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Abstract
Intravenous maintenance fluid therapy (IV-MFT) is probably the most prescribed drug in paediatric hospital care. Recently paediat-
ric societies have produced evidence-based practice guidelines that recommend the use of balanced isotonic fluid when prescribing
IV-MFT in both acute and critical paediatric care. Unfortunately, the applicability of these guidelines could be called into question
when a ready-to-use glucose-containing balanced isotonic fluid is not available. The main objective of this study was to describe
the availability of glucose-containing balanced isotonic fluids in European and Middle Eastern paediatric acute and critical care
settings. This work is an ancillary study of the survey dedicated to IV-MFT practices in the paediatric acute and critical care set-
tings in Europe and Middle East, a cross-sectional electronic 27-item survey, emailed in April-May 2021 to paediatric critical
care physicians across 34 European and Middle East countries. The survey was developed by an expert multi-professional panel
within the European Society of Peadiatric and Neonatal Intensive Care (ESPNIC). Balanced isotonic fluid with glucose 5% was
available for only 32/153 (21%) responders. Balanced isotonic fluid with glucose 5% was consistently available in the UK (90%)
but not available in France, Greece, The Netherlands and Turkey.

Conclusion: Ready-to-use isotonic balanced IV solutions containing glucose in sufficient amount exist but are inconsist-
ently available throughout Europe. National and European Medication Safety Incentives should guarantee the availability
of the most appropriate and safest [IV-MFT solution for all children.

What is Known:
o Intravenous maintenance fluid therapy (IV-MFT) is probably the most prescribed drug in paediatric hospital care.
® Balanced isotonic fluid is recommended when prescribing IV-MFT in both acute and critical paediatric care.

What is New:

® Balanced isotonic fluid with glucose 5% is available for less than 25% of the prescribers in Europe and the Middle East. Availability of bal-
anced isotonic fluid with glucose 5% varies from one country to another but can also be inconsistent within the same country.

e Clinicians who have access to a ready-to-use balanced isotonic fluid with glucose 5% are more likely to consider its use than clinicians who
do not have access to such an 1V solution.
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Abbreviations

AAP American Academy of Pediatrics

ESPNIC European Society of Pediatric and Neonatal

Intensive Care
v Intravenous

IV-MFT Intravenous maintenance fluid therapy
PICU Paediatric intensive care unit
Introduction

Intravenous maintenance fluid therapy (IV-MFT) is probably
the most prescribed drug in paediatric hospital care [1]. It has
been used for more than a century and yet, it is only recently
that paediatric societies have produced evidence-based practice
guidelines to guide the use of IV fluids in clinical practice
[2, 3]. These guidelines recommend the use of balanced iso-
tonic fluid when prescribing IV-MFT in both acute and criti-
cal paediatric care. Those recommendations were based on
the fact that balanced isotonic fluids were less likely to cause
hyponatremia and metabolic hyperchloremic acidosis, which
have been associated with several severe, potentially deadly,
complications in the pediatric intensive care unit (PICU), such
as neurological impairment, kidney injury or organ dysfunc-
tion [4]. Besides, balanced solutions have also been shown
to reduce the length of both PICU and hospital stay [3]. It
is also recommended to provide the appropriate amounts
of potassium and glucose to prevent children from present-
ing hypokalaemia and hypoglycaemia [2, 3]. However, even
though two international paediatric societies (the American
Academic of Pediatrics (AAP) [2] and the European Society
of Paediatric and Neonatal Intensive Care (ESPNIC) [3]) are
to be commended for these long-awaited guidelines, the appli-
cability and implementation of these guidelines are threatened
by a lack of these fluids available. During the last decade, the
growing interest in the use of balanced crystalloids to prevent
patients from developing clinical complications and mortal-
ity related to hyperchloremia and metabolic acidosis has been
associated with a growing availability of balanced IV fluids
[5]. Unfortunately, amongst this variety of available balanced
IV fluids, very few, or even none in certain countries, contain
glucose. However, glucose content is fundamental for paedi-
atric IV-MFT. In 2022, Morice et al. showed that the absence
of glucose in the solution was the main reason for not pre-
scribing a balanced fluid by 29.4% of the respondents [1]. The
main objective of this study was to describe the availability
of glucose-containing balanced isotonic fluids in European
and Middle Eastern paediatric acute and critical care settings,
performing a complementary analysis of the Morice et al. [1]
survey. The secondary objective was to evaluate the impact of
the absence of paediatric appropriate ready-to-use fluids on
IV-MFT declarative practice.
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Materials and method

This work was an ancillary study of the survey dedicated
to IV-MFT practice in the paediatric acute and critical care
settings in 35 countries in Europe and Middle East [1]. The
study design, the included population and the survey instru-
ment development, content and data collection have previ-
ously been published [1]. This survey was designed to col-
lect a single response per centre.

Data analysis

Data were analysed according to the country of the respond-
ers and according to the availability of balanced isotonic
fluids, with or without glucose 5%. The data analysis was
focused on the questions related to the use of balanced fluids
(Q13, 14, 15, 16) and fluid choices (Q17, 18, 19, 20).

We used a summative score to summarize the results from
Likert scale questions for each participant. Variables distri-
butions were assessed by the Shapiro—Wilk comparison test
and continuous variables were presented as median (min-
max). Categorical variables were presented as number (per-
centage). Comparisons between both groups were made by a
Mann—Whitney U test or a Kruskal-Wallis’s test for continuous
variables as appropriate and by a chi-square test with Monte
Carlo simulation with 2000 replicates for categorical variables.
The level of statistical significance was set at p <0.05. Statis-
tical analyses were performed using open-access R software
(Version 4.2.1; R Foundation for Statistical Computing, Vienna,
Austria). Ethical approval was obtained from the Caen-France
institutional review board (reference number 2474).

Results
Participants’ characteristics

Participants’ characteristics were presented in [1]. The
response rate related to contacted centres was 63%, with
153 centres represented, over 240 contacted. The responses
represented 35 (82%) of the 43 countries surveyed. One par-
ticipant was excluded for practicing in Australia.

Fluid availability according to country

Fluid availability according to the country of the responders
is presented in Table 1. Balanced isotonic fluid with glucose
5% was declared available for only 32 (21%) responders. Bal-
anced isotonic fluid with glucose 5% was consistently avail-
able only in the UK (90%) and totally absent from France,
Greece, The Netherlands and Turkey. The most widely avail-
able fluids were balanced (93.5%) and unbalanced (87.6%)
isotonic fluids without glucose.
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Fig. 1 Characteristics of mainte-
nance intravenous fluid solution,
adapted from [6]. *Adjunction
of glucose is 80 mL of glucose
30% per 500 mL. **Adjunc-

tion of NaCl is 10 mL of NaCl

(2 g/10 mL) per 500 mL in Glu-
cidion or equivalent, and 15 mL
of NaCl (2 g/10 mL) per 500 mL
in Dextrion or equivalent.
***Balanced was assessed on the
basis of the percentage of buffers
relative to the total concentration
of anions. Plasmalyte 148 G5 is
presented in every figure as the
only available reference fluid in
Europe
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—Patmatyte 148 G5~ NECIOOW Plasmatyte 148 Runger's Wactate * hohunang - NSCIO,INGS Ringers Sctstels e ClucisionGs DentrionGs
Osmolarity 572 mosmolLl 308 mosmolL 254 mosmol L 253 mosmol L 309 mosmall 580 mosmolL 525 mosmolL. 460 mosmolL. 393 mosmel L.
Ghacose 5% 0% 0% 0% 0% 8% 5% 5261003 506 (10%)
Na® 140 mmol L. 154 mmol L 140 mamol L. 130 mmol L. 145 mmol L 154 mmolL 130 mmel L 684 mmolL 342 mmolL
ct 98 mmolL 154 menol T 98 mmel L 108 mmol'L 127 mmolL 154 mmolL 108 mmal L 952 mmolL 543 mmolL
b 5 mmelL 0 memol L 5 mmolL 4 mmelL 4 mmolL 0 memol L 4 mamol L 26,8 mmolL 20,1 mmelL
Acemie27mmoll  Nome  Acetme7mmoll Lactae27mmall Coedt Nene Lactate27mmoll  Neme None
Buffers Malate §
Ghiconate 23 mmolL Gluconate 23 mmolL Y
i Moot e | Ringerfindne S
fhaids Isclyte Sterofundine Polyioni 5
Fluids without glucose Fluids with glucose
Tomchy TomicRy
5 5
Selanced Ghcoee Batanced Gucose
Osmolarty Potassium Osmatarity Potassum
Addition of glucose* Addition of NaCl **
in hypotonic fluids
Toricity Tonicy
s s
r.
4.
3
2
Balanced Gaucase Batancea * Gusease
( '
\" o
.
/
A \
\ \
Osmolarity Potassum Osmolarey Potsasium
——— NaCi0 ¥ Plasmatyte Ringer's actate - Isotundine = GucioonGs DextrionGs
Osmelarity 499 mosmelL 479 mosmol L 452 mosmol L 499 mesmel L Osmolarity 585 mosmelL 582 mosmolL
Glucose 41% 41% 41% 41% Ghacose 49% 48%
Na- 133 mmeol L. 121 mmol L 112 mmolL 125 mmol L. Na® 136 mmelL 136 mamol L
Cr 133 mmoL 84,5 mmolL 93 mmolL. 109 mmolL ct 163 mmelL 156 mmol L
K- 0 mmolL 43 mmalL 3.5 mmolL 3,5 mmell K 26,2 mmolL 19,5 mmelL
Buffers None Acetate 233 mmol L Lactate 23 mmel L Acetate 20,7 memolL| Buffers Nane None
Gluconate 19,8 mmolL Malate 43 mmol T
Legend :
Axis units 0 1 2 3 4 5
Tonicity (mmol/L) o 35 70 105 140 | 175
Balanced (%) 0| 10 20 30 40 50
Glucose (%) 0| 1,25 | 2,50 | 3,75 5 6,25
Potassium (mmol/L) 0| 75 15 22.5 30 | 37.5
Osmolarity (mosmol/L) 0| 150 300 450 | 600 | 750
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Impact of country on prescriptions' practices

Responders’ consideration for the importance of balanced
fluids varies considerably between countries in both con-
ventional and critical care unit (SDC 1). Prescription prac-
tices varied considerably between countries (SDC 1). Bal-
anced isotonic fluid was considered in 45.0% of the clinical
situations (from 6.5% in Greece to 83.3% in Poland) and
unbalanced isotonic fluid in 42.8% (from 11.1% in Poland
to 78.5% in Turkey). Hypotonic unbalanced fluid was con-
sidered in 10.5% of the clinical situations (from 0% in the
UK to 30% in Greece). It was consistently the less prescribed
fluid, except in France and in Greece, where it was pre-
scribed more than balanced isotonic fluid.

Impact of fluid availability on prescriptions’ practices

Among the 32 responders who declared having access
to a balanced isotonic fluid with glucose 5%, 23 (71.9%)
reported that balanced isotonic fluid should be always con-
sidered vs 42/121 (34.7%) (p <0.001) in the case of unavail-
ability of a balanced isotonic fluid with glucose 5% (SDC 2).
The availability of a balanced isotonic fluid with glucose 5%
was systematically and significantly associated with a pref-
erence for prescribing this fluid over unbalanced isotonic or
hypotonic crystalloids, notwithstanding the clinical situation
studied (SDC 2).

Discussion

Performing a complementary analysis on the declarative
data of Morice et al. survey [1], focusing on the declared
type of available IV fluids, we have realised that only 21%
of responders have access to a commercialized balanced iso-
tonic fluid containing 5% glucose, which is considered as
the current recommended IV fluid for paediatric IV-MFT.
We have shown that the availability of such a solution var-
ies from one country to another but can also be inconsistent
within the same country. In addition, we have observed that
the availability of a balanced isotonic fluid with 5% glucose
was associated with a higher declarative use of balanced iso-
tonic fluid in almost all the assessed clinical situations. This
inconsistency regarding the availability of these ready-made
balanced solutions is a significant barrier to the implementa-
tion of the recent ESPNIC IV-MFT guidelines into clinical
practices and could explain the obsolete but still current use
of hypotonic IV fluids [1, 6]. This should be reassessed once
a specific model for disseminating these guidelines in clini-
cal practice has been implemented.

In the absence of a ready-to-use appropriate IV fluid for
children, local compounding to make solutions that com-
ply with the recommendations is often required (Fig. 1).

Such manipulations give rise to significant patient risks
regarding the uncertainty in physico-chemical stability,
microbial contamination, prescription and preparation
errors while manipulating electrolytes, as well as alter-
ations of the tonicity and/or the balanced nature of the
original fluid [7]. Some clinicians have considered using
paediatric IV fluids marketed for the peri-operative period
as alternatives that are balanced isotonic fluids with 1%
glucose. ISOPEDIA® (FRESENIUS KABI FRANCE)
and BENELYTE® (FRESENIUS KABI POLSKA) are
the only balanced isotonic glucose-containing crystalloids
available in many European countries. Their marketing
authorisation was obtained in 2017, based on periopera-
tive IV-MFT guidelines in children, which recommended
a 1 to 2.5% glucose concentration [8]. However, this glu-
cose-containing fluid is probably not appropriate for use
outside of the perioperative setting, as they provide insuf-
ficient amount of glucose. No clear consensus exists on
the optimal glucose concentration for paediatric I[IV-MFT.
In the general paediatric setting, 5% glucose concentration
solutions are common and recommended by some medical
societies [9] probably based on Holliday and Segar guid-
ance [6]. Likewise, adult guidelines suggest considering
a daily glucose intake of 1 to 1.5 g/kg/day to prevent fast-
ing ketonemia [10]. We consider that isotonic balanced
solutions which would provide different ranges of glu-
cose (from 1 to 10%) should be favoured and made readily
available on the market to ensure safe IV fluid therapy
for children. In addition, as the insufficient amount of
potassium in some balanced fluids has been called into
question and may contribute to impairing the applicability
of the guidelines, those fluids should be available with a
sufficient amount of potassium for use in standard pae-
diatric IV maintenance therapy [11]. Specific considera-
tions should be made regarding potassium content when
bolus fluids are used or in case of renal failure. Finally,
consideration should be given to cost and packaging. If
these recommendations are to be applicable worldwide,
including in low- and middle-income countries, the rec-
ommended fluids must be available at a reasonable price
[12]. In addition, to overcoming the wide variability in
patient characteristics encountered in paediatric practice,
the recommended fluids should be available in a range of
packaging formats, in order to reduce waste as well as the
environmental footprint of plastic packaging [13].

The limitations inherent to the original survey were pre-
sented in [1]. This study’s specific limitations mainly lie
within the fact that the survey was not originally dedicated to
determining the different fluid availability. It is therefore dif-
ficult to confirm that unavailability of the appropriate fluid
in responding centres of one country reflects the absence of
marketing of the fluid within the country or the simple lack
of product referencing in the responding centre (due to cost

@ Springer
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issues or poor regard to the necessity of the product). This
study was not designed to identify potential stakeholders in
the availability of balanced fluids.

Conclusion

Ready-to-use isotonic balanced IV solutions containing glu-
cose in sufficient amounts exist but are inconsistently avail-
able throughout Europe. National and European Medication
Safety Incentives should guarantee the availability of the
most appropriate and safest [IV-MFT solution for all children.
Our expert group is calling for the rapid commercialization
of appropriate solutions worldwide.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00431-024-05514-6.
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