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ABSTRACT

Point-of-Care Ultrasonography (PoCUS) aims to include a fifth pillar (insonation) in the classical physical examination in
order to obtain images to answer specific questions by the clinician at the patient’s bedside, allowing rapid identification
of structural or functional abnormalities, enabling more accurate volume assessment and supporting diagnosis, as well
as guiding procedures. In recent years, PoCUS has started becoming a valuable tool in day-to-day clinical practice,
adopted by healthcare professionals from various medical specialties, never replacing physical examination but
improving patient and medical care and experience. Renal patients represent a wide range of diseases, which lends
PoCUS a special role as a valuable tool in different scenarios, not only for volume-related information but also for the
assessment of a wide range of acute and chronic conditions, enhancing the sensitivity of conventional physical
examination in nephrology. PoCUS in the hands of a nephrologist is a precision medicine tool.

LAY SUMMARY

Point-of-care ultrasonography (PoCUS) is defined as the correct acquisition and interpretation of ultrasound images
at the patient’s bedside in order to improve the sensitivity of the physical examination, personalize treatments or
decide on future examinations. In nephrology this strategy was mainly framed in the study of arteriovenous fistula
for haemodialysis. However, other types of applications are emerging, such as the assessment of congestion by
means of pulmonary and vascular ultrasound, as well as integrating these findings with echocardioscopy. The use of
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PoCUS also allows the identification of one of the most common mechanisms of renal damage in the congested
patient, congestive nephropathy. Using this dynamic and reproducible strategy allows improvement of the diagnostic
capacity of the nephrologist at the bedside and the ability to guide treatments such as diuretics.

Keywords: focused cardiac ultrasound, lung ultrasound, nephrology, PoCUS, venous congestion assessment

BACKGROUND

Point-of-care Ultrasonography (PoCUS) has emerged as a novel
approach that focuses on enhancing physical examination at
the patient’s bedside (point of care). This tool can be used by any
clinician to answer focused questions related to the diagnosis,
guiding treatment or bedside procedures [1]. PoCUS is not in-
tended to replace physical examination (PE) but aims to enhance
it. The integration of PE and insonation will allow for proper
guidance and interpretation of ultrasound (US) images. PoCUS
helps with diagnosis, allowing quick identification of structural
or functional abnormalities, providing a more accurate vol-
ume assessment, including tissue and vascular congestion [2].
Patients with kidney disease present a wide range of comorbidi-
ties, which lends PoCUS a special role. It requires training and
practice, but any physician can incorporate it into their daily
practice [3]. PoCUS should be limited in its scope of use for spe-
cific clinical questions and the tool should enhance the safety
of a procedure, i.e. does my patient have a urinary obstruction;
is shortness of breath due to pulmonary congestion; what is the
best dialysis vascular access for my patient with chronic heart
failure (HF) and chronic kidney disease (CKD); and can I calcu-
late an arteriovenous fistula (AVF) flux, guide the AVF punction

or perform a renal biopsy based in PoCUS? Furthermore, how
can I assess the right ventricle function, and can I exclude a
significant pulmonary hypertension or pericardial effusion [4]?

Despite the obvious advantages of using PoCUS by the clini-
cian, multiple concerns discourage its use, especially related to
overlap with other specialties (Table 1).

In this review,wewill present PoCUS as an easy, fast, dynamic
and reliable tool for nephrologists to incorporate into their daily
renal practice.

CONGESTION, A COMMON QUESTION IN
NEPHROLOGY

Renal homeostasis requires an optimal electrolyte balance
and an adequate regulation of body volume (interstitial and
vascular). The relevance of volume control and specially
congestion has been highlighted in different clinical scenarios
of acute and chronic renal dysfunction, cardiorenal syndrome
(CRS) type 1 and acute kidney injury (AKI) among others. Con-
gestion is a common condition in nephrology and is related
to organ damage (Fig. 1). An example of systemic impairment
of congestion is congestive nephropathy (CN) [5]. This new

Table 1: Myths and fact about PoCUS.

Myth Fact

PoCUS replaces the scheduled examination
by cardiologists and radiologists

No, it does not

PoCUS requires direct interaction between the clinician and the patient to answer
specific questions and improves the sensitivity of the physical examination in order to
address that question. The examinations performed by cardiology or radiology are
complementary [1, 4]

PoCUS replaces clinical view No, it does not
PoCUS enhances clinical vision by improving the sensitivity of the physical
examination. In some cases, it may reduce further diagnostic explorations [83]

PoCUS improves clinical outcomes (mortality,
re-admissions)

It depends

The main objective of PoCUS is to enhance physical examination. In addition, there are
many factors that make it difficult to include PoCUS as an independent variable [4]

PoCUS requires US scanners with multiple
probes and sophisticated equipment

No, it does not

Bedside scanning requires easily portable equipment. Low-cost handheld US systems
are now available that can be connected to mobile phones or tablets. In addition,
images can be shared remotely for academic or clinical purposes [1, 4]

PoCUS is used for diagnostic purposes only No, this is not the case
PoCUS has diagnostic and interventional uses. Specifically in nephrology PoCUS is used
to guide AVF cannulation, venous catheter placement and renal biopsies [72–75]

Can PoCUS be done without training? No, it should not
Although US scanning is relatively easy, training programmes are required to include
PoCUS during undergraduate and specialist training, in addition to defining the
competencies needed to develop an academic programme in PoCUS [77–79]

Should I perform PoCUS if my patient has
oedema?

Yes, you should

Although oedema may be associated with tissue congestion, its sensitivity for
diagnosing HF is poor and does not differentiate vascular congestion. Fundamental to
individualize treatment [3, 7]
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Figure 1: Systemic consequences of congestion. Abbreviations: GFR: Glomerular filtration rate. Adapted from [6].

entity has emerged as the main mechanism of kidney injury
in patients with HF but probably extends to other acute and
chronic settings.

Understanding the relevance of congestion in these clin-
ical scenarios requires a conceptual evolution that has rev-
olutionized the current understanding of acute and chronic
nephrology [6].

CONGESTION IS MORE THAN JUST OEDEMA

Beyond the acute setting, congestion in chronic HF starts in
the intravascular compartment, leading to increased hydro-
static pressure that progressively leads to increased interstitial
oedema and tissue congestion. However, presentation can be
mixed (tissue and vascular congestion) [7].

In vascular congestion, pulmonary and cardiac filling
pressures increase associated with the activation of the renin-
angiotensin-aldosterone system (RAAS), the natriuretic peptide
axis and the peripheral nervous system, leading to vasocon-
striction and blood flow from the abdominal to the systemic
circulation [8]. Increase in filling pressures in tissue congestion
is progressive, leading to a rise in pulmonary, abdominal and
peripheral fluid overload [9]. Global congestion can harm other
organs such as the heart where it is associated with diastolic
dysfunction and conduction disturbances [6], the brain where
cognitive impairment and deliriumhave been described [10], the
liver where hepatic congestion may impair synthesis, and/or
bowel function where congestion has been associated with
malabsorption disorders [6]. Congestion is common in the acute
HF setting. The ESC-EURObservational Research Programme
(EORP)-Heart Failure Association (HFA) Heart Failure Long-Term
(HF-LT) registry showed that more than 80% of patients had
a wet phenotype on admission and only 19.8% of congestive

patients had hypoperfusion [11]. In patients with congestion,
impaired renal function was associated with increased right
atrial (RAP) and central venous pressures (CVP) which correlated
well with elevated serum creatinine [12–17], even better than
cardiac output [17, 18]. Concerning CN, the effect of increased
CVP transmitted through the low resistance renal vessels drives
to renal disfunction in encapsulated organs such as the kidneys
(renal tamponade) [5, 19]. The increasing renal afterload and
intrarenal pressure leads to a decrease in renal perfusion and
intratubular flow, an increase in sodium and water retention
mediated by activation of the RAAS, leading to tubular damage
mediated by inflammatory mechanisms and decrease in the
glomerular filtration rate [5]. As discussed below, CN defined
as the presence of discontinuous intrarenal venous flow (IRVF)
assessed by pulsed Doppler (PD) has been observed in patients
with nonischaemic HF. These patients displayed a biphasic flow
(26%) and a monophasic flow (23%), which was associated with
elevated RAP and a worse prognosis (<40% survival at 1 year)
[20]. Another interesting scenario is cardiac surgery, where a
discontinuous IRVF was targeted in 34% of patients and the
presence of a monophasic pattern was associated with an
increased risk of developing AKI [21].

TUBULOCENTRIC VIEW OF CONGESTION

AKI is a syndrome that comes as a consequence of multi-
ple mechanisms which usually start with a tubular injury [22].
As mentioned, CN is associated with an intense inflammatory
response and activation of neurohormonal mechanisms which
are connected to alterations in tubular morphology and paired
with congestion [5]. Pseudo-worse renal function and permis-
sive AKI are two novel concepts that allow understanding that
creatinine elevations during diuretic therapy are not associated
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Figure 2: PoCUS strategies to assess congestion: LUS (Lung Ultrasound),

VExUS (venous excess ultrasound grading system) and FoCUS (Focused Cardiac
Ultrasound).

with structural damage and could be related only to functional
disturbances [23–25].Widening research into new biomarkers of
tubular injury in addition to congestion assessment is essential
to establish precise strategies for the prevention and progression
of CN.

PHENOTYPING CONGESTION

Physical examination is not sensitive and specific enough to
differentiate between tissue and vascular congestion [7]. The
multi-parametric view of congestion aims to be a holistic view
that goes beyond physical examination and includes the use
of US (Fig. 2) and biomarkers in order to improve the ability to
correctly detect congestion, differentiate tissue and vascular
congestion, establish personalized treatment strategies and pre-
dict worse cardiorenal outcomes [26]. Natriuretic peptides such
as the B-type natriuretic peptide (BNP) and amino-terminal
Pro-BNP (NT-ProBNP) are elevated due to increasing stretch
and/or pressure of the left ventricle and act as markers of
vascular congestion [27]. The higher degree of renal congestion
assessed by PD of the interlobar renal vessels (elevated renal
venous stasis index) has been associated with higher BNP levels
[28]. Moreover, the carbohydrate antigen 125 (CA125) shows a

positive correlation with severity of renal vein congestion mea-
sured by PD [29] and has recently emerged as a surrogatemarker
of tissue congestion; it is described as an independent predictor
of HF hospitalization and death [30]. Using PoCUS at least four
phenotypes of congestion (Fig. 3) are generally established
according to the presence or absence of tissue and vascular
congestion that can be complemented with other diagnostic
tools such as biomarkers of congestion or bioimpedance. This
will certainly require further studies and evidence to improve
profiling of phenotypes. Therefore, phenotyping congestion
will allow to establishing personalized strategies with the aim
to increase intravascular refilling in case of tissue congestion
or to increase natriuresis in vascular congestion [7]. One of
the most challenging phenotypes of congestion for the clin-
ician is predominant tissue congestion, and fortunately new
treatment options have opened up with the introduction of
sodium-glucose cotransporter-2 inhibitors (SGLT2i). In addition
to significantly reducing cardiac and renal events, the haemody-
namic mechanism of SGLT2i mediated by its natriuretic effect
is related to a significant decrease in tissue congestion and a
minimal effect on vascular tone, unlike loop diuretics [31–33].
In predominantly tissue congestion, vascular refilling may be
increased using hypertonic saline infusion [34] or the use of
albumin infusion in those patients with hypoalbuminemia,
although the latter remains controversial [35, 36]. Diuretics
are the cornerstone of the treatment of tissue and vascular
congestion with the aim of blocking the reabsorption of sodium
and water, furosemide being the most widely used diuretic
[37]. In those patients with diuretic resistance and especially
those with low urine output or low urinary sodium excretion
(<50–70 mmol/L) [38], strategies such as sequential nephron
blockade and even ultrafiltration should be considered [39–41].
PoCUS allows not only accurate assessment of congestion but
is also an additional tool to monitor treatment response.

POCUS: AN ANSWER IN CONGESTION
ASSESSMENT

Lung US, an answer to tissue congestion

Traditionally the lungs were believed to be organs that could not
be insonated as they were mainly occupied by air. Although in
fact, earlier versions of Harrison’s Book of internalmedicine pre-
cluded their use [42], it was not until 1994 that Daniel Lishestein
described the BLUE protocol. The BLUE protocol allows bedside
US diagnosis of thoracic disorders associated with acute respi-
ratory failure [43]. Lung US (LUS) helps the interpretation of ar-
tifacts by US. The fluid content of the interstitial or extravas-
cular lung water is an important indicator of total volume sta-
tus and is strictly dependent on the filling pressure of the left
ventricle [44]. LUS has been usually used to diagnose lung dis-
orders like pneumonia, pulmonary oedema, haemo- or pneu-
mothorax, and pleural effusion [43]. A variety of different ap-
proaches have been proposed for lung exploration that can be
carried out with any type of probe including linear, convex or
sectorial. A simple approach is to explore the thorax bilaterally
in eight zones, anterior, lateral and posterior (Fig. 4A) [45]. In the
normal status, horizontal hyperechoic equidistant lines paral-
lel to pleura (A-lines) are seen (Fig. 4B). The basic principle of
tissue congestion assessment is that in the presence of exces-
sive lung water, the US beam is reflected by sub-pleural thick-
ened interlobular septa, a low impedance structure surrounded
by air with a high acousticmismatch.US reflection generates hy-
perechoic reverberation artifacts between thickened septa and
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A  No congestion B  Predominant tissue congestion

C  Predominant vascular congestion D  Mixed congestion

Tissue congestion

Vascular congestion

Figure 3: Compartmental phenotypes of congestion by PoCUS: (A) No congestion, (B) Predominant tissue congestion, (C) Predominant vascular congestion and (D)
Tissue and vascular congestion. Adapted from [7]

Figure 4: (A) 8-zone lung ultrasound probe positions. (B) A lines or normal lung. (C) B lines or comets tails. (D) Left pleural effusion.

the overlying pleura, which are defined as B-lines or comet tails
(Fig. 4C) [46]. It is generally considered that the appearance of
three or more comets is relevant. Moreover, pleural effusion can
be identified by black images and the absence of pleural sliding
(Fig. 4D) [46].

In nephrology, LUS is used to assess congestion status, par-
ticularly pulmonary oedema, but it can also help to determine
dry weight in dialysis patients [47]. A randomized multicen-
ter trial on a lung ultrasound-guided treatment strategy in pa-
tients on chronic hemodialysis with high cardiovascular risk
(LUST trial), established that guiding ultrafiltration using LUS is
a safe strategy, and significantly decreased tissue congestion in

the intervention group without hypotension episodes. Although
it failed to determine benefits in reducing the composite out-
come (mortality, acute myocardial infarction or heart failure
admissions), it demonstrated the ability of LUS to enhance the
sensitivity of physical examination [48].

Venous congestion assessment: an answer in vascular
congestion

Congestion assessment is not just inferior vena cava (IVC) US
exploration. Identification and stratification of vascular conges-
tion by scanning IVC and the use of PD to study flow patterns
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Figure 5: (A) Vascular congestion patterns: Normal pattern in US congestion assessment. IVC <2cm. HVs: normal S>D pattern. PV: Continuous flow or pulsatility
<30%Mild-moderate congestion: IVC ≥2cm. HVs: S<D pattern. VP: Pulsatility 30–49%. Severe congestion: IVC: ≥2cm, VHs: Reverse S. PV: Pulsatility >50%. (B) Intrarenal
Venous flow patterns in venous congestion: Pulsed Doppler normal and progressive congestion patterns visualised in the renal vein, in relation to the increase in RAP
(with a reduced scale, 20–30 cm/sec).

of the portal vein (PV), hepatic veins (HVs) and IRVF allows
grading of venous congestion assessment (VExUS) [49]. The as-
sessment of venous congestion could be performed with 3.5–
5 MHz frequency probes; the transducer probe can be located
in subxyphoidal, subcostal and intercostal oblique planes [50].
This last plane allows the visualization of practically all venous
territories and is useful when artifacts (intestine and stomach
among others) prevent the correct visualization of the hepatic
parenchyma in the subxyphoidal and subcostal planes.

The examination begins with the visualization of the IVC in
the intrahepatic portion, 2 cm from the junctionwith the hepatic
veins. Venous congestion occurs when an IVC diameter ≥2 cm
is present together with a collapsibility <50% while inspirating
(non-invasive mechanical ventilation) [49, 50]. In the absence of
these parameters, vascular congestion is ruled out. HVs drain
into the IVC just before right atrium (RA) and therefore HVs have
pulsatility that correlates with the cardiac cycle. Under normal
conditions HVs show an aSD pattern by PD: ‘a’ wave corresponds
to RA contraction, ‘S’ wave to the right ventricular (RV) contrac-
tion and ‘D’ wave to RV diastole. The negative S wave becomes
less deep than ‘D’ in mild congestion (S < D) and turns positive
in severe congestion (reverse S) [49, 50]. Under normal condi-
tions PV has no or minimal pulsatility and there is a continuous
flow or minimal pulsatility (<30%), increasing 30%–50% in mild
congestion and showing a ≥50% pulsatility in severe congestion
(Fig. 5A) [49, 50].

Interlobar or arcuate vessels are preferably explored in the
cortical region between the pyramids for the IRVF exploration.At
this level, the artery and vein run together showing a pulsatile
arterial wave and continuous venous flow. In the third step of

VExUS, as congestion increases, pulsatility in IRFV is observed.
In mild congestion, a pulsatile flow will be detected showing a
diastolic (D wave) phase deeper than the systolic (S wave). In se-
vere congestion, the discontinuity of renal vein flow increases,
showing only a Dwave (monophasic flow) (Fig. 5B) [49, 50]. These
findings of venous congestion are associated with elevated RAP
and correspond to this new entity called CN [5, 50]. Assessing
venous congestion by US has some limitations due to severe
tricuspid regurgitation, pulmonary hypertension or chronic RV
dysfunction, and congestion needs to be confirmed by the vi-
sualization of other venous territories (PV and RV). In addition,
certain pathologies such as cirrhosis and CKD may hinder the
correct interpretation of the waves [51, 52].

Focused Cardiac Ultrasound: the heart at the middle of
the congestion

Focused Cardiac Ultrasound (FoCUS) or echocardioscopy per-
formed by the non-cardiologist clinician is an increasingly
widespread strategy in nephrology [53]. The use of echocardio-
graphy increases the sensitivity and specificity of auscultation
and allows cardiac pathology to be ruled out [54]. Echocardio-
scopic examination is performed with a sectorial probe with
frequencies ranging from 2 to 7 MHz. The standard examina-
tion is performed by placing the transducer in four basic planes:
parasternal long axis (PLAX), parasternal short axis (PSAX), api-
cal 4-chamber (A4C) and subcostal (Fig. 6). Echocardioscopic
assessment of fluid status includes rapid identification of mor-
phological and functional changes in the basic image planes [55].
Rapid identification can bemade systematically by starting with
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Figure 6: Focused Cardiac Ultrasound (FoCUS): Classical planes and targets to be visualized by FoCUS. Abbreviations: LV: left ventricle, RV: Right ventricle, LVOT: Left

ventricular outflow tract, MV: Mitral valve, TV: Tricuspid valve, LA: Left atrium, RA: Right atrium, VTI: Velocity time integral.

the examination of left ventricular (LV) systolic function using
the visualization of the anterior leaflet of themitral valve, allow-
ing observation of the E-point septal separation. It is performed
by measuring the distance between the anterior leaflet of the
mitral valve and the septum during the early LV diastole [56].
A distance of >7 mm correlates well with a severely reduced
ejection fraction [57]. Advanced users can calculate LV ejection
fraction by echocardioscopy using M-mode and Teichholz’s for-
mula or Simpson’s method [58]. The right heart has a major role
in vascular congestion and although the RV is better adapted
to increased volume, increased preload in the RV is associated
with dilation and in some cases increased afterload which can
chronically lead to RV dilation and dysfunction [59]. In the A4C
plane the size of the RV can be compared with the LV size and,
at the end-diastole, the basal diameter of the RV can be mea-
sured [60]. In healthy individuals, the size of the RV is approx-
imately less than two-thirds the size of the LV and it may be
present in patients with congestion RV dilatation (basal diame-
ter >41mm) [60].When pressure increases secondary to conges-
tion, a rectification of the interventricular septum gives the RV a
D-shape, comparedwith a C-shape in the PSAX plane at the pap-
illary muscles [59]. In addition, the RV function can bemeasured
in M-mode by calculating the tricuspid valve systolic excursion
(values below 17 mm suggest RV systolic dysfunction) [60].

Although the subcostal window is themost appropriate win-
dow to assess pericardial effusion, large effusions can also be

seen in the posterior region of the LV in PLAX and PSAX planes
[53]. To rule out cardiac tamponade, one of the easiest and most
sensitive signs is the distention of the IVC due to altered fill-
ing pressures (right atrial collapse in systole and RV collapse in
diastole) secondary to extrinsic compression of the heart easily
assessed by FoCUS [53, 55, 61].

Echoscopy also allows calculation of the stroke volume (SV).
The blood flow through the aortic valve or SV is calculated by
measuring the velocity time integral (VTI) and LV outflow tract
diameter [61]. SV is determined using the following formula
VS = TSVI area × ITV, and if the result is multiplied by the heart
rate, the cardiac output is obtained. Current US scanners devices
have the ability to accurately calculate SV automatically, which
requires correct measurements for the value to be reliable [61].

IMPROVING OUR CLINICAL AND RESEARCH
SKILLS WITH POCUS

The main contribution of PoCUS is to enhance physical exami-
nation by adding a fifth pillar (insonation) to the classical model
(inspection, palpation, auscultation and percussion) [62], aiming
to improve the sensitivity of physical examination. In a study of
patients with chronic HF, the combination of classic signs such
as rales, oedema and elevated jugular venous pressure showed
a low sensitivity (58%) in detecting elevated pulmonary capillary
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wedge pressures [63]. In addition,a recentmeta-analysis showed
that the sensitivity of chest radiography to correctly detect pul-
monary oedema was 73%, but sensitivity increased up to 88%
when LUS was included [64]. In the research agenda, the inte-
gration of a multi-parametric or holistic view of congestion [26]
will allow the nephrologist to include the use of PoCUS to phe-
notype congestion in different acute and chronic settings (AKI,
onconephrology, kidney transplantation, dialysis and glomeru-
lonephritis, among others), and not only in CRS. Allowing the
PoCUS findings to be correlated with clinical scores such as the
composite congestion score [65], novel congestion biomarkers
such as CA125 [29], bioelectrical impedance [66] and/or quanti-
tative measures obtained by advanced users through FoCUS. In
addition, PoCUS highlights the relevant role of subclinical con-
gestion, i.e. those patients who have some degree of congestion
assessed by PoCUS but are asymptomatic and associated with
poor outcomes [67].

MORE POCUS RESOURCES

Could my patient’s AKI be due to lithiasis and
hydronephrosis?

Renal colic is a common presentation in nephrology which in-
volves a significant amount of resource use, including advanced
imaging as well as direct and indirect costs related to patient
care and lost work time. Hydronephrosis is presented as a black
branching structure in the renal sinus with US but we can also
find the cause of the obstruction as a stone in the renal pelvis as
a high brightness structure with an acoustic shadow [68]. Even if
we do not visualize the stone during the examination, the pres-
ence of hydronephrosis suggests ureteral obstruction. Recently,
a prospective observational study was performed to determine
the diagnostic accuracy of PoCUS in patients with renal colic and
suspected hydronephrosis [69]. The authors showed a moder-
ate sensitivity and specificity for renal colic and suggested that
PoCUS might be helpful to help guide further imaging and con-
sultation in combination with clinical course [69].

Finally, a PoCUS examination is not finished until the blad-
der is examined. Urine appears as an anechoic fluid and a low
urinary obstruction can be discovered by PoCUS [70].

Is it safe to create an AVF in my HF patient or does my
patient with acute recurrent HF have a high-flow AVF?

AVF establishes a shunt from the arterial to the venous circu-
lation and exposes low pressure, high capacitance venous sys-
tem to the high pressure but low capacitance arterial system
[71]. Immediately following its creation, there is an increase in
cardiac output and a decrease in subendocardial perfusion as a
consequence of reduced systemic vascular resistance, increased
myocardial contractility and an increase in SV and heart rate
[72, 73]. In addition, creating an AVF predisposes to increased
preloading of the right chambers which in turn can lead to RV
remodelling and dysfunction [74]. Usually, a permanent AVF is
a haemodynamically significant left-to-right-sided shunt with
a blood flow of 1–2 L/min, and further increases in blood flow
can worsen cardiac function shown as a left ventricular mass,
ventricular and atrial dilatation, increased pulmonary flows and
increased cardiac output [75, 76].

FoCUS allows adequate assessment of RV morphology and
function allowing patientswith RV dysfunctionwho are not can-
didates for peritoneal dialysis to avoid the creation of proximal
AVFs and to decide the best vascular access [53, 60]. Furthermore,

assessing the AVF flux by PoCUS helps to determine whether
blood flow AVF exceeds the cardiac ability to maintain a func-
tional New York Heart Association pattern and can select those
patients as candidates for banding or even more, ligation of the
AVF. Regular flow follows up better than a single measure could
be monitored regularly in order to identify high-flux AVF [77].

Can I start using AVF safely?

Assessing new AVF maturation can be performed using the ‘6 s
rule’. AVF cannulation is initiated when the vein meets a diam-
eter greater than 6 mm diameter with no depreciable narrowing
of more than 20% throughout, a less than 6 mm depth and a
more than 6 cm length [78]. Either way, PoCUS can be used for
the assessment of alternate cannulation sites and new AVF can-
nulation, overwhelm difficult access cannulation and increase
cannulation accuracy.

The regular use of PoCUS by haemodialysis nursing staff is
essential to providing high-quality care in haemodialysis pa-
tients. It helps to ensure that vascular access is maintained in
the long term while reducing discomfort and complications for
patients. To avoid blind cannulation, some clinicians and nurses
have turned to US to visualize vessels, particularly vessels that
are new, small, mobile or tortuous [79]. The benefits of this ap-
proach for guiding needle insertion improves care, detects early
complications and avoids useless punctions with the identifica-
tion AVF landmarks and abnormalities, using PoCUS to view the
vessel and allowing for the creation of a visual map of the AVF
[78].

Can PoCUS help performing a renal biopsy as a safe
procedure?

Although renal biopsy is a training procedure in nephrology fel-
lowship, the trend is moving to a radiology practice. Indeed,
radiologists have usually performed US-guided biopsies in re-
cent years. Nevertheless, PoCUS can help to recover the inter-
ventional procedures for nephrology practice. A well-trained
nephrology team can safely carry out native and graft kid-
ney biopsies, and with the help of US renal biopsy should no
longer be an obstacle for nephrologist skills. In a recent study,
Palacherla et al. showed excellent outcomes from percutaneous
renal biopsies both guided and performed by nephrologists. Fur-
thermore, they described a pre-localization of kidneys before
rather than in real-time guidance during procedures [80]. They
advocate for the increasing availability of PoCUS, encouraging
more nephrologists to perform this essential procedure [80, 81].

POCUS IN NEPHROLOGY TRAINING

PoCUS is being introduced into medical school curricula in the
USA and Canada and it is also being offered by some nephrology
training programmes [82]. Although there are not yet any com-
petency guidelines provided by the European or American Board
of Nephrology for Internal Medicine, some institutions have
curricula designed to teach focused diagnostic PoCUS skills to
nephrology fellows [83, 84]. From Spain, we advocate for PoCUS
becoming part of the nephrology fellowship core curricula in
Europe, considering that there is an unmet need in nephrology
for intervention tools. The Working Group for Cardiorenal
Medicine of the Spanish Society of Nephrology suggests that
current general nephrology training does not seem to be suffi-
cient to cover the rapidly evolving field of cardiorenal medicine
[85]. The proposition includes an innovative programme to
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enhance education of nephrologists, including tools such as
PoCUS in order to well define, describe and characterize the CRS
with FoCUS, VExUS and LUS [82].

Clinical nephrology practice and education needs tomodern-
ize and not lose the lead on volume status assessment, conges-
tion and cardiorenal balance, but not only in the CRS context. As
an example, NephroPOCUS.com won the 2020 American Society
of Nephrology Innovation in Kidney Education award. These im-
provements in knowledge address two of the main barriers for
PoCUS implementation: understanding the principles of the tool
and knowing how to use PoCUS appropriately. The goal must
be to build an international PoCUS nephrology training pro-
gramme as part of regular nephrology training in collaboration
with US educators. The basis of this competency-based train-
ing for nephrological PoCUS should arise from the collabora-
tion of nephrology PoCUS training institutions, academic centres
and diagnostic imaging centres becoming part of the nephrol-
ogy fellowship. As PoCUS becomes more prevalent in the field of
nephrology, it will likely become a crucial component of the tool
kit of the modern nephrologist.

PoCUS involves multiple actions such as appropriate focused
questions, identifying adequate acousticwindows and obtaining
images, interpreting the images in the correct clinical setting,
integrating the information appropriately to guide patient man-
agement, recognizing the limitations of our own research and
seeking expert consultation or perform complementary stud-
ies when necessary. PoCUS enables the nephrologist to move
from the simplistic view of physical examination learned in the
19th century to a holistic view that includes US as a precision
medicine tool for the 21th century.
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