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Första levnadsveckan: 
Fysiologi skiljer sig från äldre barn

- Volym. Om endast intravenöst är möjligt: börja med 60-80 ml/kg/dygn.
Öka under en vecka till max 120 ml/kg/dygn (givet att barnet är under 
återhämtning). Om enteral tillförsel är möjligt kan ev. större volym ges. 

- Natrium-tillsats i glukosinfusion skall i normalfallet inte överstiga 40 
mmol/1000 ml, oftast räcker 20.

Nyfödda tolererar under första levnadsveckan normalt endast låg 
natriumtillförsel och skall helst minska i vikt.



Fluid balance in PICU

Cumulative accumulation of fluid results in fluid overload and if severe, is likely to 
result in organ dysfunction.

Early achievement of negative fluid balance is associated with an increased survival.
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Abstract Purpose: The purpose
of this study was to evaluate the
association between early fluid accu-
mulation and mortality in children
with shock states. Methods: We
retrospectively reviewed children
admitted in shock states to the pedi-
atric intensive care unit (ICU) at a
tertiary level children’s hospital over
a 7-month period. The study was
designed as a matched case–control
study. Children with early fluid
overload, defined as fluid accumula-
tion of C10 % of admission body
weight during the initial 3 days, were
designated as the cases. They were
compared with matched controls
without early fluid accumulation.
Cases and controls were matched for
age, severity of illness at ICU
admission and need for organ support.
They were compared with respect to
all-cause ICU mortality and other

secondary outcomes. Results: A
total of 114 children (age range
0–17.4 years; N = 42 cases and 72
matched controls) met the study cri-
teria. Mortality rate was 13 % (15/
114) in this cohort. Multivariable
logistic regression analysis identified
the presence of early fluid overload
[adjusted odds ratio (OR) 9.17, 95 %
confidence interval (CI) 2.22–55.57],
its severity (adjusted OR 1.11, 95 %
CI 1.05–1.19) and its duration (ad-
justed OR 1.61, 95 % CI 1.21–2.28)
as independent predictors of mortal-
ity. Cases had higher mortality than
the controls (26 vs. 6 %; p 0.003),
and this difference remained signifi-
cant in the matched analysis (37 vs.
3 %; p 0.002). Conclusion: The
presence, severity and duration of
early fluid are associated with
increased ICU mortality in children
admitted to the pediatric ICU in
shock states.
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Introduction

Early, rapid fluid resuscitation to restore hemodynamic
integrity is the cornerstone to managing shock [1] and a
strategy which has been championed by the early goal-
directed therapy of the Surviving Sepsis Campaign [2].

However, fluid administered to critically ill children
during the resuscitative phase has the potential to
accumulate for many reasons, including increased
capacity of the intravascular space, third-spacing and a
decreased ability of the kidneys to excrete the excess
fluid. There has been limited evaluation of the impact
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Shock states (n=114). Median age 1.1 year. Total mortality 13%.

Early fluid overload (EFO) = > 10% within 3 days

Mortality EFO 26 % vs non-EFO 6 %. (p=0.003)

a factor in the matching algorithm. A similar matched
analysis in a subgroup of non-ECLS patients continued to
show a difference in mortality between EFO and Non-
EFO groups (Table 4, ESM Table 3). The EFO group
also showed a trend towards increased need for RRT in
both the primary matched analysis and the non-ECLS
subgroup analysis.

Survival analysis

The univariate Cox-proportional hazards model showed
a higher hazard ratio of death for patients of the EFO

group compared to those of the Non-EFO group (HR
4.17, p = 0.02). Early fluid overload was adjusted for
age group, severity of illness (PIM 2 score), respiratory
failure, vasopressor need, infectious diagnosis, reason for
ICU admission and oncology diagnosis in a multivari-
able model. Significant factors in the final model after
the stepwise procedure included early fluid overload
(adjusted HR 7.27, p 0.003), severity of illness (adjusted
HR 1.04, p = 0.001), infectious diagnosis (adjusted HR
13.65, p 0.03) and underlying oncology diagnosis (ad-
justed HR 16.98, p 0.03). ESM Fig. 1 shows the
adjusted survival curves for the EFO and Non-EFO
groups.

Fig. 1 Fluid accumulation during the first 7 days (Day 0 to Day 7)
of admission to the intensive care unit (ICU) in survivors vs. non-
survivors. Plot on left Mean cumulative fluid accumulation, plot on
right mean daily fluid accumulation. Fluid accumulated is shown
on the y-axis and expressed as a percentage of admission body

weight. Black curve Survivors, gray curve non-survivors. Error
bars indicate standard errors of mean. Survivors and non-survivors
are compared using the Student t test (significance:**a = 0.001,
*a = 0.05

Table 2 Results of the multivariable logistic regression analysis

Predictor variablea Univariable OR (95 % CI) Multivariable ORb (95 % CI)

Early peak cumulative fluid accumulation (initial 3 days) 1.10 (1.05, 1.17) 1.11 (1.05, 1.19)
Peak cumulative fluid accumulation (initial 7 days) 1.09 (1.05, 1.14) 1.13 (1.07, 1.23)
Presence of early fluid overload 6.03 (1.90, 23.16) 9.17 (2.22, 55.57)
Duration of fluid overload 1.49 (1.19, 1.91) 1.61 (1.21, 2.28)

OR, Odds ratio; CI, confidence interval
a There was a significant correlation between the different fluid
accumulation-based predictor variables. Hence, each of these was
tested in separate logistic regression models
b The covariates included in the initial multivariable models were
age group, duration of hospitalization prior to ICU transfer, pres-
ence of infectious diagnoses, reason for ICU admission, presence of

oncologic disease(s), severity of illness (PIM 2 score), presence of
respiratory failure, need for vasopressor support and presence of
renal dysfunction. After stepwise procedure, final models included
severity of illness, duration of hospitalization prior to ICU transfer,
need for vasopressor support and presence of infectious diagnosis.
Multivariable odds ratios reported are for the final models
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In critically ill children, acute kidney injury (AKI) is a serious and com-
mon complication, often accompanied by fluid overload and associ-
ated with increased morbidity and mortality.1,2 Liberal fluid therapy 
has traditionally been used to prevent and to manage AKI. However, 
there is no evidence for its beneficial effect on renal function.3 In 
contrast, there is emerging evidence for an association between a 
positive fluid balance and the development of AKI.4

Patients with multiple organ failure (MOF) often receive large 
volumes of resuscitation fluids, making this group especially prone 
to develop fluid overload. Although intravascular volume needs to be 
restored by fluid resuscitation in shock states and during major sur-
gery, a too generous approach might not be beneficial,5-7 and early 
fluid overload is an independent predictor of mortality in critically ill 
children.6 Moreover, several reports have shown that fluid overload 
at the time of continuous renal replacement therapy (CRRT) initia-
tion is associated with mortality in children, independently of the 
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Background: Patients with multiple organ failure (MOF) often receive large amounts 
of resuscitation fluid, making them at high risk of fluid overload (FO). Our main 
objective was to investigate if the ability to achieve a negative fluid balance during 
the first 3 continuous renal replacement therapy (CRRT) days was associated with 
mortality in children with MOF.
Methods: Retrospective cohort study in a tertiary multidisciplinary academic paedi-
atric hospital. The study included 63 patients (age 0-18 years) with 3 or more failing 
organs receiving CRRT due to acute kidney injury and/or fluid overload.
!;v�Ѵ|vĹ�The median age was 4 months, and PICU mortality was 29%. Survivors had 
significantly lower degree of FO at CRRT initiation, (median 15% (Interquartile range 
9-22)) than non-survivors (24% (17%-37%), P = 0.002). On PICU admission, PIM-3 
score was significantly higher in non-survivors (P = 0.01), but at CRRT initiation there 
was no difference in PELOD-2 score (P = 0.98). Mortality in patients achieving a cu-
mulative net negative fluid balance during the first 3 days after CRRT initiation was 
12%, compared to 86% in those not achieving this (P < 0.0001). In multivariate analy-
sis, the inability to achieve a net negative fluid balance during 3 days after CRRT ini-
tiation (P < 0.0001) and FO >20% at CRRT initiation (P = 0.0019) remained associated 
with mortality.
�om1Ѵ�vbomĹ�Our results suggest that early fluid removal is associated with improved 
patient outcome in critically ill children receiving CRRT, and that prompt measures 
should be taken to prevent fluid overload in critical illness. These results need to be 
verified in further, prospective studies.
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A fluid overload of >20% at the time of CRRT initiation was as-
sociated with mortality, confirming results from previous studies on 
paediatric CRRT-patients.5,16,32 In shock states, the initial fluid resus-
citation is essential but further fluid resuscitation beyond that point 
likely results in fluid accumulation which might contribute to organ 
failure.5,16 The patients in our cohort were severely ill with MOF, 
and fluid overload was considerable, especially in non-survivors who 

also accumulated more fluid than survivors from ICU admission to 
CRRT initiation. These results emphasise the hazard of early fluid 
accumulation in critically ill children. An increasing awareness of the 
risk of fluid overload in critically ill patients has evolved in recent 
years.33 In adult ICU patients with AKI, fluid accumulation at even 
moderate levels (5%-10%) has been associated with mortality.4 Our 
results support the use of strategies to avoid excessive fluid admin-
istration from ICU admission until CRRT initiation.

Previous studies have shown that MOF is a risk factor for mortal-
ity in paediatric CRRT patients.9,11 The overall PICU mortality in our 
cohort of patients with MOF was 29%. This is lower than in previous 
studies on paediatric CRRT patients describing mortality numbers in 
the range of 40%-50%.9-11,16,34-36 However, heterogeneous popula-
tions, varying CRRT practices and technical improvements over time 
make it hard to directly compare mortality between studies.

The prescribed dialysis dose did not differ between survivors 
and non-survivors. When considering the efficiency of CRRT, cir-
cuit life span does not take into account the downtime of CRRT 
between filter changes, and how fast CRRT can be restarted. We 
used the fraction delivered/prescribed dialysis dose to elucidate 
possible differences in delivered dialysis dose and time on CRRT. 
In the multivariate analysis, neither a lower fraction delivered/pre-
scribed dialysis dose nor a shorter circuit life span during the first 3 
days after CRRT initiation were predictors of mortality. This could 
indicate that fluid removal by CRRT may have a greater impact on 
patient outcome than the solute clearance.

Distinct characteristics of the studied cohort were young age 
and a high degree of illness. Newborns made up almost 40% of the 
total cohort. Degree of illness on admission (PIM-3, P = 0.004) and 
PICU mortality (P = 0.005) was higher among infants as compared 
to older children. Likely, technical problems related to small catheter 
size/small vessels occurred more often in infants. In addition, it is 
our experience that platelet infusions are more frequently needed 
in infants as compared to older children. These factors could possi-
bly lead to shorter circuit life spans with lower ability to achieve a 
negative fluid balance.
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The main strengths of this study are that patients were consecutively 
included and the robust and detailed information of all included vari-
ables extracted from our database.

$���� �ƒՊOutcomes by fluid balance

Variable
All patients  
n = 63

�ovb|b�;�=Ѵ�b7�0-Ѵ-m1;�ƒ�7-�v�
-=|;u��!!$� 
n = 14

�;]-|b�;�=Ѵ�b7�0-Ѵ-m1;�ƒ�7-�v�
-=|;u��!!$� 
n = 49 P

PICU mortality, n, % 18 (29) 12 (86) 6 (12) <0.0001

CRRT free days at day 30, days, 
median (IQR)

19 (2-25) 2 (0-4.5) 23 (6-26) 0.0002

Ventilator free days at day 30, 
days, median (IQR)

6 (0-23) 0 (0-0.25) 17 (0-25) 0.0003

Abbreviations: CRRT, continuous renal replacement therapy; IQR, interquartile range; PICU, paediatric intensive care unit.


��&!��ƑՊFluid overload in survivors (red) and non-survivors (blue) 
among children with multiple organ failure treated with continuous 
renal replacement therapy from admission until 3 days after CRRT 
initiation (upper panel) and during the first week in the PICU (lower 
panel). Fluid overload (%) = (fluid in-fluid out)/(PICU admission 
weight) × 100% + fluid balance at admission. Values are given as 
median and interquartile range. Adjusted P values (*P < 0.05 and **P 
< 0.01, respectively) by Mann-Whitney U test between survivors 
and non-survivors at each time point, with Bonferroni correction for 
multiple testing (n = 5 time points (upper panel) and n = 8 in (lower 
panel). Abbreviations: 1, 2 and 3 days after CRRT initiation; Adm, 
admission, bw, body weight; CRRT, CRRT initiation; PICU, paediatric 
intensive care unit



Association Between Fluid Balance and Outcomes
in Critically Ill Children
A Systematic Review and Meta-analysis
Rashid Alobaidi, MD; Catherine Morgan, MD, MSc; Rajit K. Basu, MD; Erin Stenson, MD; Robin Featherstone, MLIS;
Sumit R. Majumdar, MD, MPH; Sean M. Bagshaw, MD, MSc

IMPORTANCE After initial resuscitation, critically ill children may accumulate fluid and develop
fluid overload. Accruing evidence suggests that fluid overload contributes to greater
complexity of care and worse outcomes.

OBJECTIVE To describe the methods to measure fluid balance, define fluid overload, and
evaluate the association between fluid balance and outcomes in critically ill children.

DATA SOURCES Systematic search of MEDLINE, EMBASE, Cochrane Library, trial registries,
and selected gray literature from inception to March 2017.

STUDY SELECTION Studies of children admitted to pediatric intensive care units that
described fluid balance or fluid overload and reported outcomes of interest were included.
No language restrictions were applied.

DATA EXTRACTION AND SYNTHESIS All stages were conducted independently by 2 reviewers.
Data extracted included study characteristics, population, fluid metrics, and outcomes.
Risk of bias was assessed using the Newcastle-Ottawa Scale. Narrative description of fluid
assessment methods and fluid overload definitions was done. When feasible, pooled analyses
were performed using random-effects models.

MAIN OUTCOMES AND MEASURES Mortality was the primary outcome. Secondary outcomes
included treatment intensity, organ failure, and resource use.

RESULTS A total of 44 studies (7507 children) were included in this systematic review and
meta-analysis. Of those, 27 (61%) were retrospective cohort studies, 13 (30%) were prospective
cohort studies, 3 (7%) were case-control studies, and 1 study (2%) was a secondary analysis of a
randomized trial. The proportion of children with fluid overload varied by case mix and fluid
overload definition (median, 33%; range, 10%-83%). Fluid overload, however defined, was
associated with increased in-hospital mortality (17 studies [n = 2853]; odds ratio [OR], 4.34
[95% CI, 3.01-6.26]; I2 = 61%). Survivors had lower percentage fluid overload than nonsurvivors
(22 studies [n = 2848]; mean difference, −5.62 [95% CI, −7.28 to −3.97]; I2 = 76%). After
adjustment for illness severity, there was a 6% increase in odds of mortality for every 1%
increase in percentage fluid overload (11 studies [n = 3200]; adjusted OR, 1.06 [95% CI, 1.03-
1.10]; I2 = 66%). Fluid overload was associated with increased risk for prolonged mechanical
ventilation (>48 hours) (3 studies [n = 631]; OR, 2.14 [95% CI, 1.25-3.66]; I2 = 0%) and acute
kidney injury (7 studies [n = 1833]; OR, 2.36 [95% CI, 1.27-4.38]; I2 = 78%).

CONCLUSIONS AND RELEVANCE Fluid overload is common and is associated with substantial
morbidity and mortality in critically ill children. Additional research should now ideally focus
on interventions aimed to mitigate the potential for harm associated with fluid overload.

JAMA Pediatr. 2018;172(3):257-268. doi:10.1001/jamapediatrics.2017.4540
Published online January 22, 2018.
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17 studies. (n=2853)

Fluid overload was associated with increased in-hospital mortality. 
OR 4.34 (3.01-6.26)

After adjustment of illness severity: 6% increase in odds of mortality for every 1% 
increase in fluid overload. 
OR 1.06 (1.03-1.10)
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Maintenance fluid therapy and fluid 
creep impose more significant fluid, sodium, 
and chloride burdens than resuscitation fluids 
in critically ill patients: a retrospective study in a 
tertiary mixed ICU population
Niels Van Regenmortel1,2* , Walter Verbrugghe1, Ella Roelant3, Tim Van den Wyngaert4,5 
and Philippe G. Jorens1,5

© 2018 The Author(s)

Abstract 
Purpose: Research on intravenous fluid therapy and its side effects, volume, sodium, and chloride overload, has 
focused almost exclusively on the resuscitation setting. We aimed to quantify all fluid sources in the ICU and assess 
fluid creep, the hidden and unintentional volume administered as a vehicle for medication or electrolytes.

Methods: We precisely recorded the volume, sodium, and chloride burdens imposed by every fluid source adminis-
tered to 14,654 patients during the cumulative 103,098 days they resided in our 45-bed tertiary ICU and simulated the 
impact of important strategic fluid choices on patients’ chloride burdens. In septic patients, we assessed the impact of 
the different fluid sources on cumulative fluid balance, an established marker of morbidity.

Results: Maintenance and replacement fluids accounted for 24.7% of the mean daily total fluid volume, thereby 
far exceeding resuscitation fluids (6.5%) and were the most important sources of sodium and chloride. Fluid creep 
represented a striking 32.6% of the mean daily total fluid volume [median 645 mL (IQR 308–1039 mL)]. Chloride levels 
can be more effectively reduced by adopting a hypotonic maintenance strategy [a daily difference in chloride burden 
of 30.8 mmol (95% CI 30.5–31.1)] than a balanced resuscitation strategy [daily difference 3.0 mmol (95% CI 2.9–3.1)]. In 
septic patients, non-resuscitation fluids had a larger absolute impact on cumulative fluid balance than did resuscita-
tion fluids.

Conclusions: Inadvertent daily volume, sodium, and chloride loading should be avoided when prescribing main-
tenance fluids in view of the vast amounts of fluid creep. This is especially important when adopting an isotonic 
maintenance strategy.

Keywords: Fluid therapy, Maintenance fluids, Fluid overload, Fluid creep, Chloride, Sodium, Hyperchloremia

*Correspondence:  niels.vanregenmortel@uza.be 
1 Department of Intensive Care Medicine, Antwerp University Hospital, 
Wilrijkstraat 10, 2650 Edegem, Antwerp, Belgium
Full author information is available at the end of the article

Fluid creep = A hidden and unintentional volume as a vechle for medication and/or electrolytes. 

n=14654

All fluid sources in the ICU were quantified, including fluid creep. The volume, sodium and chloride 
burdens were characterised. 

Maintenance fluid 24,7%, Resuscitation fluid 6,5%, Fluid creep 32,6%
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losses should have been corrected during the first 1 or 
2 days. Fluid creep was responsible for at least a quarter 
of the mean total volume on any given day and became 
the main fluid source from the fourth day onwards. "e 

absolute and relative volumes of the various fluid sources 
appeared to be remarkably similar in each of the admis-
sion-type subgroups (medical, elective surgery, emer-
gency surgery, and trauma), apart from the slightly lower 

First day of admission
Resuscita!on fluids
Blood products
Maintenance/Replacemen
Nutri!on and Oral fluids
Fluid creep

Second day of admission
Resuscita!on fluids
Blood products
Maintenance/Replacemen
Nutri!on and Oral fluids
Fluid creep

Third day of admission
Resuscita!on fluids
Blood products
Maintenance/Replacemen
Nutri!on and Oral fluids
Fluid creep

Fourth day of admission 
Resuscita!on fluids
Blood products
Maintenance/Replacemen
Nutri!on and Oral fluids
Fluid creep

Fi"h day of admission
Resuscita!on fluids
Blood products
Maintenance/Replacemen
Nutri!on and Oral fluids
Fluid creep

36.1%

26.3%
6.2%

34.7%
34.3%
24.4%
2.5%
4.2%

31.9%
22.8%
35.7%

Mean cumula!ve fluid balance 2,216 ± 5,111 2,834 ± 4,147 3,404 ± 4,613 2,619 ± 4,887

1.8%
4.3%

31.7%
25.9%
2.8%
4.5%

33.4%
25.4%

41.3%
6.6%

19.6%

28.3%
14,0%
43.4%
3.6%

10.6%

Mean cumula!ve fluid balance 1,922 ± 4,430 2,326 ± 3,395 2,961 ± 4,076 2,259 ± 4,200

Mean cumula!ve fluid balance 1,020 ± 2,618 758 ± 1,720 1,391 ± 2,412 1,022 ± 2,346

Mean cumula!ve fluid balance 1,517 ± 3,590 1,709 ± 2,607 2,223 ± 3,310 1,732 ± 3,346

Mean cumula!ve fluid balance 390 ± 1,402

5.0%

33.3%
30.9%
29.6%
2.0%
4.2%

11.2%
46.4%
4.2%

10.5%

30.8%
18.8%
40.5%
3.0%
6.8%

33.4%
33.5%
26.9%

3.1%
6.5%

33.8%

27.7%

32.4%
25.9%
34.5%
2.2%

29.1%
21.0%
41.1%
2.4%
6.4%

31.7%
27.9%
32.6%
2.0%
5.3%

n = 7,278

Total mean daily fluid volume 2,171 ± 1,414

Mean dura!on of ICU-daya 19.4 ± 7.9

n = 9,877

Total mean daily fluid volume

49.9%
1.9%

10.7%

31.4%
3.4%
6.5%

30.0%
16.2%
38.8%

2,172 ± 1,338 1,788 ± 1,311 2,501 ± 1,568

20.2 ± 7.4 16.5 ± 9.1 20.0 ± 7.4

n = 5,336 n = 2,106 n = 2,435

21.1%

26.0%
7.7%

37.0%
8.1%

27.4%
4.4%

48.9%
2.8%

Total mean daily fluid volume 2,224 ± 1,222 1,935 ± 1,314 2,563 ± 1,364 2,277 ± 1,289

Mean dura!on of ICU-daya 21.1 ± 6.7 18.1 ± 8.6 20.9 ± 6.7 20.6 ± 7.0

n = 3,368 n = 755 n = 1,520 n = 5,643

Total mean daily fluid volume 2,201 ± 1,256 1,761 ± 1,257 2,536 ± 1,412 2,212 ± 1,322

Mean dura!on of ICU-daya 20.8 ± 6.9 16.8 ± 9.1 20.7 ± 7.0 20.1 ± 7.5

21.2%
2.9%
4.1%

32.8%

n = 4,153 n = 1,247 n = 1,878

29.4%
29.4%
2.5%
4.8%

35.7%

2,628 ± 1,639 2,164 ± 1,544

Mean dura!on of ICU-daya 20.3 ± 7.2 14.4 ± 9.6 20.1 ± 7.4 18.5 ± 8.5

Mean dura!on of ICU-daya 14.3 ± 5.3 16.6 ± 3.2 13.4 ± 5.3 14.8 ± 4.9

n = 6,834 n = 4,290 n = 3,130 n = 14,254

2,274 ± 1,504 1,650 ± 1,385

4.2%
10.7%

25.3%
12.2%

Total mean daily fluid volume 1,682 ± 1,365 1,771 ± 849 1,824 ± 1,544 1,739 ± 1,280

Medical Elec!ve 
Surgery

Emergency 
Surgery & 

Trauma
Whole cohort

n = 7,052 n = 4,396 n = 3,206 n = 14,654
16.4% 20.6%

25.2%
5.4%

40.1%
8.7%

437 ± 1,524 219 ± 1,035 520 ± 1,531

Fig. 2 Day-per-day proportions of the mean volumes of the different fluid types, administered during the first 5 days of ICU stay. aFirst day of admis-
sion runs from time of admission until 8:00 AM; day of discharge runs from 8:01 AM until time of discharge

Största volyms-, natrium- och kloridbelastningen 
kommer från underhållsvätska och Fluid creep
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Abstract

Background: Fluid therapy is a cornerstone of pediatric intensive care medicine. We aimed at quantifying the load
of water, sodium and chloride due to different fluid indications in our pediatric intensive care unit (PICU). We were
particularly interested in the role of fluid creep, i.e. fluid administered mainly as the vehicle for drugs, and the
association between sodium load and water balance.

Methods: Critically ill children aged ≤3 years and invasively ventilated for ≥48 h between 2016 and 2019 in a single
tertiary center PICU were retrospectively enrolled. Need for renal replacement therapy, plasmapheresis or parenteral
nutrition constituted exclusion criteria. Quantity, quality and indication of fluids administered intravenously or
enterally, urinary output and fluid balance were recorded for the first 48 h following intubation. Concentrations of
sodium and chloride provided by the manufacturers were used to compute the electrolyte load.

Results: Forty-three patients (median 7 months (IQR 3–15)) were enrolled. Patients received 1004 ± 284 ml of water
daily (153 ± 36 ml/kg/day), mainly due to enteral (39%), creep (34%) and maintenance (24%) fluids. Patients received
14.4 ± 4.8 mEq/kg/day of sodium and 13.6 ± 4.7 mEq/kg/day of chloride, respectively. The majority of sodium and
chloride derived from fluid creep (56 and 58%). Daily fluid balance was 417 ± 221 ml (64 ± 30 ml/kg/day) and was
associated with total sodium intake (r2 = 0.49, p < 0.001).

Conclusions: Critically ill children are exposed, especially in the acute phase, to extremely high loads of water,
sodium and chloride, possibly contributing to edema development. Fluid creep is quantitatively the most relevant
fluid in the PICU and future research efforts should address this topic in order to reduce the inadvertent water and
electrolyte burden and improve the quality of care of critically ill children.

Keywords: Fluid overload, Maintenance fluids, Hyperchloremia, Fluid therapy, Intensive care units, pediatric,
Sodium, Chloride, Water-electrolyte balance
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n=43. 

Age: £ 3 years

Invasively ventilated >
48h. 

High sodium and chloride 
dose (14 mmol/kg/day)

out by other authors [14, 24], also in our patients the
quantitative role of fluid boluses/fluid resuscitation and
blood components was minor. Given the quantitative
amount and the composition of employed fluid creep, it
is not surprising that this category of fluids represented
the major source of sodium (56% of total sodium input,
Fig. 2). Overall, the sodium load exceeded approximately
10 times the recommended sodium input [21]. Of
course, it is likely that the recommended sodium inputs

might not be sufficient for critically ill patients with al-
tered vascular permeability, i.e. in patients with relative
hypovolemia. Nevertheless, the administration of 56% of
this load was inadvertent, i.e., from fluids administered
as vehicle for intravenous drugs and to guarantee pa-
tency of indwelling intravascular catheters, namely fluid
creep. It is therefore conceivable that this sodium load
was not a therapeutic choice, but rather a side effect of
other therapies. It might be interesting underling the fact

Fig. 2 The three pie charts represent the percentage contribution of each fluid category to water, sodium and chloride input. Percentages are
reported numerically within the slice for Fluid Creep, Enteral Fluid and Maintenance fluids. Both fluid resuscitation and blood components contributed
approximately 2% to water, sodium and chloride input. The “exploded” pie slice refers to Fluid Creep

Fig. 3 Correlation between total sodium intake and cumulative 48-h fluid balance. Fluid balance was calculated as total fluid intake (parenteral
and enteral) – urinary output. The regression line (y = 168 + 3.3 x; r2 = 0.49, p < 0.0001) and 95% confidence band are reported
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Vikt            Vätska per dygn        Vätska per timma

2-10 kg                  100 ml/kg    4 ml/kg

10-20 kg     1000 ml + 50 ml   3-4 ml/kg
                  för varje kg över 10 

> 20 kg                  1500 ml + 20 ml/kg   2-3 ml/kg
                  för varje kg över 20.

Spädbarn (0-1 år upp till 10 kg) postoperativt och/eller med invasiv ventilation får oftast 80-100 
ml/kg/dygn i total vätska.

Spädbarn i stabil/återhämtningsfas som huvudsakligen försörjs enteralt/peroralt får ca 150 
ml/kg/dygn. 

Barn> 1år/10 kg får postoperativt eller under intensivvård i den akuta fasen ca 60-70 % av 
volymerna ovan. När patienterna stabiliseras ökas till ca 85%. 

Basalt vätskebehov



Fluid for maintenance/nutrition

Fluid for ongoing losses (1%-rule).

Fluid for resuscitation

Blood products

Fluid creep (fluid for drug dilution – injection/infusion, flush)
Dissolve drugs in smaller volumes, use glucose 5% instead of NaCl, switch to 
orally administered drugs whenever possible.  

Fluid requirement



Normala vätskeförluster

 Prematur Spädbarn Vuxen 

Perspiratio 
insensibilis 

2-3 ml/kg 1 ml/kg 0,5 ml/kg 

Diures 2-3 ml/kg 2 ml/kg 1 ml/kg 

 

 

(per timma)



Holliday-Segar equation
• Requirements of electrolyte free water (EFW) is based upon 

metabolic rate, equating 1 ml if water with a fixed consumption of 1 
kcal. 

• Due to low nutritional requirements during the acute phase of 
critical illness, the fluid volume can often be reduced by as 
much as 40-50 %.

Fluid for nutrition



Total energy expenditure healthy infant

Total energy expenditure in healthy 
infants
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Total energy expenditure in critically ill infant

Total energy expenditure typically 
seen in mechanically ventilated 

critically ill infants
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Ongoing fluid losses

In general, replace losses >1% with albumin 5% or balanced solutions, (Plasmalyte 
may be used to reduce chloride load).

Pyloric stenosis  



Fluid for resuscitation

In septic shock, try not to exceed 30 (60) ml/kg during the first hour.

Consider catecholamine infusion early.

Echocardiography 

Keep in mind other possible diagnosis such as ductus dependent heart 
malformations and metabolic diseases (hyperammonemia).



Sammanfattning vätskebalans
Sträva efter att undvika vätskeöverskott som överskrider 10 %.

1.Vätskerestriktion. 
2. Koncentrera läkemedel vb, ev. späda med Glukos
3. Diuretika - för att undvika diuretikaresistens: 
- Starta tidigt kontinuerlig infusion furix om dåligt svar på bolus.
- Teofyllamin o/e hANP samt addera ev tiazid. 
- Undvik nefrotoxiska läkemedel (Gentamycin). 

4. Lätt ökat MAP (pressure natriuresis)
5. Undvik metabol acidos (hyperkloremi). 
6. Starta CRRT vid 15% övervätskning om kumulativ negativ vätskebalans 
    inte uppnås med maximal diuretikabehandling.
7. Räkna in all vätska i vätskebalans, inklusive flush på spädbarn.



Nutrition in the PICU (including term newborns)



Energy reserves



Short- vs longstyers

• Median length of stay in the PICU 2 days
• In general, patients staying shorter than 4-5 days do not constitute a 

nutritional problem in the PICU
• Long-stayers are more prone to malnutrition and to suffer side-effects 

of under- or overfeeding.
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Primary outcomes
Fewer new infections (mainly bloodstream or airway) 10,7 in late compared to 18,5 % in early . 
OR:0.48 (0.35-0.66). 
-Beneficial for malnourished patients. Similar effects in neonates and older children OR in 
neonates 0,47. 

-Shorter PICU-stay: 2,7 days. (95% CI, 1.3 to 4.3).

Secondary outcomes
-Less time on mechanical ventilation,
-Less kidney failure, 
-Increased likelihood of earlier live discharge from PICU and hospital.

RCT. 3 sites. Early (within 24 hours) initiation (n=723) of PN vs late (day 8) initiation (n=717) was compared.
Term newborns – 17 years



Predefined posthoc study 

Average intake of glucose, lipids and amino acids  was 
investigated with possible associations with:

- Likelihood of acquiring a new infection in the PICU

- Likelihood of earlier weaning from mechanical ventilation

- Likelihood of earlier alive discharge





Iv glukos+vitaminer
+spårämnen 
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Enteral nutrition 

Ev. komplettering med parenteral 
nutrition 

Hög risk för övernutrition 
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Early enteral feeding



Tips enteral nutrition

Undvik tillsatser tillsdess att patienten är uppe i fulla mål (osmolaritet och hög 
proteintillförsel medför långsam ventrikeltömning.

Starta med kontinuerlig tillförsel första dagarna.

Naloxone enteralt om behandling med opiat, ev tillägg av Erytromycin. 

Movicol/ev klyx.

Postpylorisk sond.  



Tack för uppmärksamheten


