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Abstract

Purpose “Point-of-Care Ultrasound” (POCUS) is now a familiar term. Although the European Federation of Societies for
Ultrasound in Medicine and Biology (ESFUMB) published a position paper about its usage (Nielsen et al. in Ultraschall
Med 40(1):30-39. https://doi.org/10.1055/a-0783-2303, 2019), there has not been much scientific focus on its utility in uro-
nephrological clinical practice thus far. The aim of this study was to evaluate the present usage of pocket ultrasound devices
at the bedside.

Methods 27 investigators (all medical doctors with at least 6 months of experience in sonography) performed 280 bedside
examinations using a pocket ultrasound device for common clinical issues.

Results The most frequent indications included evaluation of hydronephrosis (147), volume management including assess-
ment of dimension of the vena cava inferior (IVC) (195), detection of pleural, pericardial and abdominal effusions (113) as
well as residual urine (52). In 90%, specific clinical questions were effectively answered by the pocket ultrasound device
alone.

Conclusions POCUS can be useful in the uro-nephrological field. In the hands of an experienced investigator, it saves time
and, when it is realised that departmental ultrasound is not cheap, there is also an economic benefit with applicability within
both inpatient and outpatient clinic settings. While acknowledging its technical limits, pocket ultrasound devices may nev-
ertheless be helpful in targeted situations for triage or for bedside follow-up exams after earlier high-end ultrasound-based
diagnosis.
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Introduction

“Point-of-Care Ultrasound” is a familiar term, with its
acronym ‘POCUS’ posing quite the popular rejoinder,
which describes a real-time ultrasonic bedside examination
focussed on addressing specific clinical questions allowing
immediate interpretation by the examining physician [1].
Improving the diagnostic utility within physical examina-
tion, it heuristically speeds interpretation of findings towards
advancing clinical diagnostic reasoning and guiding therapy.
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Technological advances have enabled such miniaturised
hand-held devices to widen the POCUS concept. Former
studies investigated their use in different fields including
abdominal [2—4] and cardiac [5] as well as in other settings
including clinical rounds [6], intensive care medicine [7, 8]
and pre-hospital emergency medicine [9].

POCUS invites interest within Uro-Nephrology [10],
but there has been little scientific scrutiny in evaluating its
utility within this craft. Ultrasound imaging is an impor-
tant diagnostic contribution to differentiating between
pre-, intra- and postrenal causes of kidney failure as well
as acute versus chronic kidney insufficiency. Furthermore,
when integrated within the physical examination, it effects
surrogate evaluation of IVC to reflect the patient’s volume
status. As many patients are immobile because of sickness
or age, a focussed bedside sonographic examination using
hand-held ultrasound devices (HHUD) may be helpful and
time saving where appropriately indicated. However, evalu-
ating this tool’s utility in immediate retrospect at the end of

@ Springer


http://orcid.org/0000-0003-3555-8330
https://doi.org/10.1055/a-0783-2303
http://crossmark.crossref.org/dialog/?doi=10.1007/s00345-022-04018-y&domain=pdf

636

World Journal of Urology (2023) 41:635-640

an evaluation is an important component, reflective, skill to
acquire towards safe practice. Limitations inherent to min-
iaturisation may compromise image quality, subsequently
reducing diagnostic accuracy [3]. But nonetheless, POCUS
might accept some degree of loss of accuracy to the benefit
of the possibility of its timely, direct and bedside usage in
the hands of the trained physician. Of course, that compo-
nent skill should be emphasised and should be the basis of
any comparison.

In this study the present role of HHUD used bedside for
the daily clinical routine of Uro-Nephrology was evaluated.

Methods

All examinations were performed with the GE Vscan v1.2
(GE Medical Systems, Milwaukee, WI, USA; broad band-
width phased array transducer: 1.7-3.8 MHz; Fig. 1). Sta-
tioned in our uro-nephrological ultrasound department, the
HHUD could be used whenever needed for sonographic
evaluation of patients on our nephrology/ rheumatology
ward, for patients while on dialysis, in the nephrological
outpatient clinic or for any other nephrological consultation
in the hospital. The investigators were all ultrasound-expe-
rienced physicians in our nephrology department, who had

Fig. 1 Examination with the HHUD GE Vscan v1.2: the probe (>) is
positioned in the upper abdomen of the patient. On the monitor of the
HHUD you can see the right kidney (—)
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all undertaken full-time sonographic training for a minimum
of 6 months and had received a detailed introduction in the
use of HHUD.

After each HHUD examination, the investigators were
encouraged to fill a questionnaire including age and gen-
der of the patient, indication for the examination and
whether they considered the issues being evaluated could
be answered by HHUD, or if another examination by a high-
end ultrasound system (HEUS) was necessary.

This observational study was approved by the ethics com-
mittee of the Technical University of Munich and conducted
in accordance with its guidelines.

For data management and evaluation Excel (Microsoft
Office 365 Pro Plus; Microsoft Corp., Redmond, Washing-
ton, USA) was used.

Results

From January 21, 2016, to January 17, 2018, 280 ultrasound
examinations were performed by 27 different investigators.
On average, the patients were 68.1 years old (178 males
and 102 females). The HHUD was used for the following
indications (number in brackets; online resource 1): evalua-
tion of hydronephrosis (147; Fig. 2), evaluation of the vena
cava inferior (195: online resource 2 a and b), revealing
effusions (113; pleural: online resource 3, intraabdominal:
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Fig.2 Hydronephrosis °II, diagnosed with the HHUD GE Vscan
v1.2: dilatation of the renal pelvis (*) and the renal calices (**)
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Fig.3 Cyst (*) in the upper pole of the right kidney (—), depicted
with the HHUD GE Vscan v1.2, with a partially calcified septum (>)

Table 1 List of cases where HHUD failed: an evaluation with HHUD
was not possible in these cases

Cases where pocket ultrasound device failed Number

Joints 2
Heart

Kidney

- Exclusion of hydronephrosis
- Imaging left kidney

- Haemorrhagic renal cyst

—_— = =

Cervical lymph nodes

online resource 4, pericardial), measuring residual urine in
the bladder (52) and for other indications (18), including
imaging of the thyroid (1), the neck (1), the joints (2), the
abdominal aorta (2; online resource 5 a and b), the heart (3),
the kidney (3 times for control of bleeding after renal biopsy;
once for evaluation of kidney cysts: Fig. 3) and the intestines
(1; because of lower abdominal pain). Moreover, it was used
three times for ultrasonic guided puncture of pleural effusion
and once to guide knee aspiration.

In seven examinations (2.5%), a precise sonographic
evaluation by the HHUD was not possible and the examina-
tion had to be repeated with HEUS in the following cases
(see Table 1): evaluation of a joint (1), aspiration of a knee
(1), sonography of the aortic valve (1), sonography of the

neck (1), imaging of the kidney (3): once for confirming
hydronephrosis, once for imaging the left kidney in an adi-
pose patient and once in a patient with lower abdominal pain
(with HEUS, bleeding into a renal cyst could be detected).

21 examinations (7.5%) were followed by a HEUS as not
all issues could be answered by the HHUD alone: in these
cases, the examination with HHUD at least revealed a prob-
lem that had to be evaluated by HEUS (see Table 2). For
example, suspicion of kidney stone had to be confirmed by
HEUS and other methods (CT-KUB). In two other patients
hydronephrosis was detected: HEUS could differentiate a
dilated calyceal system from one or many renal cortical/
parapelvic cysts and allow an accurate grading of hydrone-
phrosis due to the higher resolution and also 3-D-option of
the ultrasound device. A diverticulum of the urinary bladder
and clots of blood in the urinary bladder (online resource
6), kidney cysts (Fig. 3) and macro vascularization of the
(transplanted) kidney were other examples requiring further
evaluation by HEUS in this study.

Discussion

In 90% of all examinations, HHUD revealed satisfactory
results in accordance with other studies proving its feasibil-
ity in addressing specific clinical questions [11, 12].

In only seven of 280 examinations, HHUD provided no
benefit: this may be due in part by bad examination condi-
tions, which are more difficult to handle with an HHUD than
with an HEUS (small monitor and limited technical speci-
fication), and/or by inappropriate indications. For example,
a standard quality evaluation of the neck or the joints is not
achievable with a small device without a high frequency
transducer. Such attempts were especially observed in the
initial period of using HHUD and the investigators quickly
became familiar with the limitations of HHUD.

In 21 of 280 examinations, further HEUS examination
was needed for more detailed evaluation. In many of these
cases HEUS was akin to verification: the pathology was
already suspected after HHUD but required to be confirmed
by HEUS. In some cases, HHUD was technically limited by
constitutional factors of the patients e.g., high BMI.

Previous HHUD studies required that the investigators
were possessed of adequate experience to achieve satisfac-
tory results [13, 14], and standardized training curricula and
examination protocols were a pre-requisite for the individu-
als performing the examinations: POCUS-examinations by
HHUD might be faster to perform and limited in their scope
but are not easier. In our study, only physicians experienced
in abdominal sonography for at least six months used the
HHUD.

The patient’s average age in this study (68.1 years) was
representative of the uro-nephrological patient population
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Table 2 List of cases, where

examination by HHUD was machine

Further evaluation by high-end ultrasound

Number Comment

followed by a HEUS as not all
questions could be answered Kidney
- Stones

- parenchymal/cysts
- RI-values

- Grading of hydronephrosis

- Transplant kidney vascularisation

Extent of pleural effusion

Intestines

Diverticulum of the urinary bladder

Blood clots in the urinary bladder

Knee: extent of effusion

H. o. thyreoidectomy

Low battery

Puncture of pleural effusion
V. cava inferior

Doppler of the groin

Reassurance in adipose patient

Exclusion of residual thyroidal tissue

Bad examination conditions

Reassurance in adipose patient

e e e e e e e e e e S DL VS RN SS I NS )

which typically is comprised of an older profile which may
reflect a coincidence of higher age and immobility: it is often
easier and faster to perform a bedside consultation with
HHUD instead of bringing an immobilized patient to the
HEUS. Other features of a shorter boot-up time, supplanted
transfer and an easier mobility for positioning at the patient”s
bedside, predicate that it is easier to insert an HHUD exam
in the patient’s care journey, than a formal requesting of
HEUS with its inherent delays [3].

A limitation of this study is the lack of a comparison
to gold standard examination—that would be (at least) an
HEUS examination. As there was no control of the quality
of the examinations, investigators might have been lulled
into a false sense of security and therefore did not initiate
further investigations. To our knowledge, no relevant finding
or diagnosis was missed by HHUS concerning the clinical
issue. Moreover, the feasibility of abdominal ultrasound for
specific issues by HHUD was already shown in other studies
[2-4, 11, 12, 15-17].

It is further an acknowledged limitation that not all
HHUD examinations were formally documented by the
investigators, using the above-mentioned questionnaire,
due to limited time in daily clinical routine. This might
have biased our results to a certain degree. However, within
an observational period of almost two years the presented
results seemed by consensus to be representative. Moreover,
we included different settings (ward, dialysis, in- and outpa-
tient clinics), covering a broad spectrum of uro-nephrolog-
ical patients and practice.

As described in an article by Osterwalder, traditional
comprehensive ultrasound and POCUS complement rather
than compete with one another: the HHUD is not meant
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to replace the HEUS or the complete ultrasound examina-
tion—it has its applications parallel to those [18]. Our
study design considered that the physicians still retained
the option to request a departmental ultrasound in the form
of HEUS performed by a full-time ultrasound consultant,
without performing any HHUD beforehand. On the one
hand, this implies a selection bias regarding the success
rate: as the clinicians selected those for HHUD where they
thought it was likely to yield an answer, “difficult cases”
might be underrepresented, making the success rate higher
than it actually is. On the other hand, this better reflects the
clinical reality: clinicians should always use those diag-
nostic methods they suspect best success of.

Regarding the results of our study, HHUD incorporated
into uro-nephrological clinical practice is especially useful
for a rapid evaluation of circulating volume status includ-
ing the v. cava inf. (online resource 2 a and b) and pleural/
intraabdominal (online resource 3 and 4) or pericardial
effusions, for evaluation of the kidneys (size, renal paren-
chyma, exclusion of hydronephrosis, gross vascularisation
confirmation by Colour Doppler ultrasound respecting the
limited options; online resource 7 and Fig. 2) and the uri-
nary bladder (residual urine). If solid organ pathologies
are suspected or the precise evaluation of vascularisation
(e.g., including RI-values) is needed, HEUS is indicated.

Meanwhile, there are pocket ultrasound devices
equipped with a convex and a linear scanner. Moreover,
additional modes like Pulsed-wave Doppler are becom-
ing available: hereby new areas of applications may arise
such as ultrasound-guided cannulation in haemodialysis
vascular access (online resource 8). [19]
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Conclusion

To summarize, POCUS by HHUD can be incorporated
into clinical uro-nephrological practice. It is a helpful
tool for rapid exclusion of hydronephrosis, evaluation of
circulatory blood volume status (IVC and effusions) and
measurement of the residual volume of the urinary blad-
der. However, investigators should be aware of its limita-
tions, e.g., in the assessment of solid organ pathologies,
such as parenchymal disease and space-occupying lesions,
as well as in adverse examination conditions (e.g., very
raised BMI). There is ongoing technical development of
HHUD with high frequency arrays and further ultrasound
modes which might even widen the spectrum of indica-
tions for HHUD; further studies are needed to evaluate
their applicability.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00345-022-04018-y.
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