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Introduction

Point-of-care ultrasound (POCUS) is compact, relatively
inexpensive and portable equipment that enables image
acquisition and interpretation to done by the clinician at the
bedside. Thus, scanning results can be immediately acted upon
and integrated into comprehensive treatment management.

The use of portable bedside ultrasonography is becoming
increasingly common among non-radiologist clinicians. It has
also been used in operation rooms and postoperative care. The
Society of Hospital Medicine, the American College of Physicians,
the Alliance for Academic Internal Medicine, and the European
Society of Paediatric and Neonatal Intensive Care, have also
endorsed its use [1-4]. Today, emergency and intensive care
clinicians most commonly use POCUS in the management of
the treatment, and the main areas of use are thoracic, cardiac,
abdominopelvic, and vascular examinations. Fluid status, in
particular, is an area of interest for POCUS, as it can guide the
management of the patient. There has been increased interest in
the bedside assessment of fluid status in hemodialytic patients.
However, further studies with data are potentially needed to
integrate POCUS in the management of children at hemodialysis
centres.

Lung Ultra Sound (LUS) and inferior vena cava collapsibility index
(cIVC) measurement methods may assist the detection of fluid
overload in hemodialytic patients. Lung ultrasound is generally
used to evaluate acute cardiopulmonary respiratory failure,
consolidation, pleural effusion, and pneumothorax. There have
also been reports that POCUS may produce important findings in

the evaluation and follow-up of the fluid status of the patients. A
trained observer can easily and quickly assess the extravascular
lung water with POCUS. LUS can detect artifacts known as B-lines
in patients with fluid overload as shown in Figure 1. Heldeweg et
al. reviewed the effect of LUS-guided management on cumulative
fluid balance and other clinical outcomes [5]. They concluded
that LUS-guided management, exclusively or in concert with
other diagnostic modalities, has the potential to improve patient
care. Although data are limited, adult studies show the efficiency
of LUS in detecting dry weight and fluid overload in hemodialysis
patients. Current information on this topic in pediatric literature
is based on observational studies.
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(igure 1: Lung ultrasound assessment detects three B-lines in a zoney
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The Inferior Vena Cava (IVC) is a highly sensitive vessel to
intravascular fluid status. IVC measurements using POCUS can
suggest on the intravascular volume status; however, due to its
elastic structure, extreme intravascular fluid variation may not
correlate with variation in cIVC. cIVC have been used commonly
to evaluate the fluid deficit of the patients. cIVC>40% have been
considered to reveal fluid deficit in critically ill patients. However,
there is not a threshold value that is widely accepted for fluid
overload, and using the values that are determined for critically
ill patients in patients on dialysis may not be appropriate. Figure
2 illustrates that inferior vena cava assessment suggests fluid
overload in a patient [6,7].

Figure 2: Inferior vena cava assessment suggests fluid overload.

Current information on the role of POCUS in regard of the
assessment of predialytic fluid overload in hemodialytic children
is scarce. In this article, we aim to review and emphasize the
importance of a non-invasive bedside method of assessing the
predialytic volume overload of children based on the published
literature.

POCUS in Haemodialysis Units

Chronic volume overload has challenged nephrologists for
decades, as it has been considered to be associated with poor
outcomes. Chronic volume overload is common in patients on
long-term hemodialysis, and can lead to heart failure and cardiac
arrhythmias if left untreated. For this reason, fluid control is seen
as a top priority in patients on dialysis [8,9].

The assessment of target weight and the management of fluid
overload are still based on adult studies, as limited pediatric
data are available. In various centers, fluid overload is generally
determined using one or more of the following methods:
physical examination, blood pressure, inter-dialytic weight gain,
bioimpedance analysis, and relative blood volume monitoring.
Each of these methods has advantages and disadvantages. Tools
for assessment vary widely, but it is clear that none of them is
adequate alone. Inter-dialytic weight gain, pre-dialytic blood
pressure, and physical examination are currently preferred
methods for fluid assessment in children on dialysis. However,
current clinical assessments are not sufficient to optimize the
target weight in children receiving dialysis [10]. This reinforces
the importance of establishing useful, fast, and bedside methods
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for determining volume status. A study, which investigates
the application of artificial intelligence on dry weight and fluid
overload determination, introduces a different perspective
to the matter [11]. As this is still at a conceptual stage, further
studies are required to assess the impact of the better dry weight
control obtained with artificial intelligence. Large volumes of
data from multiple inputs can augment the power of machine
learning, and innovative studies that assess the capability of
the ultrasonographic measurements on the prediction of fluid
overload can present valuable inputs for machine learning
systems.

Paediatric Literature on Lung
Ultrasound

Although studies evaluating the role of LUS in children are
increasing, the role of LUS in children on hemodialysis has not
been studied extensively. Allinovi et al. first proposed the LUS as a
novel technique for detecting fluid overload in children on dialysis
[12]. They showed an improvement in B-line score correlated with
reduction in fluid overload. Although it had several limitations,
the work highlighted the value of LUS as a practical tool to
aid optimization of the target weight in children on dialysis.
Following this study, they then conducted a new study and also
evaluated clVC and bioimpedance spectroscopy (BIS) along with
LUS [13]. The number of B-lines was the single parameter with
the strongest linear correlation with fluid overload (r=0.57). They
concluded that LUS might be superior to clVC measurement and
BIS in detecting volume overload in children with end-stage kidney
disease (ESRD). Another recent study that reveals the value of
LUS was conducted by Fu et al. [14]. They included 14 children
with ESRD and assessed LUS in the interdialytic period and the
dialytic period. In their study, the changes in the B-line scores
were directly and positively correlated with interdialytic weight
gain (r=0.517) and dialytic weight loss (r=0.558). They suggested
that LUS could be a method to judge dry weight and volume
change in children undergoing maintenance hemodialysis. In
addition, we performed a study that combined LUS and clIVC to
predict fluid overload in dialytic children [15]. There was a strong
positive correlation between the predialysis total number of B-
lines assessed by 12-site method and predialysis fluid overload
(r=0.764). The total number of B-lines was found to successfully
predict fluid overload (relative hydration >+7%) and severe fluid
overload (relative hydration >+15%) (AUROCs of 0.82 and 0.80
respectively). We showed that having > 10.5 predialysis total
number of B-lines was associated with fluid overload with 77%
sensitivity and 85% specificity.

All of these studies have one or more limitations and
methodological differences between them. First and most
importantly, there is no standardized examination method for LUS.
The eight-site, 12-site, 14-site, or 28-site examination methods
have been used to assess fluid overload in pediatric hemodialysis
patients [12-16]. Different examination methods in a patient
may cause different total B-line scores and statistical differences
in general. This situation hinders an objective comparison on
the studies. Other important issues that can hinder effective
comparison are the small number the patients, heterogeneous
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patients’ diagnosis and dialysis modality, different age groups,
the lack of an objectively determined target weight, and the use
of different gold standard comparators to assess fluid overload.
Notwithstanding these limitations and differences, existing data
demonstrate clear potential of ultrasonography in determining
fluid overload and optimizing target weight in children with
ESKD. Further studies with standardized methods are potentially
needed to show the reliability and validity of the POCUS.

Paediatric Literature on Inferior Vena
Cava Collapsibility

Assessment of inferior vena cava diameter in children on
hemodialysis was first reported in 1996 [17]. However, it was
Haciomeroglu et al. who first studied cIVC changes in children
on dialysis or continuous ambulatory peritoneal dialysis and
showed that clVC is influenced by even minimal volume changes
[18]. To date, although there are many studies that evaluate the
clVC and fluid responsiveness, very few studies have assessed the
association of clVC and fluid overload in children on hemodialysis
[13-18]. Perhaps the most important reason for this is that the
capability of IVCis limited to intravascular volume status. The fact
is the vessels may dilate slightly, and excess fluid accumulation
realizes, especially in extravascular compartments.

Discussion

The limitation of IVC measurement on the assessment of
extravascular fluid volume reduces the reliability in children on
hemodialysis. Secondly, change in cIVC may not correlate with
the extreme variation in the fluid status of the patients. The
difficulty in obtaining adequate images, and the unsuitability in
patients who are unable to cooperate with holding their breath,
are other limitations.

Haciomeroglu et al. compared the change in clVC before and
after hemodialysis, and showed a significant increase in clVC after
haemodialysis as expected [18]. However, they did not measure
the volume overload degree and did not search for the correlation
with cIVC. In a small sample observational study, Allinovi et al.
evaluate the accuracy of BIS, cIVC, and LUS in detecting fluid
overload in children with ESRD [13]. As mentioned before, they
concluded that LUS might be superior to cIVC measurement and
BIS in detecting volume overload in children with ESRD. There
was a non-significant negative linear relationship between fluid
overload by weight and cIVC (r=-0.24). However, clinically, most
of the patients (82%) were considered as euvolaemic, and 14% of
the patients were dehydrated. Median fluid overload by weight
for all assessments was 0.5% (range -5.0 to 6.0%). It is no surprise
that they could not show correlation between clVC and fluid
overload with this patient population. In our study, there was a
moderate negative correlation between the predialysis clVC and
predialysis fluid overload (r=-0.599). Furthermore, we showed
that cIVC could successfully predict fluid overload and severe fluid
overload (AUROCs 0.80 and 0.76, respectively). The best cutoff
point for cIVC was < 23.5 for overhydration, and < 18.2 for severe
over hydration. We found cIVC measurement, in addition to LUS,
resulted in better fluid overload prediction. This study also has
several limitations, as it is the first study that combined LUS and
clVC to predict fluid overload in dialytic children. Randomized
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controlled studies are needed to prove the reliability of the
combined use of LUS and cIVC in the assessment of predialysis
fluid overload.

Conclusion

The number of studies evaluating the reliability of POCUS in
pediatric hemodialysis units has been increasing recently.
However, current information on this regard is scarce. Well-
designed studies with larger samples are needed to prove the
reliability of the use of lung ultrasound and cIVCin the assessment
of predialysis fluid overload in children.
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