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ABSTRACT

Point-of-care ultrasonography (POCUS) has rapidly evolved from a niche technology to an indispensable tool across
medical specialties, including nephrology. This evolution is driven by advancements in technology and the visionary
efforts of clinicians in emergency medicine and beyond. Recognizing its potential, medical schools are increasingly
integrating POCUS into training curricula, emphasizing its role in enhancing diagnostic accuracy and patient care.
Despite these advancements, barriers such as limited faculty expertise and ‘lack of’ standardized guidelines hinder
widespread adoption and regulation. The International Alliance for POCUS in Nephrology (IAPN), through this position
statement, aims to guide nephrologists in harnessing the diagnostic power of POCUS responsibly and effectively. By
outlining core competencies, recommending training modalities and advocating for robust quality assurance measures,
we envision a future where POCUS enhances nephrology practice globally, ensuring optimal patient outcomes through
informed, evidence-based decision-making. International collaboration and education are essential to overcome current

challenges and realize the full potential of POCUS in nephrology and beyond.
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BACKGROUND

Point-of-care ultrasonography (POCUS) refers to ultrasound
examination performed at the patient’s bedside by clinicians
to answer focused clinical questions to guide management
[1, 2]. Owing to technological advances leading to miniaturiza-
tion of the equipment and the dedication of visionary physi-
cians, notably those in emergency medicine, POCUS has trans-
formed into an essential element of the physical examination
over the past several years. Now it is being integrated into var-
ious medical and surgical specialties and is becoming a part of
both medical school and graduate medical education curricula
[3-6]. Once limited to procedural guidance, POCUS in nephrology
has expanded to encompass diverse diagnostic applications, en-
hancing nephrologists’ accuracy in evaluating complex fluid and
haemodynamic disorders [7-12]. Professional nephrology orga-
nizations are increasingly recognizing POCUS as a vital clinical
skill. For example, the recent American Society of Nephrology’s
task force report emphasized the need for POCUS training
by stating, ‘Nephrology fellowship training programs must
offer higher-level training in nephrology-focused Point-of-Care
Ultrasound, such as the assessment of kidney structure, volume
status, and dialysis access’ [13]. Despite growing enthusiasm,
barriers such as the limited availability of POCUS-trained faculty
and equipment in teaching institutions, the lack of awareness of
the scope of practice and the lack of formal guidelines impede
widespread adoption and regulation [14-16]. The International
Alliance for POCUS in Nephrology (IAPN), consisting of nephrol-
ogists from around the world, strives to advance POCUS training
and encourage its adoption within the field. This position
statement aims to guide nephrologists interested in utilizing
and teaching POCUS, offering recommendations on training
and competency standards focusing on diagnostic applications.
Procedural applications in nephrology vary significantly by

practice setting and are beyond the scope of this document.
The authors, who are practicing nephrologists from diverse
geographic locations, possess expertise in multi-organ POCUS
and hold credentials for POCUS at their respective institutions.

SCOPE OF PRACTICE

The scope of POCUS is primarily determined by two factors:
the competence of the physician and the pertinence of a par-
ticular sonographic application to the physician’s specializa-
tion. There is minimal contention regarding the significance
of kidney and urinary bladder ultrasound for nephrologists,
given their expectation to incorporate information about struc-
tural abnormalities into clinical decision-making. A consider-
able amount of a nephrologist’s time on a consultation ser-
vice is dedicated to handling patients with intricate fluid and
electrolyte disorders. Therefore, the objective evaluation of vol-
ume status using POCUS is crucial in nephrology practice, ex-
tending beyond the care of patients on maintenance dialy-
sis. As elucidated in previous publications, the integration of
multi-organ POCUS, encompassing focused cardiac ultrasound,
lung ultrasound and Doppler assessment of systemic veins,
significantly aids in assessing a patient’s haemodynamic sta-
tus (a more accurate term for ‘volume status’) in various clin-
ical scenarios [11, 17-28]. Furthermore, POCUS assists in can-
nulation and facilitates the assessment of acute abnormalities
of arteriovenous access in the dialysis unit [29, 30]. Fig. 1 de-
picts the commonly used sonographic applications in nephrol-
ogy practice, illustrating the focused clinical questions being
addressed.

As a new and evolving field, research on the applications of
POCUS specific to nephrology is still in its early stages. A de-
tailed discussion of studies in this area is beyond the scope
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Guide dialysis catheter placement |

E Is there a thrombus in the arteriovenous fistula?
| How big is the pseudoaneurysm?

| Is there a stenosis of the access?*

[ Guide cannulation

l Does this patient with heart failure have
congestive hepatic/portal vein flow?*

Does this patient with AKI have hydronephrosis?
Are the kidney cysts growing?

How is the stone burden compared to last year?
What is the resistive index/how is venous flow?*
Guide renal biopsy

Any peri-nephric collections?
Guide renal allograft biopsy |

Is this patient retaining urine? a
Is the Foley catheter obstructed?
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Does this patient with hypertensive urgency have
papilledema?

=

Does this patient with shortness of breath have
pulmonary edema?

Pleural effusion?

Are there any lesions suggestive of COVID-197?

Does this dialysis patient with unexplained
hypotension have pericardial effusion?

How is LV systolic function?

Does my patient with hypertension have LVH?

Does the IVC suggest elevated right atrial pressure?
Are LV filling pressures elevated?*

Is the stroke volume reduced?*

What is the RV systolic pressure?*

" | Is there a peritoneal dialysis catheter tunnel
infection/abscess?

Does this patient with shortness of
—* | breath but no pulmonary edema has a
deep vein thrombosis?

Figure 1: Scope of nephrology-related POCUS: organ-specific focused questions that can be answered by bedside ultrasonography. Those marked with an asterisk (*)
indicate advanced sonographic applications requiring a higher operator skill level/additional training. The list of questions is not exhaustive([8]. Figure reused from

reference 8 with permission.

of this article and is comprehensively covered in other articles
[17-28], which dissect the current literature. Here are a few note-
worthy ones that have recently garnered interest. In the LUST
study (NCT02310061), end-stage kidney disease (ESKD) patients
with high cardiovascular risk were randomized to dry weight
titration based on lung ultrasound compared with the standard
of care. Although the primary outcome of death, myocardial in-
farction or de novo decompensated heart failure was not differ-
ent, a post hoc analysis based on previous heart failure litera-
ture showed less recurrence of decompensated heart failure in
the POCUS group [31]. Dry weight reduction based on lung ul-
trasound also led to improved blood pressure control with fewer
intradialytic hypotension events [32]. Other POCUS applications
such as inferior vena cava and venous Doppler for the assess-
ment of systemic venous congestion have been studied in pa-
tients with cardiorenal syndrome and a recent randomized clin-
ical trial showed POCUS-guided therapy significantly improved
the odds of achieving decongestion {odds ratio [OR] 2.6 [95%
confidence interval (CI) 1.9-3.0], P = .01} [33]. Furthermore, ob-
servational studies suggest that personalized treatment based
on POCUS could be a valuable tool for tailoring care in patients
with cirrhosis and acute kidney injury [34]. Given the increas-
ing recognition of cardiac dysfunction and venous congestion in
these patients, this highlights the need for randomized trials to
objectively assess haemodynamics in this population.

It is reasonable to assume that the effective use of POCUS
and the conduct of clinical research largely depend on proper
training and competency of the operator. Quality research can-
not be expected if investigators are not proficient in the tech-
nical aspects, accurate interpretation of POCUS findings and
understanding its limitations. Additionally, with the increas-
ing exposure of medical students and internal medicine resi-
dents to fundamental POCUS skills, akin to a physical exami-

nation, there is an anticipation for them to acquire specialty-
specific advanced sonographic expertise, such as a comprehen-
sive haemodynamic assessment using Doppler techniques dur-
ing fellowship training. Nevertheless, it is important to empha-
size that the intent of POCUS is not to substitute for consulta-
tive ultrasound examinations conducted by radiology or cardi-
ology departments. These studies typically involve a compre-
hensive evaluation of an anatomical area, contrasting with the
focused clinical question-guided assessment in POCUS. For in-
stance, while a nephrologist performing POCUS is anticipated to
identify mitral regurgitation as a potential cause for pulmonary
oedema, evaluating the structural details required for surgery
or performing transoesophageal echocardiography to search for
vegetation are considered beyond their scope.

POCUS TRAINING AND CORE SKILLS

POCUS training should underscore three fundamental aspects:
image acquisition, interpretation and the effective clinical in-
tegration of findings (Fig. 2). Commencing with a clear indica-
tion, proficient image acquisition ensures the quality and accu-
racy of diagnostic information. This involves mastering sono-
graphic anatomy, understanding ergonomics for optimal scan-
ning, selecting the appropriate transducer, optimizing images
and following protocols for image storage and disinfection of the
equipment. Subsequently, image interpretation demands exper-
tise and attention to detail. Clinicians must determine the ade-
quacy of the images, ensure correct orientation, adopt a system-
atic approach to interpreting normal and abnormal structures
using standard terminology and identify artifacts that can ei-
ther enhance or compromise diagnostic accuracy depending on
the clinical context.

GZ0zZ 1890100 90 U0 1senb Aq GZ8EE L //SHZoRIS/L L/ L/BIo1B/MO/WO0 dnoolwepede//:sd)y Woly pspeojumoq



4 | A.Koratala et al.

+ Sonographic anatomy .

+ Ergonomics

» Transducer selection

* Image optimization

* Saving required
images

* Machine cleaning and
disinfection

Image acquisition

Clinical integration

+ Determining adequacy
of the images

* Correct orientation

= Systematic approach to
interpreting normal &
abnormal structures

+ Standard terminology

+ Identification of artifacts

/

/

Image interpretation

* Interpreting ultrasound
images in conjunction with
medical history and laboratory

data
« Determining the need for
further imaging

. * Determining what

sonographic parameters to
assess during follow up

Figure 2: The three fundamental aspects of POCUS: image acquisition, interpretation and clinical integration.

Finally, the seamless integration of POCUS into clinical work-
flows enhances patient care by providing real-time insights.
This entails interpreting ultrasound images in conjunction with
medical history and laboratory data, determining the need
for consultative imaging based on initial findings and decid-
ing which sonographic parameters to assess during follow-up
evaluations.

Herein, we will outline the core skills and competencies re-
quired for image acquisition and interpretation, categorizing di-
agnostic sonographic applications into basic and advanced. Ba-
sic applications are limited to grayscale and colour Doppler,
while advanced applications involve ultrasound studies requir-
ing spectral and tissue Doppler.

Basic POCUS applications

Sonographic application

Objectives and core competencies

Ultrasound physics and settings

e Select the appropriate transducer for each ultrasound study.

¢ Adjust gain, depth, and focal zone to optimize image quality.

¢ Explain ultrasound wave properties, differentiate grayscale appearances of different
structures and identify common artifacts.

¢ Familiarize with standard terminology, including relative echogenicity and
transducer movements (slide, sweep, fan, rock, rotate, compress) [35].

Renal ultrasound

¢ Obtain long and short axis views of both right and left kidneys.

¢ Optimize imaging to capture maximum kidney length in long axis, minimizing rib

shadows.

* Measure renal length and cortical/parenchymal thickness and evaluate cortical

echogenicity.

e Identify the structural components of a normal kidney.
o Identify key abnormalities such as hydronephrosis, hydroureter, cysts, stones and
renal outline distortions (mass).
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Renal allograft and urinary
bladder ultrasound

Lung ultrasound

Internal jugular vein ultrasound

Focused cardiac ultrasound

Ultrasound of the dialysis access

Others

* Recognize anatomical differences in renal allografts compared with native kidneys,
including prominent collecting systems and proximity to the urinary bladder.
¢ Obtain long and short axis views of the renal allograft.

 Identify pathologies such as perinephric collections and hydronephrosis and evaluate

vascular anastomosis using colour Doppler.

¢ Obtain long and short axis views of the urinary bladder, calculate bladder volume,
assess urinary retention, detect Foley catheter malposition, differentiate pelvic
ascites from urine and identify prostatomegaly.

¢ Understand the rationale for multiple scanning systems and zones, correlating

techniques.

Describe the physics behind artifact generation (A- and B-lines) and recognize the

sonographic characteristics of cardiogenic and pneumogenic B-lines.

 Identify pleural effusion, thoracic spine sign, qualitatively estimate the size and
differentiate complex collections.

e Distinguish dynamic from static air bronchograms, recognize mirror image artifacts

and identify subpleural consolidations.

Recognize pleural sliding and its absence to suspect or diagnose pneumothorax.

°

Obtain long and short axis views of the internal jugular vein, locate collapse point

and estimate central venous pressure.

¢ Use right atrial depth from focused cardiac ultrasound where feasible, avoid
assuming a standard 5-cm depth.

¢ Ensure appropriate bed angle and avoid excessive transducer pressure and head

turning.

Utilize alternative methods for central venous pressure estimation where

appropriate, using jugular venous ultrasound, such as changes in cross-sectional

area or diameter with Valsalva manoeuvre and respiration.

¢ Acquire basic cardiac views (parasternal long and short axis, apical 4 and 5 chamber,
subxiphoid 4 chamber, inferior vena cava).

¢ Correlate normal anatomical structures with sonographic images.

¢ Explain M-mode indications and limitations in cardiac ultrasound.

Systematically interpret images to identify pericardial effusion and associated

chamber collapse, estimate left ventricular ejection fraction, assess right ventricular

systolic function, qualitatively assess variations in chamber size and identify gross

valvular abnormalities using colour Doppler.

¢ Estimate right atrial pressure using inferior vena cava long and short axis views.

¢ Recognize if the views are inadequate, thereby hindering accurate interpretation.

Correlate vascular access anatomy (arteriovenous fistula/graft) with sonographic

images (long and short axis views).

* Identify pathologies such as pseudoaneurysm, fluid collections, thrombosis and
grayscale and colour Doppler stigmata suggestive of stenosis.

¢ Assist in cannulating a new or challenging access.

Describe abdominal wall anatomy, recognize normal peritoneal catheter and cuff

sonographic appearances, suspect or diagnose tunnel infection and pericatheter

fluid/abscess.

.

¢ Perform a 3-point compression ultrasound scan for deep vein thrombosis detection.
¢ Identify common incidental findings like ascites and gallstones.
* Recognize papilledema sonographic appearance.

G202 1890300 90 uo 1sanb Aq GZ8e€ L //SHZaels/L L/ L |L/a191ue/Bo/wod dnoolwapede//:sdiy Woly papeojumoq
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Advanced POCUS applications

Sonographic application

Objectives and core competencies

Doppler physics and settings

Venous excess ultrasound (VEXUS)

Focused Doppler
echocardiography

Arteriovenous access

¢ Explain principles of colour, power and spectral Doppler.

¢ Adjust Doppler scale, gain, sweep speed, sample volume size and wall filter based on vascular

bed and required measurements.
¢ Apply angle correction as needed when measuring absolute velocities.

¢ Hepatic vein: Describe the origin and terminology for individual waveforms (S, V, D, A) and
changes with elevated right atrial pressure. Recognize limitations including effects of cardiac

arrhythmias, valvular abnormalities and liver disease on the waveform, as well as the absence

of simultaneous electrocardiogram.

¢ Portal vein: Identify its typical appearance and changes with increased right atrial pressure.
Recognize limitations such as the impact of portal hypertension and distinguish between
cardiac and respiratory pulsatility. Understand that healthy athletic individuals may exhibit
pulsatile waveforms at baseline.

* Renal parenchymal vessel waveform: Identify its normal appearance and changes with rising

right atrial pressure. Recognize challenges in image acquisition and troubleshoot

appropriately. Obtain renal arterial resistive index where applicable.

Correlate VExUS findings with other sonographic observations, especially those from cardiac

ultrasound.

¢ Become acquainted with extended VExXUS (eVExUS), which involves Doppler assessment of
other systemic veins such as the internal jugular vein, femoral vein and superior vena cava
when primary veins are inaccessible or unreliable.

¢ Identify appropriate cardiac views and accurately place sample volume or Doppler cursor for
desired Doppler parameters.

¢ Recognize when the underlying cardiac view is inadequate for Doppler ultrasound.

Obtain optimal tracings and perform precise measurements of left ventricular outflow tract

velocity time integral (LVOT VTI), cardiac output and right ventricular outflow tract velocity

time integral (RVOT VTI) and conduct qualitative waveform assessment.

¢ Measure pulmonary artery systolic pressure (PASP), perform mitral inflow Doppler (E:A ratio,
E-wave deceleration time), measure mitral annular e’ velocity, and tricuspid annular S’
velocity using tissue Doppler.

* Recognize sonographic stigmata of pre- and post-capillary pulmonary hypertension.

Acknowledge the limitations of each of these Doppler parameters where they may not be

reliable.

¢ Optimize Doppler alignment with alternate cardiac views where indicated (e.g. apical
3-chamber view for LVOT VTI, parasternal right ventricular inflow view for PASP, subxiphoid
RVOT Doppler).

¢ Evaluate flow in the access, usually within the feeding artery.
¢ Use beam steering and angle correction features effectively to ensure accurate velocity
recordings.
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Evaluation of renal artery stenosis (beyond identification of
a parvus tardus waveform or gross differences in resistive
index), detailed vascular mapping prior to arteriovenous ac-
cess placement, comprehensive evaluation of stenosis in
arteriovenous access using spectral Doppler and employing
contrast-enhanced ultrasound are considered beyond the scope
of POCUS. These procedures require significant time and exper-
tise and the sonographic parameters have limited immediate
utility for patient management to justify clinician-performed
bedside ultrasound. Nevertheless, some institutions with robust
ultrasound programs, particularly in outpatient settings, may
choose to include these techniques in the training of nephrology
trainees.

METHODS OF INSTRUCTION

Educational modalities for POCUS differ in their advantages
and disadvantages, as well as in their focus, whether it be in
image acquisition, interpretation or clinical integration [36].
In-person scanning of patients provides real-time feedback
and true pathology exposure but is faculty-intensive, does not
scale well with learner numbers and relies on unpredictable
pathology availability. Scanning standardized patients pro-
vides real-time feedback and predictable scheduling, but the
drawback is limited or no exposure to actual pathology. It is
beneficial for ‘bootcamp’-style intensive learning sessions early
in residency or fellowship training. High-fidelity simulation
mannequins offer immediate feedback, support self-directed
learning and enhance understanding of sonographic anatomy,
particularly for complex applications like cardiac ultrasound
[37, 38]. Some models offer a wide range of pathology options
but are expensive and may be cost-prohibitive for smaller
institutions. Live lectures can accommodate moderate learner
numbers but require expert instructors and do not develop
mechanical skills. Recorded lectures and textbooks can reach
larger audiences, are always accessible and offer high-quality
content, which is especially beneficial for learners without local
POCUS-trained faculty. However, they do not adapt to the needs
of individual learners and require self-motivation since there
is not a set time to watch the lectures, unlike live sessions.
One study found that medical students who attended live
teleconference lectures scored higher on weekly quizzes and
practice exams compared with those who watched recorded
lectures [39].

Social media platforms like X (formerly known as Twitter)
provide a valuable space for POCUS learning and dissemination,
allowing educators from diverse disciplines worldwide to share
bite-sized information and engage in real-time dialogue. While
beneficial for training one’s eyes to various sonographic patholo-
gies, the content on these platforms can be disorganized and
lacks customization for individual learners. Relying solely on so-
cial media may result in missing essential knowledge while fo-
cusing disproportionately on rare or ‘eye-catching’ pathologies.
Xhas also been utilized as a research tool to gather insights from
learners and educators, shaping POCUS training in nephrology
[40, 41]. Similarly, educational blogs (e.g. NephroPOCUS.com) of-
fer nephrology-specific POCUS education through short posts
and videos. However, like social media, these blogs have the
limitation of not being organized like a textbook, and the ma-
terial is not formally peer reviewed, although comments can
serve as a form of feedback. Educators sharing POCUS cases
and images on social media should exercise the utmost caution
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to avoid disclosing any potentially identifiable patient informa-
tion. In situations involving ambiguity, such as rare diseases or
unique medical histories, obtaining informed patient consent is
essential.

We suggest utilizing various modalities based on where a
learner is in their training, adapting to local workflows and the
size of the training program.

ULTRASOUND EQUIPMENT

The availability of ultrasound equipment is a crucial factor
influencing the quality of POCUS education. Interest in af-
fordable handheld devices is increasing because traditional
cart-based machines are relatively expensive. Nephrology train-
ing programs must consider various factors beyond cost when
acquiring ultrasound equipment. Typically, low-cost handheld
devices offer lower image resolution, which may not impact
applications such as lung ultrasound or internal jugular vein
ultrasound, but can notably compromise the quality of cardiac
imaging. Novice POCUS users might struggle to appreciate
sonographic anatomy with such devices. Some of these de-
vices may lack features such as full-range spectral Doppler,
which is crucial for haemodynamic assessment. A study eval-
uating four commonly used handheld ultrasound devices in
the USA found that none possessed all the desired attributes
according to expert POCUS users [42]. Additionally, the size of
the ultrasound monitor is also important. Larger screens (as
opposed to tablet or cell phone-based displays) allow better
appreciation of images or pathology at the bedside, especially
with multiple learners. However, portability is important for
equipment used in outpatient dialysis units and off-site clinics.
We recommend that nephrology departments invest in both
cart-based and handheld devices to provide an optimal training
experience.

Consideration should be given to utilizing devices integrated
with novel artificial intelligence (AI) techniques to assist in im-
age acquisition, which can be particularly helpful in scenarios
with limited availability of trained faculty or colleagues. Further-
more, automatic real-time measuring tools have demonstrated
the ability to make accurate measurements quickly and easily,
significantly enhancing examination reliability while saving
the operator considerable time and effort. For instance, tools
like auto-VTI measurement, left ventricular ejection fraction
estimation and inferior vena cava diameter measurement have
shown good correlation with expert readings [43]. Additionally,
automated B-line counting on lung ultrasound and auto-
calculation of the E:e’ ratio for evaluating diastolic dysfunction
show promise [44]. The use of Al-assisted ultrasound in chronic
kidney disease and quantitative hydronephrosis diagnosis also
holds significant potential [45]. Although still in the early stages
of development, further advancement and standardization of
this technology could greatly enhance the ubiquity of POCUS
in nephrology. On the flipside, overreliance on Al-generated
data when the underlying greyscale or Doppler images are
suboptimal (e.g. tilted cardiac images) can lead to incorrect
interpretations.

POCUS scans may be billable based on local healthcare reg-
ulations and systems, which can help offset equipment costs
over time. Collaborative cost-sharing initiatives with depart-
ments like critical care and emergency medicine that also uti-
lize POCUS may be beneficial where possible. In addition, creat-
ing a user-centred POCUS documentation workflow system for
examination ordering, documentation, selective archiving and
billing could streamline the process of revenue generation [46].
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We do not endorse specific brands of ultrasound machines. In-
stitutional information technology departments typically assist
in selecting brands based on local image archiving requirements
and preferences.

POCUS WORKSHOPS

Given the limited number of POCUS-trained nephrologists, well-
organized nephrology-oriented POCUS workshops/courses at re-
gional, national and international levels play a significant role
in advancing the field until we accumulate a critical mass of
trained nephrologists at the institutional level. Here are our rec-
ommended guidelines for organizing a POCUS workshop:

e Clearly define the goals and objectives, specifying which
sonographic applications will be taught.

e Ensure that faculty meet minimum competency criteria ac-
cording to local standards. While multidisciplinary faculty
can be valuable, it is crucial they understand the common-
use cases of POCUS in nephrology. Although the fundamen-
tals of sonographic skills are consistent across specialties,
clinical integration varies, necessitating tailored content for
nephrology audiences.

e Focus didactics on principles of image acquisition, sono-
graphic anatomy, interpretation of normal and abnormal im-
ages and case-based clinical integration pearls. In-person
lectures are preferred where feasible, but online versions
may be favoured in some settings depending on the intended
audience and the specific centre’s experience.

¢ Maintain lecture adherence to allocated topics within
the timetable and local continuing medical education
requirements.

e For the hands-on component, we recommend a
learner:instructor ratio of 2:1 or 3:1, with a maximum
of 4:1 assuming a rotation span of 30 minutes, aligning with
current expert guidance [47, 48]. We recognize the impact
of financial limitations and geographic differences in this
regard, however, particularly for paid courses, organizers
should strive to provide attendees with a fair return on their
investment by ensuring they receive adequate hands-on
experience.

e Use a checklist of tasks to ensure consistent learning of the
sonographic technique and recognition of structures at each
scan station.

e Include diverse volunteers or models for scanning prac-
tice, encompassing males, females and different body types.
Where feasible, models with known abnormalities can also
be included. Have a system in place to address any inciden-
tal abnormal findings discovered during the workshop.

e Use both cart-based and handheld ultrasound devices where
possible, to allow learners to compare the image quality and
ergonomics.

e Workshop duration should align with the number of sono-
graphic applications taught; we prefer 1- to 2-day formats,
especially for learners new to POCUS.

e Hold workshops alongside major professional society scien-
tific meetings where applicable to minimize travel and ac-
commodation expenses for participants, especially physi-
cians in training.

e Consider conducting a post-test as a formative assessment
at the conclusion of the course and collecting feedback from
the participants.

e Provide a ‘certificate of completion’ detailing didactic and
hands-on hours at the end of the workshop. Avoid certify-

ing ‘competency’ unless the course is specifically designed
to do so as part of a certification program.

e The primary goal of these workshops is to instil confidence in
participants so they can begin practicing scanning at their re-
spective institutions. There are limited data on multi-organ
POCUS courses in nephrology, but the existing findings are
promising, indicating improvements in participants’ knowl-
edge and confidence in acquiring images [16, 49, 50]. These
publications also serve as a model for designing workshop
structures tailored to local needs and addressing the barri-
ers to POCUS implementation.

COMPETENCY ASSESSMENT AND
CERTIFICATION

Although workshops can boost confidence and serve as an ini-
tial step, achieving competency requires structured, longitudi-
nal practice. Without ongoing, consistent practice following a
short training program, retention of ultrasound skills is often
suboptimal [51]. Studies have consistently shown that confi-
dent learners may not necessarily be competent, particularly
without continued supervised practice [52, 53]. The literature on
longitudinal curricula in nephrology is scarce but does exist, pro-
viding a framework for other programs [54]. However, the effec-
tiveness of these curricula in terms of competency has not been
formally examined, which represents the next logical step for
the nephrology research community.

‘Competence’ in medicine is multifaceted and involves
the consistent and thoughtful application of knowledge, tech-
nical skills, clinical reasoning, emotions, values and reflec-
tion in everyday practice to benefit both individuals and the
community [55]. ‘Competency’ is a measurable component of
competence, representing particular abilities or patterns of
knowledge required to execute specific functions within a
job. We endorse the components of competency for POCUS
as defined by the American College of Emergency Physicians
(ACEP):

Clinicians must recognize the indications and contraindica-
tions for the POCUS exam.

Clinicians must be able to acquire adequate images, which
requires an understanding of basic ultrasound physics and the
skills to operate the ultrasound system correctly while perform-
ing exam protocols on patients with varying conditions and body
types.

Clinicians need to interpret the images by distinguishing nor-
mal anatomy, common variants and a range of pathologies from
obvious to subtle.

Clinicians must be able to integrate POCUS exam findings
into patient care plans and management. Effective integration
involves understanding the accuracy of each exam, proper doc-
umentation, quality assurance and POCUS reimbursement [56].

There are various tools for assessing competency in POCUS,
including self-assessment of knowledge and skills, multiple-
choice questions for objective knowledge assessment, clinical
vignettes to simulate scenarios, Objective Structured Clinical Ex-
aminations (OSCEs) for testing technical proficiency, real-time
assessments during patient scans and longitudinal evaluations
with periodic reviews [57]. It is important to recognize that no
assessment method is perfect because each must balance re-
producibility and standardization while being practically rele-
vant. Tools that are easily standardized, such as multiple-choice
questions, cannot test hands-on skills, while methods involv-
ing real patients face challenges in standardization. In longitu-
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dinal training, a combination of these methods can be utilized
based on the trainee’s stage of development. Previous publica-
tions have outlined image review scales and OSCE formats spe-
cific to nephrology [54].

Traditional numerical benchmarks for procedural training in
medical education offer a straightforward approach to docu-
menting the completion of a prespecified number of exams re-
quired of trainees for certification. However, learning curves can
differ significantly among trainees and across different applica-
tions and performing a certain number of scans cannot guar-
antee competency. Nevertheless, we recognize the importance
of establishing benchmarks to streamline the process of grant-
ing POCUS privileges to practicing physicians, contingent upon
the presence of a local quality assurance system. As emergency
medicine has long integrated POCUS into its practice, we draw
upon current benchmarks from emergency medicine literature
and guidelines. According to the ACEP, it is recommended that
trainees complete 25-50 quality-reviewed exams in a specific
application, with an overall benchmark of 150-300 total emer-
gency ultrasound exams [56]. Adaptations of these benchmarks
for nephrology have been proposed, distinguishing between ba-
sic and advanced sonographic applications. We support the
certification requirements outlined by Romero-Gonzélez etal.
[58], acknowledging that these may require refinement as more
nephrology-specific competency data become available. In brief,
basic POCUS certification, covering greyscale and colour Doppler,
requires a minimum of 6 hours of didactics, coupled with at
least 30 minutes of hands-on instruction per sonographic ap-
plication (e.g. 30 minutes allocated for kidney, 30 for lung, 30
for basic cardiac views, etc.) per learner under direct supervi-
sion. Documentation of a minimum of 25 adequate studies per
application is necessary, with adequacy determined by POCUS
experts certified by a professional certifying authority or au-
thorized to perform POCUS at the trainee’s institution. It is im-
portant to understand that depending on prior scanning expe-
rience, obtaining adequate images, particularly cardiac, often
requires more time than the minimum instruction time men-
tioned above. This recommendation is only intended to serve
as a rough guideline to streamline documentation for hospital
credentialing, as it is challenging to accurately document the
informal supervision by institutional experts required to obtain
the necessary 25 adequate scans compared with dedicated ultra-
sound courses. For advanced applications that include spectral
Doppler, an additional minimum of 6 hours of didactics and at
least 60 minutes of hands-on instruction per sonographic appli-
cation per learner under direct expert supervision are required.
A minimum of 50 adequately documented scans per sono-
graphic application is necessary for certification in advanced
POCUS.

Where possible, we recommend establishing institu-
tional guidelines for local certification and ongoing quality
assurance in collaboration with multidisciplinary experts.
Multidisciplinary teamwork is essential for advancing POCUS
in nephrology. By engaging with specialists from various fields,
nephrologists can leverage the diverse perspectives and expe-
rience these professionals provide. For example, critical care
and emergency medicine specialists often have significant
experience with POCUS in acute settings, offering valuable
insights into rapid diagnosis and management. Radiologists can
contribute their expertise in imaging interpretation and quality
control, ensuring high standards are maintained. This collabo-
rative approach supports the development of local credentialing
and quality assurance pathways, with expert committees pe-
riodically reviewing studies performed by newly credentialed
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physicians to ensure proper documentation and regulatory
compliance. Published models are available for creating these
pathways at the institutional level, serving as a guide for
others [59].

External certifications necessitate fees from applicants
but serve as a viable option in the absence of an institu-
tional pathway. We advocate for certifications that include
standardized testing (e.g. the National Board of Echocardio-
graphy Special Competence in Critical Care Echocardiogra-
phy exam in the USA or its equivalent in other countries)
over those granted by commercial entities with minimal
scrutiny.

We also emphasize the importance of image archiving. This
practice enables timely feedback for trainees, facilitates billing
and allows the seeking of expert opinions when necessary. With
the ability to retrieve images from patient charts, the need for
multiple specialists to perform repeat exams for the same clin-
ical question is eliminated. Moreover, it aids in quality assur-
ance, which is crucial for sustaining and advancing a POCUS
program. It is essential to securely store images within the med-
ical infrastructure following local protocols and ensure they are
not shared, reproduced or used outside secure systems without
proper de-identification, which includes redacting the patient’s
name, date of birth and other identifiers such as medical record
number [60, 61].

CONCLUSIONS

Despite significant strides, diagnostic POCUS in nephrology still
faces challenges, including limited faculty expertise and the
absence of clear training guidelines. Moreover, access to POCUS
varies significantly across regions and countries, influenced by
healthcare infrastructure, training opportunities and economic
resources. In high-income countries, POCUS adoption is more
attainable, supported by established training programs led by
multispecialty experts and institutional backing. Conversely, in
low- and middle-income countries, access to POCUS is often
limited by the availability of equipment and trained profes-
sionals. These global and regional disparities underscore the
need for tailored approaches to training and integrating POCUS
into routine nephrology practice. Moving forward, collaboration
among nephrology professional societies is essential to establish
universal standards for POCUS training and quality assurance,
as well as to address geographic disparities in access to POCUS.
Future research should focus on longitudinal competency
assessment and testing the efficacy of various curricular struc-
tures, including telemedicine-based approaches such as remote
lectures and supervision of scanning techniques and assistance
with interpretation, which may help mitigate expertise-related
disparities to some extent. With POCUS now recognized as a
superior diagnostic tool, the next step is to study its impact
on practical clinical outcomes in nephrology-specific scenarios
such as end-stage kidney disease, cardiorenal syndromes,
hepatorenal dysfunction and sepsis-induced kidney injury. This
includes its potential to prevent hospital readmissions, reduce
patient discomfort through early diagnosis and treatment, avoid
unnecessary imaging or procedures and enhance the overall
quality of care. While doing so, it is important to avoid overem-
phasizing isolated POCUS modalities, such as focusing solely on
inferior vena cava or lung ultrasound, and instead consider the
continuity of the haemodynamic circuit. Additionally, POCUS
should not be viewed as a miraculous solution that directly
improves mortality. Mortality benefit can only be achieved when
the diagnostic tool is paired with an effective treatment that
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can influence the outcome. Therefore, expectations must be
realistic and focused on helping patients rather than dismissing
improved diagnostic methods due to the absence of a direct
mortality benefit. By fostering interdisciplinary partnerships
and embracing technological advancements, nephrology can
harness POCUS’s full potential to enhance patient care.
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