfusion (such as hemody-
namic shock), cardiac output deficit, or an inflammatory state are just some of the causes
of AKI. Both pre-renal and intrinsic renal causes can affect the pathogenesis of AKI. The
urinary flow obstruction can be a post-renal cause [11].

Despite acute tubular necrosis being the main cause of AKI, which is correlated with
inflammation and hemodynamic factors, ultrasound does not play a secondary role in this
scenario. The primary objective of ultrasound is to determine if there is a post-renal cause
of AKI (that is, urinary outflow obstruction) [12]. Hydronephrosis is the main manifestation
of urinary obstruction, and we will discuss it further.

Ultrasound can be used to suggest the timing of renal failure when there is no post-
renal cause. Small kidneys (i.e., a major length < 10 mm) with a thin cortical (i.e., <6 mm)
may indicate long-lasting damage [13-15]. In contrast, kidneys that are enlarged and
hyperechoic can indicate nephritis or acute tubular necrosis [16].

The hemodynamic evaluation related to AKI and to the condition of hemodynamic
shock fully includes the interpretation of the resistive index; however, we will discuss this
more extensively in the continuation of our review. For now, it is sufficient to acknowledge
that an increase in the resistivity index has a significant impact on the prognosis of AKI [17].

3.3. Renal Colic

Renal colic—a common cause of abdominal pain often encountered by EDs—is caused
by obstruction and distension of the ureter and renal pelvis, which causes a sudden, severe,
and sharp pain in the side and lower back. Pain can be associated with a wide range of
neurovegetative symptoms such as nausea, vomiting, and diaphoresis. Although the main
cause is nephrolithiasis, renal colic can be caused by other causes of ureteral obstruction,
such as ureter spasm, intra-ureteral thrombus, or obstruction caused by acute papillary
necrosis. The diagnosis is based on clinical, laboratory (including microscopic hematuria),
and ultrasound assessment.

The prevalence of nephrolithiasis is about 13% in developed countries [18]. In this
context, some scores (such as the STONE score) can predict the likelihood of ureteral stones
in patients with flank pain [19]. The STONE score should only be used when there is
normal kidney function in non-febrile patients and not when there has been recent trauma
or ureteral surgery.

Even with low and ultra-low radiation doses, the CT scan is still considered the gold
standard imaging technique [20]. A consensus among multiple disciplines suggests that
point-of-care ultrasound, which has a sensitivity of about 70% and specificity of about 75%,
can aid in preventing uncomplicated patients from being exposed to ionizing radiation [21].

A unilateral dilation of a long tract of the ureter and renal pelvis is the primary
ultrasound sign of renal colic (Figure 1). The severity of hydronephrosis can be classified
into four degrees. The intensity of pain is correlated (at least partially) with the degree of
hydronephrosis [22] and the prognosis of kidney function [23].
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Figure 1. Renal hydronephrosis. From left to right: II-grade hydronephrosis. A clear dilation of the
renal pelvis and a small dilation of the calyces are present. It should be noted that there are some
parapelvic cysts. III-grade hydronephrosis. It is noted that although the renal calyces are dilated, they
are still recognizable. IV-grade hydronephrosis. Renal calyces are difficult to identify. The pelvis and
renal calyces are completely dilated. Also, the thinning of the cortex can be noted.

3.4. Ureteral Stone

On the ultrasound, kidney stones appear as a hyperechoic structure with a shadow
cone behind them (Figure 2). In addition to determining hydronephrosis and grading
its severity, ultrasound has a prognostic significance in the case of nephrolithiasis. The
literature agrees that the size and location of the stone are predictive factors for spontaneous
expulsion [24]. If the ureteral calculus is small (having a maximum diameter of <10 mm)
and distal along the ureter tract, there is a higher chance of spontaneous expulsion [25]. In
addition to these factors, leukocytosis could also play an analogous prognostic role [26,27].

TIS0.5 MI 1.1

Figure 2. The hyperechoic calculus that produces a posterior shadow cone can be identified.

The size and location of the ureteral stone can be determined by expert operators using
ultrasound, with a 73% agreement with the CT scan [28]. The management of patients
with renal colic in the acute setting can be impacted by ultrasound. Clinical conditions
(such as shock, fever, and others), the severity of hydronephrosis, and the location and size
evaluation of ureteral stones through ultrasound can guide patient management.
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3.5. The “Twinkling” Artifact

The “twinkling” artifact can assist in ultrasonographic stone identification for small
kidney stones, particularly those located in the juxta vesical region [29]. The “twinkling”
artifact consists of a point of alternating colors in the color Doppler mode, behind a reflective
object (such as a kidney stone), which takes on the appearance of turbulent flow (Figure 3).
The “twinkling artifact” has a sensitivity of around 88% and a specificity of 80 to 92% in
detecting kidney stones [30,31].

Add. Renale TIS0.2 MI1.2
C5-1
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Figure 3. A twinkling effect is produced by a calculus located near the left ureteral meatus. The artifact
is seen as a turbulent flow immediately after the calculation, as determined by the color Doppler.

3.6. The “Swinging Kidney” Sign

The “swinging kidney” or Copetti’s sign is an ultrasound sign that has recently
been discovered [32]. This sonographic sign consists of a rhythmical pitching or rocking
synchronized with aortic pulsation of the kidney within a urinoma (even in minor amounts).
The genesis of urinoma is due to the pressure regimes inside the Gerota capsule even in
cases of low-grade hydronephrosis. Although there is only one preliminary study in the
literature, the data indicate a promising correlation between this sonographic sign and the
juxta vesical location and the size of kidney stones. The literature has reported that the
prevalence of urinoma with ureteral stones is 3.6%. It appears that urinoma formation is
more closely associated with distal and smaller stones. Patients with urinoma have higher
indices of inflammation and worsened renal function [33].

The Copetti’s sign could be useful to confirm the diagnosis of nephrolithiasis in the
case of low-grade hydronephrosis (or in the case of an empty bladder, which is not an
uncommon event in the ED). However, although promising, further studies are needed to
confirm the related pathophysiology of this new ultrasound sign and its clinical utility.

3.7. Identification of the Ureteral Jet

Normally, it is possible to visualize the ureteral jet of urine from the ureteral meats
inside the bladder using the color Doppler mode (Figure 4). Complete obstruction of
the homolateral ureter is indicated by the absence of one of the two ureteral jets after
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approximately 5 min of observation. Although this finding is not specific about the cause
of obstruction, it has a sensitivity range of 87% to 95% [34].

Add. Renale TIS0.2 MI1.2
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Figure 4. While the right ureteral jet is visible as a color Doppler stream, the left ureteral jet is
not viewable.

3.8. Ureteropelvic Junction Obstruction

Ultrasound is the leading imaging study used to diagnose ureteropelvic junction
obstruction. On ultrasound, an abnormal dilatation of the pelvic system of varying degrees
is observed, while the ureter is normal in caliber. Although this pathology has been
primarily seen in pediatric patients, it can also be observed in adult patients [35]. The
genesis is not fully understood, but it could have an intrinsic cause (such as smooth ureteral
muscle agenesis) or an external cause (such as external obstruction by a vessel) [36]. This
finding has the potential to enhance the collector system’s compliance in the event of higher
pressure inside the tubular cells. Without causing any damage to the kidneys, most cases
resolve spontaneously. To avoid unnecessary therapeutic interventions, it is crucial to
differentiate between true obstruction and urinary tract dilation. The normal appearance
of the renal parenchyma and the preserved size of the kidney, along with bilateral pelvic
dilation and a renal index within normal limits, may indicate a non-obstructive cause [35].

In some cases, a ureteropelvic junction obstruction syndrome may be concomitant
with some extra-renal diseases. There are reports in the literature associated with large
inguinal hernias causing ureteral compression [37] or associated with nutcracker syndrome
with extrinsic renal artery stenosis [38].

3.9. Acute Renal Infection

Acute kidney infections are mostly caused by pyelonephritis. Diagnosis is usually
clinical (e.g., flank pain associated with nausea/vomiting, fever, pyuria, and bacteriuria),
and no imaging technique is required. However, in the case of more complicated clinical
pictures, ultrasound may be helpful [39]. Uncomplicated pyelonephritis can result in the
kidney displaying a normal appearance. In the event of oedema or hemorrhage, areas
that are hypoechoic or hyperechoic can be detected. The cortex and the medulla may
lose their differentiation due to kidney enlargement [40]. Hypoechoic foci at the cortical-



Healthcare 2024, 12, 1356

7 of 17

medullary junction can form in the kidney from time to time. These foci can develop as the
infectious process progresses, indicating areas of bacterial nephritis. Large, well-defined
hypoechoic masses that can sometimes be mistaken for cysts are the appearance of kidney
abscesses [41].

Emphysematous pyelonephritis is a bacterial infection that is not common but could
have an impact on diabetics. Using ultrasound, high-amplitude echoes can be observed
in the renal parenchyma or sinus, and low-level echoes and reverberations can also
be detected.

3.10. Masses and Cysts

Although not related to acute medicine, the identification of masses and cysts necessi-
tates initial characterization to select patients for in-depth diagnostic techniques. Cortical
or parapelvic cysts are the most common types of renal cysts. Cortical cysts can either
be intraparenchymal or exophytic and are typically found at the renal poles (Figure 5).
They are anechogenic formations with regular margins, a thin wall, and acoustic reinforce-
ment at the rear. Cysts can be unique or multiple, often bilateral, and of varying sizes.
Until they reach remarkable dimensions and can compress contiguous structures, they
are usually asymptomatic. Sometimes, they may have homogeneous echoes inside them
(e.g., corpuscular content), single or multiple sepimentations, or parietal calcifications. The
Bosniak classification distinguishes them into four grades based on the degree of complex-
ity (e.g., sepimentation and solid content up to frank vegetations). The risk of malignant
degeneration is progressively greater with increasing degrees.

OSPEDALE CATTINARA

Generall /CA1-7A /FR24Hz /17.0cm

[2D]

Frq Res.l
GN 47
DR 55
FA 9

P 90

Figure 5. Two cysts of Bosniak 1 grade can be seen at the lower pole of the kidney. The Bosniak
classification increases as the degree of sepimentation increases (complex cyst).

The distinction between parapelvic cysts and hydronephrosis or lipomatosis of the
renal sinus makes them important. The appearance is defined by a pattern of anechogenic
formations that are arranged in rays near the cortical-medullary margin [42].

Ultrasound can be useful in confirming the diagnostic hypothesis of renal abscess,
which is based on clinical symptoms like fever, flank pain, and leukocytosis. Clear contours,
hypoechoic areas with extended anechogenic areas, and central colliquation are characteris-
tic features of the renal abscess. In the color Doppler mode, there is no central vascular flow,
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but there is intense peripheral vascularization [42]. In the context of anaerobic bacterial
infections, reverberant hyper-echogenic spots, which are referred to as gas bubbles, can
be detected.

Malignant renal neoplasms account for 95% of renal neoplasms and originate from the
parenchymal area. The most prevalent histotype is adenocarcinoma. Hematuria is often the
initial clinical sign. Renal neoplasms appear as coarsely rounded masses of varied sizes that
subvert the architecture of the parenchyma, extending from the cortical-medullary region
into the calico-pelvic region. Carcinomas may appear as hypo-, iso-, or hyper-echogenic
and exhibit intense vascularization in the color Doppler mode.

3.11. Acute Renal Venous Thrombosis

Patients may experience flank pain and tenderness, hypertension, and proteinuria
as a result of acute renal venous thrombosis. Patients with kidney transplants have a
high rate of venous thrombosis, but it should also be suspected in patients with nephrotic
syndrome, malignancy, infections, and trauma. Ab-extrinsic compression (such as tumors,
cysts, malformations, and aneurysms) is another reason to consider [43].

The endovascular thrombus can appear as a hyperechoic mass at times. A decrease
in localized or generalized kidney echogenicity can be observed. The echo color Doppler
scan results in the absence of parenchymal venous flow. A change in arterial flow can be
observed, which could be caused by either the inversion of diastolic flow or an increased
resistivity index above 0.75.

3.12. Renal Artery Stenosis

The presence of obstruction in either of the two renal arteries is typically accompanied
by symptoms, such as a vascular murmur heard in the periumbilical area. Hypertension
can appear in young individuals. In young individuals, renal artery stenosis may be linked
to vasculitis or fibromuscular dysplasia or, more frequently (about 90%), to atherosclerosis.
Early recognition of stenosis is crucial due to its progressive nature and potential for
renal insufficiency. A high degree of diagnostic suspicion is necessary in cases where
Sympathetic Crashing Acute Pulmonary Edema (SCAPE) is the initial manifestation [44].
In cases where a young adult has echocardiographic and electrocardiographic signs of
arterial hypertension, it is recommended to have a bilateral renal artery study [45].

Occlusion of the renal artery or one of its main branches is evidenced by the absence
of the main arterial color Doppler signal and/or a reduction in parenchymal arterial
flows [46,47]. However, an echo color Doppler study may be of limited use in the case of
obesity or overlying bowel gas, difficult/aberrant anatomy (e.g., horseshoe kidney, multiple
renal arteries, and tortuous vessel), cardiac/aortic pulsation, and critically ill patients with
difficulty following commands (e.g., extensive respiratory motion) [7].

3.13. Renal Resistivity Index

By using the color Doppler mode, the renal resistivity index (RRI), which is measured
in the arcuate/interlobular arterioles, can be calculated as (peak systolic velocity—end
diastolic velocity)/peak systolic velocity. The typical range is usually between 0.5 and 0.7.

The vascular and extravascular resistance of the renal parenchymal circle can be
identified using this semi-quantitative parameter (Figure 6). The RRI is affected by vascular
and parenchymal resistance downstream of the sphygmic wave sample in the afferent artery
even when renal artery stenosis is not present. The RRI is affected by both parenchymal
resistance and other intra-renal components, such as intra-renal compliance, which is
determined by changes in venous and/or tubular-interstitial pressure. Other factors that
contribute to extra-renal resistance (beyond renal artery stenosis) include changes in heart
rate and systemic arterial compliance [48].
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Figure 6. The renal resistance index, measured in the arcuate arteries (at the corticomedullary
junction) or interlobar arteries (adjacent to medullary pyramids), allows for evaluation of the degree
of resistance to intra-renal arterial flow.

RRI can be used to evaluate kidney disease diagnosis and prognosis, including urinary
obstruction, renal artery stenosis, diabetic nephropathy, and similar conditions. RRI has
been shown to be an effective predictor of AKI reversibility in previous research. Meta-
analyses found that a high RRI is associated with an increased risk of persistent AKI, with an
AUC range between 0.83 and 0.92 compared to serum creatinine or oliguria [17,49]. How-
ever, caution should be taken in using RRI for this purpose, given the extreme heterogeneity
of the population studied.

RRI has also been used as an indicator of the hemodynamic status of critically ill
patients. It has been used as an early marker of shock [50], either to guide fluid management
or to identify the optimal mean blood pressure during resuscitation [51]. However, even
in these cases, several factors influencing the RRI prevent the guidelines from making
recommendations.

3.14. Hemodinamyc Management Guided by Renal Ultrasound: The VExUS Protocol

Decreased arterial perfusion and congestion of the renal vein affect the kidneys’ ability
to compensate for the load of fluid. Renal congestion on the venous side is well documented
to cause poor prognosis, but removing it early can improve kidney function and outcome.
An overload or congestion condition can be determined using the color Doppler mode.
To assess fluid status and make decisions about fluid management, ultrasounds can be
performed on multiple organs, including the lungs, heart, inferior vena cava, internal
jugular vein, and hepatic vein [52]. The color Doppler of intra-renal veins has been used
to develop several indicators, including the venous impedance index, intra-renal venous
flow, or renal venous stasis index. An increase in right atrial pressure can be caused by
right heart failure or fluid overload. This increase in pressure affects the venous flow of
the upstream organs (inferior vena cava, hepatic veins, portal veins, and renal veins). The
hepatic vein usually displays a three-phase waveform because of the change in right atrial
pressure (RAP) during the cardiac cycle. This waveform consists of the baseline, an A wave
above the baseline (representing atrial systole), and two waveforms below the baseline
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(S and D) representing venous return during ventricular systole and diastole. In basal
conditions, renal venous flow is a continuous flow. However, when congestion worsens,
the flow becomes discontinuous (Figure 7). Waveform changes are divided into four flow
patterns: continuous, discontinuous pulsatile, discontinuous biphasic (with venous peaks
during systole and diastole), and discontinuous monophasic (with a venous peak during
diastole) [52]. In addition to RAP, age, atherosclerosis, and intra-abdominal pressure are
just a few of the factors that influence intracranial venous flow. It has recently been shown
that monophasic discontinuous flow is related to AKI and poor prognosis.

TIS1.9 MI0.7

LR

oo |
36mm/s

Figure 7. The diastolic phase is crucial in the ultrasound assessment of renal venous flow. When
congestion occurs, the two components S and D turn discontinuous and pulsatile. At the most extreme
levels of congestion, the two components are undistinguishable, like one single diastolic peak.

A system that categorizes venous excess (VExUS) was established by Beaubien-
Souligny et al. to assess venous congestion in cardiac surgery patients [53]. The VExUS
classification system incorporates multiple IVC and Doppler flow patterns, including the
hepatic vein, portal vein, and intra-renal vein. The severe VExUS grade is defined as dilated
inferior vena cava (>2 cm) and at least two severe abnormalities in the Doppler flow pat-
terns (the presence of a reversed systolic phase in hepatic vein Doppler, pulsatility fraction
>50% in portal vein Doppler, or a prevalent diastolic phase intra-renal venous Doppler).

3.15. Renal Trauma

Ultrasound is a foundational tool for detecting intraperitoneal fluid in hemodynami-
cally unstable patients following trauma, with protocols like FAST and EFAST being widely
implemented. While contrast-enhanced CT remains the gold standard for identifying le-
sions of the parenchyma, ultrasound is invaluable for ongoing monitoring, particularly for
managing lesions conservatively without surgery. Furthermore, it can serve as a diagnostic
method for assessing focal trauma in certain patient populations, such as children who are
hemodynamically stable, demonstrating a sensitivity of 79% and specificity of 97% [54].

In cases involving the kidneys, ultrasound can reveal hypoechoic regions that corre-
spond to localized parenchymal hemorrhage and oedema (Figure 8). It can also differentiate
between a urinoma—which must be distinguished from a hematoma in situations where
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the urinary tract has ruptured—and fractures within the parenchyma. Additionally, color
Doppler ultrasound is a useful adjunct for the detection of traumatic vascular injuries,
which may include renal vein thrombosis.

Add. Renale TIS0.2 MI1.3
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Figure 8. A hypoechoic area is visible in the presence of an extra-renal hematoma. The hematoma
(hypoechoic area) has an intra-renal component that can be seen close to the cortical edge.

3.16. Differential Diagnosis and Ruling out of Life-Threatening Diagnosis

Abdominal ultrasound serves as a crucial diagnostic tool in emergency medicine
and critical care for detecting potentially fatal conditions. Even though certain illnesses
may occur infrequently, they are nonetheless life-threatening. Clinicians employ bedside
ultrasound in conjunction with traditional clinical signs to uncover serious pathologies
like aortic dissection, bowel obstruction, abdominal aortic aneurysmal rupture risk, appen-
dicitis, and other pertinent disorders [55]. In a significant multicenter study, Gibbons et al.
evaluated the precision of integrated bedside ultrasound in diagnosing aortic dissection,
demonstrating a 93% sensitivity and a 91% accuracy rate [56].

Demonstrating its clinical utility, abdominal ultrasound can guide the management of
acute abdominal conditions, often expediting the decision for urgent surgical intervention.
Remarkably, approximately 25% of patients requiring emergency or urgent surgery can
receive a definitive diagnosis through bedside ultrasound alone, without the need for
additional diagnostic procedures [57].

Ultrasound facilitates the etiological diagnosis of various pathologies and acute pre-
sentations. For instance, an ultrasound assessment of the kidneys during episodes of
cardiac failure or hypertensive crises might unveil a pheochromocytoma as the under-
lying cause [58]. Such primary pheochromocytomas commonly originate in the adrenal
glands (approximately 90%), though renal and vesical occurrences are also frequently
observed [59].

3.17. Bladder Ultrasound in Emergency

Acute conditions like cystitis, urethritis, and prostatitis can lead to symptoms such
as dysuria and bladder tenesmus. Oedema-induced diffuse or localized thickening of
the bladder wall can be detected by ultrasound imaging. Chronic sub-vesical obstruction
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may result in morphological changes including the hypertrophy of the detrusor muscle,
trabeculation of the bladder lining, and the formation of pseudodiverticula [60].

Conditions affecting the kidneys, such as lithiasis, can similarly impact the bladder.
Stones may be identified in the bladder, urethra, and distal ureter, where they exhibit
as hyperechoic formations casting a post-acoustic shadow with a twinkling artifact and
mobility within the bladder upon patient repositioning [61].

Neoplastic growths within the bladder can manifest as vegetative protrusions or as
localized thickening of the bladder wall (Figure 9).

Figure 9. From left to right: Bladder tumors can take on a vegetative appearance, as in this case, or as
a focal wall thickening. Benign prostatic hypertrophy, a condition that occurs after 40 years of age,
can progress to degrees that can lead to the complete obstruction of urinary outflow in the urethra.

In men over the age of forty, benign prostatic hyperplasia is common and can lead to
significant urinary obstruction in severe cases (Figure 9). In septic patients, acute prostatitis
must be considered an infectious source, and ultrasound findings could include gland
asymmetry, irregular borders, hypoechoic areas within the gland, and dilation of the
peri-prostatic venous plexus [62].

3.18. Ultrasound-Guided Procedures for Genitourinary and Kidney System

Emergency and critical care healthcare professionals may perform genitourinary pro-
cedures where ultrasound guidance enhances procedural outcomes in both the ED and ICU.
Ultrasound-guided suprapubic cystostomy boasts a high success rate while maintaining a
low incidence of complications [63], proving especially effective in resource-constrained
settings due to the portability and accessibility of ultrasound devices [64]. The importance
of this is particularly evident in cases of acute urine retention and catheterization failure,
or in patients with previous surgery or radiation at increased risk of bowel injury due to
adhesions [63].

Percutaneous nephrostomy involves the catheterization of the renal pelvis and is
indicated for cases of acute urinary obstruction with significant hydronephrosis. This
approach is particularly pertinent if the patient exhibits symptoms or shows impending
signs of renal failure. It is also indicated for urinary tract infections such as pyelonephritis
with accompanying pyonephrosis. While nephrostomy tubes can be positioned under
CT scan, fluoroscopic, or ultrasound guidance, the success rates for fluoroscopic and
ultrasound guidance are comparable. However, the ultrasound-guided approach tends
to result in fewer complications [65]. Given its advantage of being ionizing radiation-
free, sonography is the preferred method for certain populations, including pediatric and
pregnant patients [66].

Procedural ultrasound is also capable of aiding urinary catheterization. It allows for
the inspection of the ultrasound anatomy of the bladder before the procedure, provides
an estimation of its residual urine volume, and can detect the progression of the urinary
catheter into the urethra [67]. By contrast, blind catheterization is associated with a higher
risk of (a) inappropriate catheterization, (b) unsuccessful catheterization, (c) traumatic
injuries, and (d) risk of infection [68]. A pre—post study performed in 2023 [69] found
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that ultrasound-guided catheterization significantly reduced the rate of inappropriate
catheterization (from 22.6% in the pre-group, to no inappropriate catheterization in the post-
group), causing a 2.2% absolute reduction in the rate of urinary tract infections (from 8.5% to
6.3%) and costs associated with the use of urinary catheters (by 74.2%). The study concluded
that bladder ultrasound in clinical practice is feasible and reduces the inappropriate use
of bladder catheters, being capable of reducing patient risks and inappropriate healthcare
costs [69]. Echo-guided urethral catheterization is particularly indicated in patients with
known or suspected urethral restrictions or in cases of difficult catheterization [70].

4. Discussion

This overview summarized the ultrasound evaluation of the renal and genitourinary
systems, providing a summary that can be utilized as a guide by emergency and critical
care healthcare providers for both diagnostic and procedural scopes. We described the role
of ultrasound in investigating several conditions such as AKI, renal colic, ureteral stones,
the ureteral jet, ureteropelvic junction obstructions, acute renal infections, the presence of
masses and cysts, acute renal thrombosis, renal artery stenosis, the renal resistivity index,
renal trauma, as well as the differential diagnosis of life-threatening conditions and the
ultrasound-guided hemodynamic management and procedures.

Ultrasound is rising and becoming acknowledged as a first-line imaging resource [71],
thus its role in managing acute nephropathy and genitourinary issues is increasingly crucial
given its immediate bedside availability, which is particularly beneficial in settings with
limited resources [72].

This imaging modality not only facilitates the initiation of therapeutic interventions
but also provides swift prognostic insights that are vital to tailoring patient care. In AKI
cases, ultrasound is instrumental for determining the cause of renal failure [73]. Moreover,
it provides rapid assessment of the patient’s hemodynamic status, informing and guiding
therapeutic decisions [74].

A wider use of ultrasound is advised [75] and it is recommended that medical and
healthcare professions define a set of minimum requirements for the equipment and
education [76]. The increase in usage of POC ultrasound techniques will be also aided by
the affordability, availability, portability, and durability of ultrasound machines [77]. In
parallel with the introduction of novel hardware and equipment technologies, the diffusing
implementation of Artificial Intelligence (Al) in ultrasound [71] may have the potential
to provide several advantages: from fostering healthcare professionals” confidence in
diagnosis [71] to automatic measurements and automatic visual pattern recognition.

5. Conclusions

Renal and genitourinary ultrasound has been proven to be effective in several emer-
gency and critical care scopes, assisting healthcare professionals at the bedside in diagnosis
and procedures. As further advances in ultrasound will arise, it is important for healthcare
providers to foster the use of these technologies capable of improving patient outcomes [78].

Author Contributions: Conceptualization: D.O. and D.P,; Data curation: D.O., D.P, C.C.D.G,,
IC., AB., FFE and N.E; Investigation: D.O., D.P. and FF,; Methodology: D.O. and EF.; Project
administration: D.O.; Software: D.O. and EF.; Supervision: T.B., C.C.D.G. and N.E; Validation:
D.P. and A.B.; Visualization: D.O., D.P,, C.C.D.G., A.B. and N.E,; Writing—original draft: D.O.;
Writing—review and editing: D.O. and EE. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.



Healthcare 2024, 12, 1356 14 of 17

References

1.

10.

11.
12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

Robba, C.; Wong, A.; Poole, D.; Al Tayar, A.; Arntfield, R.T.; Chew, M.S.; Corradi, F; Douflé, G.; Goffi, A.; Lamperti, M.; et al.
Basic ultrasound head-to-toe skills for intensivists in the general and neuro intensive care unit population: Consensus and
expert recommendations of the European Society of Intensive Care Medicine. Intensive Care Med. 2021, 47, 1347-1367. [CrossRef]
[PubMed]

Barr, L.; Hatch, N.; Roque, PJ.; Wu, T.S. Basic ultrasound-guided procedures. Crit. Care Clin. 2014, 30, 275-304. [CrossRef]
[PubMed]

Quaia, E.; Correas, ].M.; Mehta, M.; Murchison, ].T.; Gennari, A.G.; van Beek, E.J.R. Gray Scale Ultrasound, Color Doppler
Ultrasound, and Contrast-Enhanced Ultrasound in Renal Parenchymal Diseases. Ultrasound Q. 2018, 34, 250-267. [CrossRef]
[PubMed]

Watanabe, H. History of ultrasound in nephrourology. Ultrasound Med. Biol. 2001, 27, 447-453. [CrossRef] [PubMed]

Green, B.N.; Johnson, C.D.; Adams, A. Writing narrative literature reviews for peer-reviewed journals: Secrets of the trade. J.
Chiropr. Med. 2006, 5, 101-117. [CrossRef] [PubMed]

Baethge, C.; Goldbeck-Wood, S.; Mertens, S. SANRA—A scale for the quality assessment of narrative review articles. Res. Integr.
Peer Rev. 2019, 4, 5. [CrossRef] [PubMed]

Drelich-Zbroja, A.; Kuczyniska, M.; Swiattowski, £.; Szymanska, A.; Elwertowski, M.; Marianowska, A. Recommendations for
ultrasonographic assessment of renal arteries. J. Ultrason. 2018, 18, 338-343. [CrossRef]

American Institute of Ultrasound in Medicine. AIUM practice guideline for the performance of native renal artery duplex
sonography. J. Ultrasound Med. 2013, 32, 1331-1340. [CrossRef]

Rha, S.E.; Byun, ].Y,; Jung, S.E.; Oh, S.N.; Choi, Y.J.; Lee, A.; Lee, ].M. The renal sinus: Pathologic spectrum and multimodality
imaging approach. Radiographics 2004, 24 (Suppl. S1), S117-5131. [CrossRef]

Gulati, M.; Cheng, J.; Loo, ].T.; Skalski, M.; Malhi, H.; Duddalwar, V. Pictorial review: Renal ultrasound. Clin. Imaging 2018, 51,
133-154. [CrossRef]

Ronco, C.; Bellomo, R.; Kellum, J.A. Acute kidney injury. Lancet 2019, 394, 1949-1964. [CrossRef]

Nepal, S.; Dachsel, M.; Smallwood, N. Point-of-care ultrasound rapidly and reliably diagnoses renal tract obstruction in patients
admitted with acute kidney injury. Clin. Med. 2020, 20, 541-544. [CrossRef] [PubMed]

Beland, M.D.; Walle, N.L.; Machan, J.T.; Cronan, J.J. Renal cortical thickness measured at ultrasound: Is it better than renal length
as an indicator of renal function in chronic kidney disease? AJR Am. |. Roentgenol. 2010, 195, W146-W149. [CrossRef]

Korkmaz, M.; Aras, B.; Glineyli, S.; Yilmaz, M. Clinical significance of renal cortical thickness in patients with chronic kidney
disease. Ultrasonography 2018, 37, 50-54. [CrossRef] [PubMed]

Pruijm, M.; Milani, B.; Pivin, E.; Podhajska, A.; Vogt, B.; Stuber, M.; Burnier, M. Reduced cortical oxygenation predicts a
progressive decline of renal function in patients with chronic kidney disease. Kidney Int. 2018, 93, 932-940. [CrossRef] [PubMed]
Liu, C.; Wang, X. Clinical utility of ultrasonographic evaluation in acute kidney injury. Transl. Androl. Urol. 2020, 9, 1345-1355.
[CrossRef]

Wei, Q.; Zhu, Y.; Zhen, W.; Zhang, X.; Shi, Z.; Zhang, L.; Zhou, ]J. Performance of resistive index and semi-quantitative power
doppler ultrasound score in predicting acute kidney injury: A meta-analysis of prospective studies. PLoS ONE 2022, 17, e0270623.
[CrossRef] [PubMed]

Teichman, ].M. Clinical practice. Acute renal colic from ureteral calculus. N. Engl. ]. Med. 2004, 350, 684-693. [CrossRef] [PubMed]
Dahm, P,; Koziarz, A.; Gerardo, C.J.; Nishijima, D.K.; Jung, ].H.; Benipal, S.; Raja, A.S. A systematic review and meta-analysis
of clinical signs, symptoms, and imaging findings in patients with suspected renal colic. . Am. Coll. Emerg. Physicians Open
2022, 3, €12831. [CrossRef]

Wong, C.; Teitge, B.; Ross, M.; Young, P; Robertson, H.L.; Lang, E. The Accuracy and Prognostic Value of Point-of-care Ultrasound
for Nephrolithiasis in the Emergency Department: A Systematic Review and Meta-analysis. Acad. Emerg. Med. 2018, 25, 684—698.
[CrossRef]

Moore, C.L.; Carpenter, C.R.; Heilbrun, M.L.; Klauer, K.; Krambeck, A.C.; Moreno, C.; Remer, EM.; Scales, C.; Shaw, M.M.;
Sternberg, K.M. Imaging in Suspected Renal Colic: Systematic Review of the Literature and Multispecialty Consensus. J. Urol.
2019, 202, 475-483. [CrossRef]

Keskin, E.T.; Bozkurt, M.; Ozdemir, H,; Ugur, R.; Savun, M.; Ozdemir, M.; Topal, C.; Canat, H.L. The severity of renal colic pain:
Can it be predicted? Can. Urol. Assoc. ]. 2023, 17, e257-€262. [CrossRef]

Innes, G.D.; Scheuermeyer, EX.; McRae, A.D.; Teichman, ] M.H.; Lane, D.]. Hydronephrosis severity clarifies prognosis and
guides management for emergency department patients with acute ureteral colic. Cjern 2021, 23, 687-695. [CrossRef] [PubMed]
Jendeberg, J.; Geijer, H.; Alshamari, M.; Cierzniak, B.; Lidén, M. Size matters: The width and location of a ureteral stone accurately
predict the chance of spontaneous passage. Eur. Radiol. 2017, 27, 4775-4785. [CrossRef] [PubMed]

Sfoungaristos, S.; Kavouras, A.; Perimenis, P. Predictors for spontaneous stone passage in patients with renal colic secondary to
ureteral calculi. Int. Urol. Nephrol. 2012, 44, 71-79. [CrossRef] [PubMed]

Abou Heidar, N.; Labban, M.; Najdi, J.; Al Shami, A.; Nasrallah, O.; Nasr, R. Spontaneous ureteral stone passage: A novel and
comprehensive nomogram. Minerva Urol. Nephrol. 2022, 74, 102-109. [CrossRef] [PubMed]


https://doi.org/10.1007/s00134-021-06486-z
https://www.ncbi.nlm.nih.gov/pubmed/34787687
https://doi.org/10.1016/j.ccc.2013.10.004
https://www.ncbi.nlm.nih.gov/pubmed/24606777
https://doi.org/10.1097/RUQ.0000000000000383
https://www.ncbi.nlm.nih.gov/pubmed/30169495
https://doi.org/10.1016/S0301-5629(00)00352-5
https://www.ncbi.nlm.nih.gov/pubmed/11368856
https://doi.org/10.1016/S0899-3467(07)60142-6
https://www.ncbi.nlm.nih.gov/pubmed/19674681
https://doi.org/10.1186/s41073-019-0064-8
https://www.ncbi.nlm.nih.gov/pubmed/30962953
https://doi.org/10.15557/JoU.2018.0049
https://doi.org/10.7863/ultra.32.7.1331
https://doi.org/10.1148/rg.24si045503
https://doi.org/10.1016/j.clinimag.2018.02.012
https://doi.org/10.1016/S0140-6736(19)32563-2
https://doi.org/10.7861/clinmed.2019-0417
https://www.ncbi.nlm.nih.gov/pubmed/33199317
https://doi.org/10.2214/AJR.09.4104
https://doi.org/10.14366/usg.17012
https://www.ncbi.nlm.nih.gov/pubmed/28618770
https://doi.org/10.1016/j.kint.2017.10.020
https://www.ncbi.nlm.nih.gov/pubmed/29325997
https://doi.org/10.21037/tau-20-831
https://doi.org/10.1371/journal.pone.0270623
https://www.ncbi.nlm.nih.gov/pubmed/35763514
https://doi.org/10.1056/NEJMcp030813
https://www.ncbi.nlm.nih.gov/pubmed/14960744
https://doi.org/10.1002/emp2.12831
https://doi.org/10.1111/acem.13388
https://doi.org/10.1097/JU.0000000000000342
https://doi.org/10.5489/cuaj.8283
https://doi.org/10.1007/s43678-021-00168-x
https://www.ncbi.nlm.nih.gov/pubmed/34304393
https://doi.org/10.1007/s00330-017-4852-6
https://www.ncbi.nlm.nih.gov/pubmed/28593428
https://doi.org/10.1007/s11255-011-9971-4
https://www.ncbi.nlm.nih.gov/pubmed/21544652
https://doi.org/10.23736/S2724-6051.20.04125-9
https://www.ncbi.nlm.nih.gov/pubmed/33439574

Healthcare 2024, 12, 1356 15 0f 17

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

50.

51.

Abushamma, F; Ktaifan, M.; Abdallah, A.; Alkarajeh, M.; Maree, M.; Awadghanem, A; Jaradat, A.; Aghbar, A.; Zyoud, S.H.;
Keeley, EX., Jr. Clinical and Radiological Predictors of Early Intervention in Acute Ureteral Colic. Int. |. Gen. Med. 2021, 14,
4051-4059. [CrossRef]

Ahmed, E; Askarpour, M.R.; Eslahi, A.; Nikbakht, H.A ; Jafari, S.H.; Hassanpour, A.; Makarem, A.; Salama, H.; Ayoub, A. The
role of ultrasonography in detecting urinary tract calculi compared to CT scan. Res. Rep. Urol. 2018, 10, 199-203. [CrossRef]
Shabana, W.; Bude, R.O.; Rubin, ].M. Comparison between color Doppler twinkling artifact and acoustic shadowing for renal
calculus detection: An in vitro study. Ultrasound Med. Biol. 2009, 35, 339-350. [CrossRef]

Laher, A.E.; McDowall, J.; Gerber, L.; Aigbodion, S.J.; Enyuma, C.O.A.; Buchanan, S.; Adam, A. The ultrasound ‘twinkling artefact’
in the diagnosis of urolithiasis: Hocus or valuable point-of-care-ultrasound? A systematic review and meta-analysis. Eur. J.
Emerg. Med. 2020, 27, 13-20. [CrossRef]

Nabheerong, P.; Kengkla, K.; Saokaew, S.; Naravejsakul, K. Diagnostic accuracy of Doppler twinkling artifact for identifying
urolithiasis: A systematic review and meta-analysis. J. Ultrasound 2023, 26, 321-331. [CrossRef]

Castelletto, S.; Amore, G.; Giudice, C.A.; Orso, D.; Copetti, R. A Preliminary Investigation on the “Swinging Kidney”: A
Sonographic Sign Useful for Diagnosing Renal Colic. J. Diagn. Med. Sonogr. 2022, 38, 331-337. [CrossRef]

Ogreden, E.; Oguz, U.; Karadayi, M.; Demirelli, E.; Tosun, A.; Giinaydin, M. Factors associated with urinoma accompanied by
ureteral calculi. Arch. Ital. Urol. Androl. 2019, 91, 11-15. [CrossRef]

Bambrick, C.; Khader, D.; Mead, T. Ureteral Obstruction and Ureteral Jet Identification—A Case Report. J. Educ. Teach. Emerg.
Med. 2021, 6, v12—v14. [CrossRef] [PubMed]

Ucar, A K,; Kurugoglu, S. Urinary Ultrasound and Other Imaging for Ureteropelvic Junction Type Hydronephrosis (UPJHN).
Front. Pediatr. 2020, 8, 546. [CrossRef] [PubMed]

Ellerkamp, V.; Kurth, R.R.; Schmid, E.; Zundel, S.; Warmann, S.W.; Fuchs, ]J. Differences between intrinsic and extrinsic
ureteropelvic junction obstruction related to crossing vessels: Histology and functional analyses. World ]. Urol. 2016, 34, 577-583.
[CrossRef]

Wendler, ].].; Baumunk, D.; Liehr, U.B.; Schostak, M. Kidney dislocation in a monstrous inguinal intestinal hernia with uretero-
pelvic junction obstruction and acute on chronic renal failure. Urol. Int. 2013, 91, 370-372. [CrossRef] [PubMed]

Wenwei, C.; Xiangzhi, Y.; Huazhi, X.; Yirong, Y.; Chengdi, L. Left nutcracker syndrome and right ureteropelvic junction obstruction.
Asian |. Surg. 2014, 37, 167-169. [CrossRef]

Smith, A.D.; Nikolaidis, P.; Khatri, G.; Chong, S.T.; De Leon, A.D.; Ganeshan, D.; Gore, J.L.; Gupta, R.T.; Kwun, R,;
Lyshchik, A.; et al. ACR Appropriateness Criteria® Acute Pyelonephritis: 2022 Update. . Am. Coll. Radiol. 2022, 19, S224-5239.
[CrossRef]

Hosokawa, T.; Tanami, Y.; Sato, Y.; Oguma, E. Comparison of imaging findings between acute focal bacterial nephritis (acute
lobar nephronia) and acute pyelonephritis: A preliminary evaluation of the sufficiency of ultrasound for the diagnosis of acute
focal bacterial nephritis. Emerg. Radiol. 2020, 27, 405-412. [CrossRef]

Enikeev, D.V.; Glybochko, P; Alyaev, Y.; Enikeev, M.; Rapoport, L. Imaging technologies in the diagnosis and treatment of acute
pyelonephritis. Urologia 2017, 84, 179-184. [CrossRef] [PubMed]

Nicolau, C.; Antunes, N.; Pafio, B.; Sebastia, C. Imaging Characterization of Renal Masses. Medicina 2021, 57, 51. [CrossRef]
[PubMed]

Asghar, M.; Ahmed, K.; Shah, S.S.; Siddique, M.K.; Dasgupta, P.; Khan, M.S. Renal vein thrombosis. Eur. J. Vasc. Endovasc. Surg.
2007, 34, 217-223. [CrossRef] [PubMed]

Zeller, T.; Macharzina, R.; Rastan, A.; Beschorner, U.; Noory, E. Renal artery stenosis: Up-date on diagnosis and treatment. Vasa
2014, 43, 27-38. [CrossRef] [PubMed]

Hinton, T.C.; Adams, Z.H.; Baker, R.P; Hope, K.A,; Paton, J.ER.; Hart, E.C.; Nightingale, A.K. Investigation and Treatment
of High Blood Pressure in Young People: Too Much Medicine or Appropriate Risk Reduction? Hypertension 2020, 75, 16-22.
[CrossRef]

Chen, P,; Maklad, N.; Redwine, M. Color and power Doppler imaging of the kidneys. World J. Urol. 1998, 16, 41-45. [CrossRef]
Park, B.K. Gray-Scale, Color Doppler, Spectral Doppler, and Contrast-Enhanced Renal Artery Ultrasound: Imaging Techniques
and Features. J. Clin. Med. 2022, 11, 3961. [CrossRef]

Di Nicolo, P; Granata, A. Renal Resistive Index: Not only kidney. Clin. Exp. Nephrol. 2017, 21, 359-366. [CrossRef]

Ninet, S.; Schnell, D.; Dewitte, A.; Zeni, F.; Meziani, F.,; Darmon, M. Doppler-based renal resistive index for prediction of renal
dysfunction reversibility: A systematic review and meta-analysis. J. Crit. Care 2015, 30, 629-635. [CrossRef]

Rozemeijer, S.; Haitsma Mulier, ].L.G.; Rottgering, J.G.; Elbers, PW.G.; Spoelstra-de Man, A.M.E.; Tuinman, PR.; de Waard, M.C,;
Oudemans-van Straaten, H.M. Renal Resistive Index: Response to Shock and its Determinants in Critically Ill Patients. Shock
2019, 52, 43-51. [CrossRef]

Deruddre, S.; Cheisson, G.; Mazoit, J.X.; Vicaut, E.; Benhamou, D.; Duranteau, J. Renal arterial resistance in septic shock: Effects
of increasing mean arterial pressure with norepinephrine on the renal resistive index assessed with Doppler ultrasonography.
Intensive Care Med. 2007, 33, 1557-1562. [CrossRef]


https://doi.org/10.2147/IJGM.S322170
https://doi.org/10.2147/RRU.S178902
https://doi.org/10.1016/j.ultrasmedbio.2008.09.023
https://doi.org/10.1097/MEJ.0000000000000601
https://doi.org/10.1007/s40477-022-00759-z
https://doi.org/10.1177/87564793211073693
https://doi.org/10.4081/aiua.2019.1.11
https://doi.org/10.5070/M56455098
https://www.ncbi.nlm.nih.gov/pubmed/37465268
https://doi.org/10.3389/fped.2020.00546
https://www.ncbi.nlm.nih.gov/pubmed/33042907
https://doi.org/10.1007/s00345-015-1645-x
https://doi.org/10.1159/000347042
https://www.ncbi.nlm.nih.gov/pubmed/23485884
https://doi.org/10.1016/j.asjsur.2013.09.010
https://doi.org/10.1016/j.jacr.2022.09.017
https://doi.org/10.1007/s10140-020-01771-8
https://doi.org/10.5301/uj.5000234
https://www.ncbi.nlm.nih.gov/pubmed/28525662
https://doi.org/10.3390/medicina57010051
https://www.ncbi.nlm.nih.gov/pubmed/33435540
https://doi.org/10.1016/j.ejvs.2007.02.017
https://www.ncbi.nlm.nih.gov/pubmed/17543556
https://doi.org/10.1024/0301-1526/a000325
https://www.ncbi.nlm.nih.gov/pubmed/24429328
https://doi.org/10.1161/HYPERTENSIONAHA.119.13820
https://doi.org/10.1007/s003450050024
https://doi.org/10.3390/jcm11143961
https://doi.org/10.1007/s10157-016-1323-3
https://doi.org/10.1016/j.jcrc.2015.02.008
https://doi.org/10.1097/SHK.0000000000001246
https://doi.org/10.1007/s00134-007-0665-4

Healthcare 2024, 12, 1356 16 of 17

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.
68.

69.

70.

71.
72.

73.

74.

75.

76.

Rola, P; Miralles-Aguiar, F.; Argaiz, E.; Beaubien-Souligny, W.; Haycock, K.; Karimov, T.; Dinh, V.A.; Spiegel, R. Clinical
applications of the venous excess ultrasound (VExUS) score: Conceptual review and case series. Ultrasound J. 2021, 13, 32.
[CrossRef] [PubMed]

Beaubien-Souligny, W.; Rola, P.; Haycock, K.; Bouchard, J.; Lamarche, Y.; Spiegel, R.; Denault, A.Y. Quantifying systemic conges-
tion with Point-of-Care ultrasound: Development of the venous excess ultrasound grading system. Ultrasound . 2020, 12, 16.
[CrossRef]

Edwards, A.; Hammer, M.; Artunduaga, M.; Peters, C.; Jacobs, M.; Schlomer, B. Renal ultrasound to evaluate for blunt renal
trauma in children: A retrospective comparison to contrast enhanced CT imaging. ]. Pediatr. Urol. 2020, 16, e551-e557. [CrossRef]
[PubMed]

Galosi, A.B.; Grilli Cicilioni, C.; Sbrollini, G.; Angelini, A.; Maselli, G.; Carbonari, L. Inflammatory abdominal aortic aneurysm
presenting as bilateral hydroureteronephrosis: A case report and review of literature. Arch. Ital. Urol. Androl. 2014, 86, 385-386.
[CrossRef] [PubMed]

Gibbons, R.C.; Smith, D.; Feig, R.; Mulflur, M.; Costantino, T.G. The sonographic protocol for the emergent evaluation of aortic
dissections (SPEED protocol): A multicenter, prospective, observational study. Acad. Emerg. Med. 2024, 31, 112-118. [CrossRef]
Lerch, M.M.; Riehl, J.; Buechsel, R.; Kierdorf, H.; Winkeltau, G.; Matern, S. Bedside ultrasound in decision making for emergency
surgery: Its role in medical intensive care patients. Am. J. Emerg. Med. 1992, 10, 35-38. [CrossRef]

Artusi, N.; Bussani, R.; Cominotto, F. Pheochromocytoma-Induced Tako-Tsubo Syndrome: An Uncommon Presentation. . Emerg.
Med. 2022, 63, el—e6. [CrossRef]

Disick, G.I; Palese, M.A. Extra-adrenal pheochromocytoma: Diagnosis and management. Curr. Urol. Rep. 2007, 8, 83-88.
[CrossRef]

Milogevi¢, D.; Trkulja, V.; Turudi¢, D.; Batini¢, D.; Spaji¢, B.; Tesovi¢, G. Ultrasound bladder wall thickness measurement in
diagnosis of recurrent urinary tract infections and cystitis cystica in prepubertal girls. J. Pediatr. Urol. 2013, 9, 1170-1177.
[CrossRef]

Tzou, D.T.; Usawachintachit, M.; Taguchi, K.; Chi, T. Ultrasound Use in Urinary Stones: Adapting Old Technology for a
Modern-Day Disease. J. Endourol. 2017, 31, S89-594. [CrossRef] [PubMed]

Doble, A ; Carter, S.S. Ultrasonographic findings in prostatitis. Urol. Clin. N. Am. 1989, 16, 763-772. [CrossRef] [PubMed]
Aguilera, P.A.; Choi, T.; Durham, B.A. Ultrasound-guided suprapubic cystostomy catheter placement in the emergency depart-
ment. . Emerg. Med. 2004, 26, 319-321. [CrossRef] [PubMed]

Muhammad, A.S.; Agwu, N.P.; Abdulwahab-Ahmed, A.; Abdullahi, K.; Mungadi, I.A. Safety and efficacy of ultrasound-guided
percutaneous suprapubic cystostomy in resource-poor setting: A 7-year review. Urol. Ann. 2018, 10, 24-28. [CrossRef] [PubMed]
Yang, Y.H.; Wen, Y.C.; Chen, K.C.; Chen, C. Ultrasound-guided versus fluoroscopy-guided percutaneous nephrolithotomy: A
systematic review and meta-analysis. World |. Urol. 2019, 37, 777-788. [CrossRef] [PubMed]

Arabzadeh Bahri, R.; Maleki, S.; Shafiee, A.; Shobeiri, P. Ultrasound versus fluoroscopy as imaging guidance for percutaneous
nephrolithotomy: A systematic review and meta-analysis. PLoS ONE 2023, 18, e0276708. [CrossRef] [PubMed]

Romei, L.; Sabatini, A.; Biagioni, C. Nursing ultrasound examination in catheterization. Emerg. Care J. 2007, 3, 30. [CrossRef]
Ricci, D.; Benetton, M. L'utilizzo dell’ecografia nell’assistenza infermieristica: Una revisione bibliografica. Scenario 2018, 31, 27-34.
[CrossRef]

Di Matteo, R.; Caccamo, I.; Arcidiacono, S.; Bertin, G.; Chiamosa, E.; Valenti, F; Mugone, S.; De Piaggia, A.; Daniele, A.; Clara, M,;
et al. Valutazione dell’impatto dell’ecografia vescicale sulle infezioni del tratto urinario associate al catetere e sui costi sanitari:
Uno studio osservazionale pre-post. Assist. Inferm. E Ric. 2023, 42, 131-136. [CrossRef]

Campos-Juanatey, F.; Osman, N.I.; Greenwell, T.; Martins, EE.; Riechardt, S.; Waterloos, M.; Barratt, R.; Chan, G.; Esperto, F;
Ploumidis, A.; et al. European Association of Urology Guidelines on Urethral Stricture Disease (Part 2): Diagnosis, Perioperative
Management, and Follow-up in Males. Eur. Urol. 2021, 80, 201-212. [CrossRef]

Shen, Y.T.; Chen, L.; Yue, WW.,; Xu, H.X. Artificial intelligence in ultrasound. Eur. ]. Radiol. 2021, 139, 109717. [CrossRef] [PubMed]
Smith-Bindman, R.; Aubin, C.; Bailitz, J.; Bengiamin, R.N.; Camargo, C.A,, Jr.; Corbo, J.; Dean, A.].; Goldstein, R.B.; Griffey,
R.T.; Jay, G.D.; et al. Ultrasonography versus computed tomography for suspected nephrolithiasis. N. Engl. ]. Med. 2014, 371,
1100-1110. [CrossRef] [PubMed]

Kelahan, L.C.; Desser, T.S.; Troxell, M.L.; Kamaya, A. Ultrasound Assessment of Acute Kidney Injury. Ultrasound Q. 2019, 35,
173-180. [CrossRef] [PubMed]

Liu, L.; Liu, D.; Hu, Z.; Wang, X.; Chao, Y.; Wu, J.; Yin, W,; Zhang, H.; Zhang, L.; He, W,; et al. Renal hemodynamic evaluation
protocol based on the pathophysiological mechanism of acute kidney injury: Critical Care UltraSound Guided-A((KI))BCDE. Ren.
Fail. 2023, 45, 2284842. [CrossRef] [PubMed]

Parulekar, P; Harris, T.; Jarman, R. The Use of Lung Ultrasound in Acute Medicine. Acute Med. 2019, 18, 239-246. [CrossRef]
[PubMed]

Nielsen, M.B.; Segaard, S.B.; Bech Andersen, S.; Skjoldbye, B.; Hansen, K.L.; Rafaelsen, S.; Nergaard, N.; Carlsen, J.F. Highlights
of the development in ultrasound during the last 70 years: A historical review. Acta Radiol. 2021, 62, 1499-1514. [CrossRef]


https://doi.org/10.1186/s13089-021-00232-8
https://www.ncbi.nlm.nih.gov/pubmed/34146184
https://doi.org/10.1186/s13089-020-00163-w
https://doi.org/10.1016/j.jpurol.2020.04.020
https://www.ncbi.nlm.nih.gov/pubmed/32446678
https://doi.org/10.4081/aiua.2014.4.385
https://www.ncbi.nlm.nih.gov/pubmed/25641477
https://doi.org/10.1111/acem.14839
https://doi.org/10.1016/0735-6757(92)90122-E
https://doi.org/10.1016/j.jemermed.2022.04.025
https://doi.org/10.1007/s11934-007-0025-5
https://doi.org/10.1016/j.jpurol.2013.04.019
https://doi.org/10.1089/end.2016.0584
https://www.ncbi.nlm.nih.gov/pubmed/27733052
https://doi.org/10.1016/S0094-0143(21)01810-3
https://www.ncbi.nlm.nih.gov/pubmed/2683305
https://doi.org/10.1016/j.jemermed.2003.11.016
https://www.ncbi.nlm.nih.gov/pubmed/15028331
https://doi.org/10.4103/UA.UA_104_17
https://www.ncbi.nlm.nih.gov/pubmed/29416271
https://doi.org/10.1007/s00345-018-2443-z
https://www.ncbi.nlm.nih.gov/pubmed/30244337
https://doi.org/10.1371/journal.pone.0276708
https://www.ncbi.nlm.nih.gov/pubmed/36862676
https://doi.org/10.4081/ecj.2007.6.30
https://doi.org/10.4081/scenario.2014.92
https://doi.org/10.1702/4095.40917
https://doi.org/10.1016/j.eururo.2021.05.032
https://doi.org/10.1016/j.ejrad.2021.109717
https://www.ncbi.nlm.nih.gov/pubmed/33962110
https://doi.org/10.1056/NEJMoa1404446
https://www.ncbi.nlm.nih.gov/pubmed/25229916
https://doi.org/10.1097/RUQ.0000000000000389
https://www.ncbi.nlm.nih.gov/pubmed/30300324
https://doi.org/10.1080/0886022X.2023.2284842
https://www.ncbi.nlm.nih.gov/pubmed/37994455
https://doi.org/10.52964/AMJA.0783
https://www.ncbi.nlm.nih.gov/pubmed/31912055
https://doi.org/10.1177/02841851211050859

Healthcare 2024, 12, 1356 17 of 17

77. Sippel, S.; Muruganandan, K.; Levine, A.; Shah, S. Review article: Use of ultrasound in the developing world. Int. |. Emerg. Med.
2011, 4, 72. [CrossRef]

78. D’Andrea, A.; Del Giudice, C.; Fabiani, D.; Caputo, A.; Sabatella, F.; Cante, L.; Palermi, S.; Desiderio, A.; Tagliamonte, E.; Liccardo,
B.; et al. The Incremental Role of Multiorgan Point-of-Care Ultrasounds in the Emergency Setting. Int. ]. Environ. Res. Public
Health 2023, 20, 2088. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/1865-1380-4-72
https://doi.org/10.3390/ijerph20032088

	Introduction 
	Materials and Methods 
	Results 
	Normal Sonographic Anatomy 
	Acute Kidney Injury 
	Renal Colic 
	Ureteral Stone 
	The “Twinkling” Artifact 
	The “Swinging Kidney” Sign 
	Identification of the Ureteral Jet 
	Ureteropelvic Junction Obstruction 
	Acute Renal Infection 
	Masses and Cysts 
	Acute Renal Venous Thrombosis 
	Renal Artery Stenosis 
	Renal Resistivity Index 
	Hemodinamyc Management Guided by Renal Ultrasound: The VExUS Protocol 
	Renal Trauma 
	Differential Diagnosis and Ruling out of Life-Threatening Diagnosis 
	Bladder Ultrasound in Emergency 
	Ultrasound-Guided Procedures for Genitourinary and Kidney System 

	Discussion 
	Conclusions 
	References

