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Purpose: Maintenance and hidden/creep fluids are a major source of fluid and sodium intake in intensive care
unit (ICU) patients. Recent research indicates that low versus high sodium content maintenance fluids could
decrease fluid and sodium burden. We conducted a systematic review (SR) with meta-analysis to summarize the
impact of maintenance fluid choice on total daily sodium in ICU patients.

Materials and methods: Systematic literature search in Pubmed, Embase, the Cochrane Library and the.

Clinical Trials registry. Only controlled clinical trials were included. Exclusion criteria: trials on resuscitation
fluids, performed in the emergency department only and in pediatric patients. Primary objective was the
reduction in mean total sodium intake with low versus high sodium content maintenance/creep fluids.

Results: Five studies (1105 patients) were included. Heterogeneity was high.Risk of bias was moderate. Mean
daily sodium reduction was 117 mmol (95%Confidence Interval [CI] -174; —59; p < 0.001) with low versus high
sodium content maintenance/creep fluids. Incidence of hyperchloremia was lower (OR 0.26; 95%CI 0.1; 0.64)
with low sodium. There were no differences in the incidences of hyper—/hyponatremia and fluid balances.
Conclusion: Using low sodium content maintenance/creep fluids substantially reduces daily sodium burden in
adult ICU patients. Significant knowledge/research gaps exist regarding relevance and safety.

Trial Registration: PROSPERO 2022 CRD42022300577 (February 2022).

relatively small proportion (i.e. 6-20%) of a typical intensive care unit
(ICU) patient’s fluid intake [2], especially with ongoing duration of ICU
stay. In contrast, non-resuscitation fluids account for 65% and more of
total fluid intake in critically ill patients and thus impose a substantial

1. Introduction

Intravenous fluid therapy is one of the most commonly administrated
treatments in critical care [1-3]. While most attention is usually paid to

resuscitation fluids, other sources of fluid intake are less obvious [4]. In
reality, patients are exposed to a large variety of non-resuscitation fluids
namely maintenance fluids and “hidden” or creep fluids (fluids for drug
administration, to keep lines open and as “flush” fluids) [2,5]. Physi-
cian’s awareness concerning resuscitation fluids has risen considerably
over the past decade [6,7]. However, these fluids only account for a

fluid and sodium burden [2,8,9]. It has been shown that maintenance/
creep fluids are associated with considerable sodium and fluid load
leading to hypernatremia and fluid overload (FO) in critical illness
[2,10]. Hypernatremia and FO in critical care patients are both inde-
pendent risk factors for mortality [11,12]. Thus, recent investigations
have suggested, that the use of solutions containing a reduced sodium
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Fig. 1. PRISMA-Flowchart.

concentration (e.g. 54 mmol/]1 sodium chloride [NaCl]) or no sodium (e.
g. Glucose 5% [G5%]) as maintenance or creep fluid may lead to a
decrease in daily fluid load and ICU acquired hypernatremia [10,13]. In
contrast, others have shown no influence on the incidence of hyper-
natremia but an increased risk of hyponatremia and an association with
more delirium with the use of hypotonic vs isotonic maintenance solu-
tions [14,15]. Thus, it is currently not clear, whether the choice of
maintenance fluid and creep fluid might influence sodium and fluid load

in the critically ill.

Therefore, we aim to conduct a systematic review and meta-analysis
to evaluate the impact of maintenance and hidden/creep fluid choice on
sodium and fluid load in adult ICU patients.

2. Methods

For this systematic review and meta-analysis, we adhered to the
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Table 1

Quality assessment of studies included in the meta-analysis.
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ICU: Intensive care unit; I: Intervention; C: Control; APACHE II: Acute Physiology and Chronic Health Evaluation II score; SD: Standard deviation; G5%: Glucose 5% solution; NS: Normal saline solution; IQR: Interquartile

range.
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Cochrane Collaboration Guidelines for the conduct of systematic re-
views [16], the guidelines for Preferred Reporting Items for Systematic
Reviews (PRISMA) [17] and the MOOSE Reporting Guidelines for Meta-
analyses of Observational Studies [18]. We registered our protocol on
PROSPERO in February 2022 (CRD42022300577).

2.1. In- and exclusion criteria

We included all studies investigating the influence of the type of
maintenance or “creep” fluids on electrolyte and/or fluid status in
critically ill patients. The following types of studies were eligible: ran-
domized controlled trials (RCTs) and non-randomized controlled
studies (i.e. cohort and observational studies with retrospective or
prospective design). Non-controlled trials were excluded. In addition,
the following exclusion criteria were applied: studies not available in
English, studies evaluating resuscitation fluids, studies performed in the
emergency department (ED) only, investigations in children and studies
targeting only highly selected patient populations (e.g. patients with
chronic kidney or heart disease, burn patients). Further, we excluded all
review articles (narrative, systematic, meta-analysis), and case reports.
However, we screened the bibliographies of respective publications for
potential further studies.

2.2. Information sources and search strategy

The search strategy was developed in collaboration with an infor-
mation specialist of the University Library of Bern. Two authors (SMS,
JW) independently performed a systematic search in PubMed, Embase,
and the Cochrane Library databases for articles until the 01st of May
2023. Furthermore, we systematically searched the bibliographies of all
eligible publications, as well as references of reviews, editorials, and
case reports for further potentially eligible trials. Entry terms for the
database search are described in Supplementary Fig. 1. For all trials we
extracted for full text analysis, full texts and data were accessible.

2.3. Study selection, data collection, data extraction and Assessment of
risk of bias

Details on study selection, data collection and extraction and risk of
bias assessment can be found in the online supplement.

2.4. Objectives

The primary objective of this systematic review and meta-analysis
was to evaluate whether maintenance fluid/creep fluid with a low so-
dium content results in a reduction in total daily sodium load in adult
ICU patients compared to the use of solutions with a standard high so-
dium content. Secondary objectives can be found in the online
supplement.

Secondary objectives were whether the choice of sodium content
(high vs low sodium content) for maintenance fluid/creep fluid on the
ICU results in different incidences of hypernatremia, hyponatremia or
delirium/new neurological symptoms, difference in fluid balances and
impacts patient-centred clinical outcomes (mortality, need of renal
replacement therapy (RRT), time on mechanical ventilation (MV), ICU
length of stay (LOS)). The incidences of hypo-, respectively hyper-
chloremia were added as a post-hoc outcome.

2.5. Definitions

Maintenance fluids

Fluids given iv to cover the daily needs of a patient unable to provide
them orally or enterally [4,21]. The administration should be adapted to
the patient’s context and should include ongoing losses [4].

Hidden or creep fluids

Fluids administered as a carrier for oral or enteral medication, for
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Table 2
Characteristics of studies included in the meta-analysis.
Study Study type Study population Sample Intervention Control APACHE
Size I
Okada et al. [14] Single-center ICU patients, after elective surgery I:n =87  Sodium-poor solution (35 Isotonic solution (140 mmol/  Mean (SD)
retrospective before-and- for oesophageal cancer or forhead C:n=92  mmol/L of sodium) L of sodium) as 1:11 (4)
after and neck cancer. as postoperative postoperative maintenance C:12(4)
study maintenance fluid fluid
Bihari et al. [10] Single-center prospective ~ Mixed ICU patients Ln= G5% as drug diluent and NS as drug diluent and Median
before-and-after study 133 maintenance fluid maintenance fluid (IQR)
Cn= 117
146 (13;21)
C:18
(14;23)
Magee CA et al. Single-center prospective =~ Medical ICU patients Ln= G5% as the primary NS as the primary medication =~ Median
[28] before-and-after study 210 medication diluent diluent (IQR)
Cn= 1: 24
216 (19;30)
C: 23
(18;30)
van Regenmortel Single-center Surgical ICU patients undergoing In=33 Na54(54mmol/Lofsodium) Nal54 (154 mmol/L of n/a
N. et al. [13] randomized controlled major thoracic surgery C:n=34 as perioperative sodium) as perioperative

double-blind trial

maintenance fluid maintenance fluid

ROBIN-I: The Risk Of Bias In Non-randomized Studies — of Interventions assessment tool; RoB2: Revised Cochrane risk-of-bias tool for randomized trials.

L Low Risk of Bias; M Moderate Risk of Bias.

Treatment Control Mean Diff.
Study N Mean SD N Mean SD with 95% ClI
Cohort study
Okada M. (2017) 87 179 74 92 328 69 - -149[ -170, -128]
Bihari E. (2018)* 133 158 158 146 227 130 —l— 69 [-102, -35]
Magee C. A. (2018)* 210 64 70 216 128 107 - -63[ -81, -46]
Heterogeneity: 12 = 2611.05, I2 = 95.09%, H? = 20.36 ——ll— 04 [ -154, -34]
Test of 6, = 8;: Q(2) = 40.72, p = 0.00
RCT
Van Regenmortel N. (2019) 33 216 96 34 408 9% —— -192[ -238, -146]
Heterogeneity: 12 = 0.00, I2 = .%, H? = . i -192[ -238, -146]
Test of 6, = 6;: Q(0) =0.00, p =.
Overall ——lll—  -117[-174, -59]

Heterogeneity: 12 = 3135.18, |2 = 94.73%, H? = 18.99
Test of 8, = 6;: Q(3) = 56.96, p = 0.00

Test of group differences: Q,(1) = 6.51, p =0.01

Favors low sodium content

—eeeee.

-250 -200 -150 -100 -50

Fig. 2. Primary outcome Impact of choice of low vs high sodium content maintenance and/or creep fluids on mean daily sodium administration. Sodium-values are
given in mmol. Mean Diff.: Mean Difference. *Mean and standard deviation were calculated by Wan’s method out of n, median and IQR.

flushing of intravenous lines or to keep (arterial or venous) lines open
[2,22].
Hypernatremia: Serum sodium >145 mmol/1 [23].
Hyponatremia: Serum sodium <135 mmol/1 [10].
Hyperchloremia: Serum chloride >106 mmol/1 [10,13,24,25].
Hypochloremia: Serum chloride <96 mmol/1 [10,13,24].

2.6. Data synthesis and statistical analysis

We extracted the data separately using a pre-defined spreadsheet,
following the recommendation by the Cochrane Collaboration hand-
book [16]. We extracted data to calculate effect sizes (odds ratios for
binary outcomes, mean differences for continuous outcomes). The mean
and standard deviation (SD) in the treatment groups were calculated by
Wan’s method out of n, median and interquartile range for continuous

outcomes if the mean and SD was not presented [26]. For the primary
outcome (mean difference of sodium per day) respectively for the sec-
ondary binary outcomes with more than two identified trials (i.e. risk of
hypernatremia, hyponatremia, hyperchloremia, and ICU mortality),
pooled unstandardized mean difference respectively odds ratios (OR)
with 95% confidence intervals (CI) were obtained using a random-effect
model as proposed by DerSimonian and Laird [27]. We assessed het-
erogeneity among trials using I2-statistics. Funnel plots and Egger’s
regression asymmetry test were used to assess publication bias and small
study effects. Stratification according to the study design (RCT vs cohort
trial) was performed and Stata’s test of group differences (significance p
< 0.05) was used to assess difference of the pooled effect sizes of RCTs
vs. cohort trials. We used Stata, version 16.1 (StataCorp, The College
Station, TX, USA) to perform the statistical analysis.
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Table 3
Secondary Outcomes of studies included in the systematic review.
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Study I C Hyper- Hypo- Hypo- Hyper- Delirium  FB
Na Na Cl Cl
Okada et al. [14] Sodium-poor solution (35 mmol/L of Isotonic solution (140 mmol/L of No Yes n/a n/a n/a n/a
sodium): postop. Maintenance fluid sodium):

Postop. Maintenance fluid

Bihari et al. [10] G5%: drug diluent and Maintenance fluid NS: drug diluent and Maintenance No No No Yes n/a Yes
fluid

Magee CA et al. [28] G5%:primary medication diluent NS:primary medication diluent No No n/a Yes n/a n/a

van Regenmortel N. Na54 (54 mmol/L of sodium): periop. Nal54 (154 mmol/L of sodium): No No No Yes n/a Yes

et al. [13] Maintenance fluid periop. Maintenance fluid
Nagae et al. [15] Sodium-poor solution (35 mmol/L of Isotonic solution (140 mmol/L of n/a Yes n/a n/a Yes n/a

sodium): postop Maintenance fluid sodium):

postop Maintenance fluid

I: Intervention; C: Control; Hyper-Na: Hypernatremia; Hypo-Na: Hyponatremia; Hypo-Cl: Hypochloremia; Hyper-Cl: Hyperchloremia; FB: fluid balance; Yes: statis-
tically significant difference between groups; No: no statistically significant difference between groups. N/A: outcome not reported.

a b
Treatment Control Odds Ratio Treatment Control Odds Ratio
Study Hyper-Na N Hyper-Na N with 95% CI Study Hypo-Na N Hypo-Na N with 95% CI
Cohort study Cohort study
Okada M. (2017) 1 86 2 90 0.52[0.05, 5.88] |[Okada M. (2017) 46 41 15 77 —— 576287, 11.54]
Bihari E. (2018)* 23 110 23 123 —.— 1.12[0.59, 2.10] |Bihari E. (2018)* 16 17 16 130 —l— 111[053, 232]
Magee C. A. (2018) 7 203 12 204 —— 0.59[0.23, 1.52] | Magee C. A. (2018) 33 177 34 182 - 1.00[0.59, 1.68]
Heterogeneity: 12 = 0.00, |2 = 0.00%, H? = 1.00 L 4 0.89[0.53, 1.50] [ Heterogeneity: T2 = 0.82, I2 = 88.30%, H2 = 8.55 el 1.84[0.62, 5.48]
Testof 8,=6;:Q(2) =1.42, p=0.49 Test of 8, = 6: Q(2) = 17.10, p = 0.00
RCT RCT
Van Regenmortel N. (2019) 0 33 3 N 0.13[0.01, 2.71] | Van Regenmortel N. (2019) 5 28 0 34 —®— 13.32[0.71, 251.19]
Heterogeneity: 12 = 0.00, 12 = .%, Hz = . ———ee 0.13[0.01, 2.71] | Heterogeneity: T2 = 0.00, I2 = .%, H2 = . et —— 13,32 [ 0.71, 251.19]
Testof 8, = 6;: Q(0) =-0.00, p = . Testof 8, = 6;: Q(0) = 0.00,p =
Overall > 0.85[0.51, 1.41] | Overall e 221[077, 633
Heterogeneity: 12 = 0.00, I? = 0.00%, H? = 1.00 Heterogeneity: 12 = 0.84, I? = 84.22%, H? = 6.34
Testof 6,=6:Q(3) =2.91, p=0.41 Favors low sodium content Favors high sodium content | Test of 8, = 6: Q(3) = 19.01, p=0.00  Favors low sodium content Favors high sodium content
Test of group differences: Q,(1) = 1.49, p = 0.22 Test of group differences: Q,(1) = 1.53, p = 0.22
1128 116 121 2 8 12 1 4 16 64 256
Cc
Treatment Control Odds Ratio
Study Hyper-CI N Hyper-Cl N with 95% CI
Cohort study
Bihari E. (2018)* 19 114 53 93 —— 0.29[0.16, 0.53]
Magee C. A. (2018) 22 188 39 177 —— 0.53[0.30, 0.93]
Heterogeneity: T2 = 0.09, I2 = 51.38%, H? = 2.06 - 0.40[0.22, 0.71]
Test of 6, = 6: Q(1) = 2.06, p=0.15
RCT
Van Regenmortel N. (2019) 4 29 23 11— 0.07[0.02, 0.23]
Heterogeneity: T2 = 0.00, I2 = .%, H? = . —_— e 0.07[0.02, 0.23]
Testof 8, =6, Q(0) =0.00, p=.
Overall i 0.26[0.10, 0.64]
Heterogeneity: 12 = 0.48, |2 = 78.00%, H? = 4.55 . )
Favors high sodium
Test of 8, = 8;: Q(2) = 9.09, p = 0.01 Favors low sodium content content
Test of group differences: Q,(1) = 6.34, p = 0.01
1/50 110 12 1 2

Fig. 3. Secondary outcomes Impact of choice of low vs high sodium content maintenance and/or creep fluids on a) Hypernatremia; b) Hyponatremia; ¢) Hyper-

chloremia *The numbers and incidences were calculated out of the given rates.

3. Results

Out of 7436 identified articles, 21 were retrieved for full-text anal-
ysis (Fig. 1). We excluded 16 studies with reasons (Suppl. Table 1). A
total of 5 trials including 1105 patients were included in our systematic
review (Suppl. Table 2). Two of these studies had significant data
overlap, thus all data from the first trial [14] were included in this meta-
analysis, while only outcomes not reported in the primary trial were
included in this review for the secondary trial [15]. Of the four studies
[10,13,14,28] eligible for meta-analysis, one was a randomized

controlled trial [13], two were prospective studies [10,28] and one was
retrospective cohort study [14] (Table 2). Risk of bias was moderate
across studies (Table 1).

3.1. Primary endpoint

All studies included in the meta-analysis showed a reduction of total
daily sodium load on the ICU with the use of maintenance fluids/creep
fluids with a low versus high sodium content in adult ICU patients. Meta-
analysis revealed a mean difference (low-high) of -117 mmol/d (95%CI
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-174; —59; p < 0.001) (Fig. 2). This equals a reduction of total daily
sodium load of 2.7 g (95%CI -4.0; —1.8 g) in patients undergoing a low
sodium content strategy for maintenance and creep fluid choice. Het-
erogeneity (I = 95%) was considerable (Fig. 2). Egger-test showed no
evidence of small-study effects (p = 0.34) (Suppl. Fig. 2).

3.2. Secondary endpoints
Table 3 shows the results for our secondary objectives.

3.2.1. Hypernatremia

In the four studies assessing the risk of hypernatremia [10,13,14,28]
the OR for hypernatremia was 0.85 (95%CI 0.51; 1.41) with a low-
sodium content strategy (Fig. 3). Heterogeneity between studies was
low (1% = 0%) (Fig. 3).

3.2.2. Hyponatremia

The OR for hyponatremia was 2.21 (95% CI 0.77; 6.33) in patients
with a low sodium content strategy (Fig. 3). Heterogeneity between the
studies was considerable (I = 84%) (Fi 2. 3).

3.2.3. Hyperchloremia

Three out of four studies assessed the incidence of hyperchloremia
[10,13,28]. The overall OR was 0.26 (95%CI 0.1; 0.64) in patients with a
low sodium content strategy. Heterogeneity between the studies was
considerable (I? = 78%) (Fig. 3).

3.2.4. Hypochloremia

Two out of four studies reported the incidence of hypochloremia
[10,13]. Van Regenmortel and colleagues found a higher incidence of
hypochloremia in their postsurgical ICU-patients receiving a low
sodium-content maintenance fluid (Na 54 mmol/1) compared to the
group receiving high sodium content (Na 154 mmol/l) maintenance
fluids (17.6% vs 0%; p = 0.01) [13]. In contrast, Bihari and group could
not find a difference in incidence of hypochloremia between mixed ICU
patients receiving either low-sodium content maintenance and creep
fluids (G5%) vs high sodium content maintenance and creep fluids (NaCl
0.9%) (11% vs 8%; p = 0.07) [10].

3.2.5. Fluid balance

Only two out of five studies reported data on fluid balance [10,13]
(Table 3). Van Regenmortel and colleagues observed a higher estimated
fluid balance at 72 h in the high sodium arm compared to the low-
sodium arm (Nal54-group: 4490 ml, 95%CI 3925; 5054 ml vs Na54-
group 3120 ml, 95%CI 2580; 3661 ml; p < 0.001) [13]. In the study
of Bihari S. et al., patients in the high sodium group had a higher daily
fluid balance compared to those in the study group with low sodium
group (median 393 ml, IQR —560;1217 ml vs 201 ml, IQR —588; 956 ml;
p = 0.04) [10]. Median LOS ICU was 90 h (IQR 55; 187) in the high and
92 h (IQR 43; 207) in the low sodium group (10).

3.2.6. Delirium and new neurological symptoms

Delirium or neurological symptoms arising from hyponatremia were
assessed in two studies [13,15]. In their propensity-score-matched
cohort, Nagae and co-workers observed a significantly higher inci-
dence of delirium in the group with maintenance fluids with low sodium
content compared to maintenance fluids with high sodium content (26%
vs 11.7%, OR 2.65% (95%CI 1.12; 6.28), p = 0.02) [15]. Van Regen-
mortel and colleagues did not observe a difference in new neurological
symptoms between the study groups (zero patients in both groups) [13].

Further outcomes (mortality, incidence of renal replacement ther-
apy, length of mechanical ventilation and ICU length-of-stay) are re-
ported in the supplementary results section (online supplement and
supplementary Fig. 3 and supplementary Table 3).
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4. Discussion

This systematic review and meta-analysis summarizes recent evi-
dence for the use of low-sodium maintenance and/or creep fluids
compared to solutions with a high sodium content in adult ICU patients.
Our data indicate that the use of low-sodium solutions as maintenance
and/or creep fluid substantially reduces daily ICU sodium load
compared to sodium solutions with a standard content used. Hyper-
chloremia was substantially reduced, fluid balances are hinted to be
higher in the high sodium group. However caution needs to be applied,
because of the substantial heterogeneity, considerable bias and the lack
of high quality trials. There is a considerable research and knowledge
gap regarding relevance and safety with the use of low-sodium content
maintenance/creep fluids in critical illness.

The importance of sodium input in critical illness has recently gained
attention with the main source of sodium load (>50%) being mainte-
nance and creep fluids [2,8]. In our meta-analysis, patients in the high
sodium arm received a sodium load of 5.2 to up to 9.4 g sodium per day
(average 6.2 g) with high sodium content maintenance fluids/creep
fluids, namely NaCl 0.9%. While patients receiving the study interven-
tion, namely low-sodium content maintenance and/or creep fluids, had
a substantially reduced mean daily sodium intake by minus 2.7 g on
average. Nonetheless, the average sodium intake the patients in the
intervention group received still remained substantial with 3.7 g daily
sodium intake on average. In comparison, the mean nutritional daily
sodium intake for U.S.-adults aged 19 years and older in 2015-2016 was
approximately 3.5 g (152 mmol) [29], for the Australian population
approximately 3.5 g (152 mmol/1) [30], and in Japan approximately 4 g
(175 mmol/1) [31]. In contrast, the WHO recommends to lower the daily
sodium intake in healthy adults to <2 g (86 mmol) [32] and the US
National Academies of Sciences, Engineering, and Medicine defines a
daily adequate intake level of 1.5 g (63 mmol) [33]. In ICU patients,
there is a recent recommendation to provide approximately 1-1.5
mmol/kg/day of sodium with maintenance fluids, this extrapolates to
1.5 - 2 g for a 60 kg adult [3]. Thus, the daily sodium load of ICU patients
with maintenance and/or creep fluids included in our meta-analysis still
exceeds the recommended goal many times over, independent of the
group. However, the examined intervention in our meta-analysis (low
sodium content maintenance and creep fluids) was able to reduce the
intake relevantly by almost 50%, to values much closer to the recom-
mended sodium intake. Thus, while low-sodium maintenance/creep
fluids may not entirely solve the problem of excess sodium burden in
critically ill patients, their use maybe a substantial contributor to reduce
total daily sodium burden in critically illness.

Is it relevant to reduce sodium input in critically ill patients? Our meta-
analysis indicates that there is currently insufficient data and mostly
low quality data on the effect of a low sodium content maintenance/
creep fluid strategy compared to a high-sodium content strategy on
important patient-centered outcomes. However, data hints towards two
major advantages of a low-sodium content strategy potentially being
less fluid load and less hyperchloremia. It was shown that sodium-rich
fluids, especially maintenance and creep fluids, may facilitate fluid
retention in the critically ill [2,10,13,34,35]. Recently, an extended
summary of the MIHMoSA (healthy volunteers) [34] and the TOPMAST
(patients undergoing thoracic surgery) [13] clinical trials compared
maintenance solutions containing 54 mmol/]1 versus 154 mmol/l so-
dium, and showed that large sodium loads administrated in form of
sodium-rich maintenance fluids lead to sustained fluid accumulation
(when compared to low-sodium maintenance fluids) [35]. In these
studies, fluid accumulation within 48 h was >0.5 L increased in healthy
volunteers, while it was about 1 L in peri-operative patients receiving
sodium-rich fluids [35]. In contrast, the HERACLES trial, a randomized
controlled trial on the use of hypertonic saline in patients after cardiac
surgery, revealed no influence on peri-operative fluid accumulation
measured by bio-impendance analysis [36] and a substantially lower
cumulative fluid balance in the intervention group receiving hypertonic
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saline [37]. It however has to be acknowledged that in patients after
cardiac surgery, the situation may be different from patients receiving
high-sodium content maintenance/creep fluids. The vast and sudden
administration of sodium as in the HERACLES trial, may have a pro-
nounced osmotic effect and lead to recruitment of excess water already
accumulated in the intracellular space intraoperatively. This may be
reflected by the sudden temporary increase in urinary output in the
HERACLES trial [37] and tendency towards a non-statistically signifi-
cant increased renal perfusion index in the intervention group observed
[36] in the initial phase. It also supports the hypothesis of the recent
extended analysis of the MIHMoSA and TOPMAST trials that fluid
accumulation due to a large sodium burden may eventually be limited
[35] due to a presumed process of non-osmotic storage. In addition, a
recently published pre-defined post-hoc trial of the HERACLES trial in
patients a statistically non-significant trend towards higher total body
water was seen [36]. Thus, this taken together with the also non-
statistically significant trend towards a higher increase in body weight
in the HERALCES intervention group, might imply a biphasic reaction of
the body to a large sudden sodium burden, with an osmotically driven
increased diuresis (by recruitment of intravascular fluid) in the initial
phase and re-distribution with fluid accumulation in the later phase
[36,37].

The tendency towards fluid accumulation with high-sodium main-
tenance/creep fluids may be related to the fact that under controlled
circumstances (no additional fluid intake), some data indicate that the
kidneys may reabsorb free water in excess of what is necessary as a re-
action to a continuous sodium burden over a longer time period [34].
Additionally, while the ability of the kidneys to concentrate urine is
limited [38], a continuous “source” of free water is necessary to ensure
timely sodium excretion. Isotonic maintenance fluids/creep fluids are
despite common perception not a source of free water [39]. Removal of
accumulated water and sodium may prove difficult, as conventional
diuretics remove water in excess of sodium (diuresis) rather than sodium
with water (natriuresis) typically resulting in hypernatremia, thus trig-
gering a vicious cycle [40,41]. Thus, in combination the factors outlined
above may explain why sodium-rich maintenance/creep fluids aggra-
vate fluid retention and why the reduction of sodium input by lowering
the sodium-content of maintenance/creep fluids may substantially
reduce sodium and fluid retention in critically ill patients. However, if
this translates into improvement of clinically important patient out-
comes still remains unclear. Further high quality studies are warranted.

Is it safe to choose a solution with a low-sodium content? Our systematic
review with meta-analysis underlines that data on safety endpoints for
the use of low sodium content solutions as maintenance and creep fluids
in general adult ICU patients is scarce. Our data suggest that the risk for
hyponatremia (< 135 mmol/l) is non-significantly different in both
groups. However, the low number of included patients limits general-
izability. Additionally, the development of in-hospital hyponatremia at
least partially depends on the presence of non-osmotic stimulation of
vasopressin release and the patients in the current studies might have
had a low disease severity. On the other hand, it has to be acknowledged
also that the clinical impact of hyponatremia depends on the level of the
decrease, the time of development, its cause and whether chronic
hyponatremia is present [42]. Additionally, there is currently no data
available in specific subgroups of patients especially at risk for hypo-
natremia, such as i.e. patients with traumatic brain injury. Recent evi-
dence comparing normal saline to balanced solutions (both containing
at least 140 mmol/L of sodium) in a general critically ill population in
>10,000 patients hints towards a survival benefit in neuro-critically ill
patients, when NaCl 0.9% is used for fluid resuscitation [43]. Thus, the
use of a high-sodium maintenance/creep fluid strategy in neuro-
critically ill patients could affect patient outcomes. As shown in this
work, there is currently insufficient data investigating said strategy in
neuro-critically patients and it should thus be applied with caution.

A further issue that warrants discussion is the potential of low-
sodium content maintenance and creep fluid to cause delirium/new
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neurological derangement. Hyponatraemia, whether or not caused by
low-sodium content maintenance and/or creep fluid, might be a sub-
stantial contributor to new onset delirium or neurological derangement
[44,45]. A retrospective before and after study in propensity score-
matched postsurgical ICU-patients indicated an association between a
higher incidence of hyponatremia and more delirium in the study group
receiving low sodium content (Na 35 mmol/) compared to high sodium
content (Na 140 mmol/1) maintenance fluid [15]. In contrast, a small
RCT in postsurgical ICU-patients that compared a low sodium-content
(Na 54 mmol/l) to a high sodium content (Na 154 mmol/l) mainte-
nance fluid choice did not observe any new onset neurological symp-
toms [13]. Different explanations for this difference exist, but the
difference between the selected fluids and the patient’s usual dietary
sodium intake is one of them. Asian populations are known to consume
more sodium through their diets [46] and as such a solution containing
only 35 mmol/] of sodium could have increased the problem. It has
further to be mentioned, that most likely the incidence of new onset
neurological symptoms/delirium substantially depend on the actual
degree of hyponatraemia. Recent research on implementing the Na-
tional Institute for Health and Care Excellence (NICE) guidelines on
intravenous fluids for adult non-ICU patients [47] suggested a stricter
threshold defining hyponatremia as sodium concentrations <126 mmol/
1 as clinically significant complications from sodium concentrations
between 126 and 135 mmol/1 are judged to be mostly insignificant [48].
This recommendation is based on a study that did not observe a higher
incidence of hyponatremia <126 mmol/] with the prescription of less
NaCl 0.9% and more balanced solutions and sodium chloride 0.18% plus
glucose 4% as maintenance solution in 15,639 patients admitted before
and 17,033 patients admitted after guideline implementation [48].
However, we would like to emphasize that generally, delirium/new
neurological impairment might be caused by a wide range of diseases,
medications and constellations, hyponatremia being only one potential
factor [45,49].Further, we would like to mention that the relationship
between blood sodium content delirium/new onset neurological symp-
toms might be U-shaped [45,49,50]. Not only low sodium levels, but
also hypernatremia and the speed in change of sodium concentration,
which may be associated with a high sodium-content fluid choice, might
cause new onset neurological symptoms/delirium [50]. Our systematic
review and meta-analysis shows a non-significant tendency towards a
lower hypernatremia rate in patients undergoing a low-sodium content
maintenance and/or creep fluid strategy.

Lastly, as this meta-analysis and systematic review shows, the odds
ratio for hyperchloremia was substantially reduced in the group with a
low-sodium content maintenance and/or creep fluid choice. Sodium rich
infusions for fluid resuscitation (and associated hyperchloremia) were
found to be associated with MAKE 30 in two large trials [51,52], while
observational investigations point towards a substantially increased risk
of mortality in patients suffering from hyperchloremia on the ICU
[53,54].

In summary, there exists a substantial knowledge and research gap
concerning the safety of maintenance and/or creep fluid strategy
applied. Thus, potential advantages and disadvantages should be
weighed carefully before applying a maintenance and/or creep fluid
strategy to the individual patient.

4.1. Limitations

This systematic review with meta-analysis has several important
limitations that warrant discussion. First, the number of studies and the
number of included patients are small. Second, most of the eligible
studies were of observational nature and only one study was a ran-
domized controlled trial. Third, the heterogeneity of the included
studies was considerable and risk of bias moderate. It is currently not
known whether creep or maintenance fluids are intrinsically different
drivers of the problem. Fourth, another important limitation lies in the
heterogeneity of fluid types in the intervention arm of our meta-analysis,
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e.g. no sodium up to 54 mmol/]l sodium. This may be a source of
considerable bias. Fifth, exposure times to the study intervention
differed between studies. Sixth, most studies were not powered to detect
differences in patient-centered outcome variables. Therefore, we could
not specifically investigate these. Seventh, we excluded patients in
highly selected patient populations as burn patients limiting the trans-
ferability of our results to those patient groups. Eighth, incidences given
for hyper- and hypochloremia are based on different reference values of
the included papers. Using a single, dedicated reference value for hypo-
and hypernatremia could lead to different incidences. Lastly, the clini-
cally relevance of sodium intake through hidden or maintenance fluids
may be different in other patient cohorts (outpatients, non-critically ill
patients) than in critically ill patients. This was not investigated here.

5. Conclusion

Our systematic review and meta-analysis demonstrates that reducing
the mean daily sodium intake using low sodium content maintenance
and/or creep fluids reduces sodium burden by a relevant amount
compared to the use of standard high sodium content fluids. However
and importantly, heterogeneity of included trials was substantial and
risk of bias moderate across studies. Additionally, evidence is limited by
the lack of sufficient high-quality RCTs and the small sample sizes. There
is a considerable research and knowledge gap regarding relevance and
safety with the use of low-sodium content maintenance/creep fluids in
critical illness. Further adequately powered studies are required to
determine if the reduction in mean daily sodium intake affects patient-
centred outcomes.
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