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Abstract 

Background: It is unknown whether a conservative approach to fluid administration or deresuscitation (active 

removal of fluid using diuretics or renal replacement therapy) is beneficial following haemodynamic stabilisation of 

critically ill patients.

Purpose: To evaluate the efficacy and safety of conservative or deresuscitative fluid strategies in adults and children 

with acute respiratory distress syndrome (ARDS), sepsis or systemic inflammatory response syndrome (SIRS) in the 

post-resuscitation phase of critical illness.

Methods: We searched Medline, EMBASE and the Cochrane central register of controlled trials from 1980 to June 

2016, and manually reviewed relevant conference proceedings from 2009 to the present. Two reviewers indepen-

dently assessed search results for inclusion and undertook data extraction and quality appraisal. We included ran-

domised trials comparing fluid regimens with differing fluid balances between groups, and observational studies 

investigating the relationship between fluid balance and clinical outcomes.

Results: Forty-nine studies met the inclusion criteria. Marked clinical heterogeneity was evident. In a meta-analysis 

of 11 randomised trials (2051 patients) using a random-effects model, we found no significant difference in mortality 

with conservative or deresuscitative strategies compared with a liberal strategy or usual care [pooled risk ratio (RR) 

0.92, 95 % confidence interval (CI) 0.82–1.02, I2 = 0 %]. A conservative or deresuscitative strategy resulted in increased 

ventilator-free days (mean difference 1.82 days, 95 % CI 0.53–3.10, I2 = 9 %) and reduced length of ICU stay (mean dif-

ference −1.88 days, 95 % CI −0.12 to −3.64, I2 = 75 %) compared with a liberal strategy or standard care.

Conclusions: In adults and children with ARDS, sepsis or SIRS, a conservative or deresuscitative fluid strategy results 

in an increased number of ventilator-free days and a decreased length of ICU stay compared with a liberal strategy or 

standard care. The effect on mortality remains uncertain. Large randomised trials are needed to determine optimal 

fluid strategies in critical illness.
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Introduction
Optimising fluid status is a fundamental concern of criti-

cal care practice. Ample data suggest that the optimisa-

tion of intravascular volume status can increase cardiac 

output and global oxygen delivery, and large volumes of 

intravenous fluids are often administered for this pur-

pose. In addition, critically ill patients frequently receive 

large volumes of fluid as drug diluents, as artificial nutri-

tion, and as maintenance fluid.

In the face of increased capillary permeability, sodium 

and water retention, and acute kidney injury (AKI), all of 

which are common in critical illness, the accumulation 

of large volumes of fluid in the interstitium is a frequent 

occurrence and may impair oxygen delivery at the cellular 

level. Clinically this fluid overload is apparent as periph-

eral and pulmonary oedema, although other organs may 

be affected [1]. A number of cohort studies have demon-

strated an association between fluid overload and mortal-

ity [2–4], and it has been suggested that strategies aimed 

at prevention or treatment of fluid overload may be ben-

eficial following haemodynamic stabilisation [5].

A previous systematic review and meta-analysis on the 

topic of fluid overload and the relationship between fluid 

balance and mortality [6] in critically ill patients reported 

studies with considerable heterogeneity in design, pres-

ence of comparator groups, populations, as well as the 

timing and nature of interventions. By narrowing our 

focus to specific populations, and by including but not 

attempting to meta-analyse observational studies, we 

aimed to maximise both the external and internal validity 

of our review.

�e aim of this review is to evaluate the impact of a 

conservative fluid or active deresuscitation strategy com-

pared with standard care or a liberal fluid strategy in crit-

ically ill adult or paediatric patients with sepsis, systemic 

inflammatory response syndrome (SIRS), or acute respir-

atory distress syndrome (ARDS) on mortality and other 

clinical outcomes. Secondary aims were to identify cri-

teria used to judge suitability for conservative fluid man-

agement or deresuscitation; to describe the interventions 

used to minimise fluid intake or deresuscitate patients, 

and to identify contraindications to deresuscitation or 

conservative fluid management in published studies.

Methods
�e protocol for this review was prospectively registered 

with PROSPERO (International prospective register of 

systematic reviews; CRD42013005608) and published 

previously [7]. We used Cochrane review methodology 

[8] in protocol development and review conduct, and 

adhered to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines [9] in 

reporting the review.

Search strategy

MEDLINE, EMBASE and the Cochrane central regis-

ter of controlled trials (CENTRAL) were searched (up 

to 24 June 2016) for potentially relevant studies without 

language constraints. In addition, we manually searched 

indexed abstracts from the American �oracic Society, 

Society of Critical Care Medicine, and European Society 

of Intensive Care Medicine annual congresses and the 

International Symposium on Intensive Care and Emer-

gency Medicine from 2009 to the present. A full list of 

MEDLINE search terms is available as an appendix to the 

published protocol [7].

Inclusion and exclusion criteria

We included randomised and quasi-randomised clini-

cal trials of adult or paediatric patients with ARDS, SIRS 

or sepsis in which two or more fluid strategies were 

compared and in which fluid balance differed between 

groups; and observational studies in which the relation-

ship between fluid balance and clinical outcomes in 

ARDS, SIRS or sepsis was the major focus of the study.

We excluded studies that focused only on the resusci-

tation phase of critical illness, and studies in which flu-

ids were only one element of a complex haemodynamic 

strategy. We also excluded case series, case reports, 

observational studies with fewer than 50 participants, 

studies published prior to 1980, studies involving pre-

dominantly neonates, post-cardiac surgery patients, or 

patients with heart failure, and studies subject to post-

publication retraction or investigation.

Selection of studies and data extraction

Titles and abstracts of all reports identified in the lit-

erature searches were screened by two of three authors 

(JS, EEM and AF) for further review with discrepancies 

resolved by consensus. Full text review of eligibility was 

conducted by two authors independently (JS and EM) 

and relevant data extracted in duplicate from included 

studies to a standard piloted form [7]. Discrepancies 

were resolved by discussion and adjudication by a third 

author (EF). Where relevant, attempts were made to 

contact authors of randomised studies for missing data. 
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�e reference lists of included randomised trials were 

reviewed for additional trials meeting eligibility criteria.

Outcome measures

�e primary outcome was all-cause mortality at the lat-

est time point available up to 90  days. Key secondary 

outcomes included ventilator-free days (VFDs), length 

of intensive care unit (ICU) stay, incidence of AKI, 

renal replacement therapy (RRT) use, and cognitive 

impairment.

Risk of bias assessment

Two authors (JS and EM) independently assessed risk 

of bias and quality. Randomised controlled trials were 

assessed as being at low, uncertain or high risk of bias 

for each of six domains using the Cochrane risk of bias 

tool [8]. Cohort and case–control studies were assessed 

for quality using the Newcastle–Ottawa scale [10] 

(Appendix 2).

Analysis

RevMan software [8] was used to carry out meta-analy-

sis using a random effects model for outcomes for which 

two or more randomised studies were available. Results 

for outcomes for which meta-analysis was deemed inap-

propriate because of an insufficient number of studies 

or clinical or statistical heterogeneity were reported in 

narrative form, and observational studies were reported 

in tabular form (Appendix 1). Where necessary to stand-

ardise reporting of central tendency between studies, 

we converted standard error to standard deviation, and 

estimated mean and standard deviation from reported 

median and interquartile ranges using a standard 

approach [11]. For key outcomes, we assessed the qual-

ity of evidence using the Grades of Recommendation, 

Assessment, Development and Evaluation (GRADE) 

approach [12].

We undertook a pre-planned sensitivity analysis 

excluding studies at high risk of bias, and subgroup anal-

yses for ARDS, sepsis or SIRS, and adults. We undertook 

a post hoc analysis in which we excluded studies lacking 

a clinically significant difference in fluid balance between 

groups, which we defined as a minimum difference in 

mean or median fluid balance of 750 mL/day for adults or 

10 mL/kg/day for children. We also carried out a meta-

regression analysis with difference in mean daily fluid 

balance as the independent variable and risk ratio (RR) 

for mortality as the dependent variable.

Results
�e search was conducted up to 24 June 2016 and dur-

ing the editorial process we obtained one further study in 

press from the editor. Forty-nine studies met criteria for 

inclusion (Fig. 1). Of these, 11 randomised controlled tri-

als, recruiting a total of 2051 patients, provided data for 

meta-analysis  (Table  1). �e remaining 38 studies were 

observational in design and are summarised in Appen-

dix  1. �e Newcastle–Ottawa score for observational 

studies is reported in Appendix  2. Secondary publica-

tions from included studies are reported along with the 

original study [13–15]. A summary of evidence is found 

in Table 2.

Description of included randomised trials

Considerable clinical heterogeneity was present. Five 

studies [16–20] took place in the USA, three in China 

[21–23], one in France [24], one in India [25], and one 

in Denmark and Finland [26]. Sample sizes ranged from 

29 [21] to 1000 [16]. One was conducted in children [25] 

and the remainder in adults. Five studies included only 

patients with ARDS [16–18, 21, 22], four included only 

patients with septic shock [19, 24–26]; one included 

patients with ARDS, septic shock, or both [23] and one 

included a mixed critically ill population, the majority 

of whom had sepsis, ARDS, or both [20]. Further char-

acteristics of included randomised trials are presented in 

Table 1. 

Methodological quality and risk of bias

�e overall quality of included randomised trials was 

moderate (Fig.  2). �e use of random sequence gen-

eration and allocation concealment [19–22, 25] and the 

risk of reporting bias [18, 20–22, 25] were unclear in 

Records iden�fied through 

database searching 

(n = 62,915)

Addi�onal records iden�fied 

through other sources 

(n = 66)

Records screened 

(n = 62,981) 

Records excluded 

(n = 62,739) 

Full-text ar�cles assessed 

for eligibility 

(n = 242)

Full-text ar�cles excluded,  

(n = 193*): 

• Duplicate / overlap (n=60) 

• Pre-1980 (n=6) 

• Not original study (n=4) 

• Resuscita�on studies (n=56) 

• Type of fluid study (n=25) 

• Complex haemodynamic 

interven�on (n=12) 

• Study popula�on did not 

match criteria(n=24) 

• Observa�onal study with  

< 50 pa�ents (n=24) 

• Clinical outcomes of interest 

not reported (n=4) 

• Not relevant (n=2) 

• Fluid balance not reported 

(n=10) 

Studies included in 

qualita�ve synthesis 

(n = 49)

Studies included in 

quan�ta�ve synthesis 

(meta-analysis) 

(n = 11) 

Fig. 1 Study flow diagram. *Some studies had multiple reasons for 

exclusion
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a number of studies. While blinding was used in only 

two studies [17, 18], likely because of difficulties in con-

cealment of the different fluid regimens and/or haemo-

dynamic monitoring technologies employed, strict 

protocolisation of fluid and diuretic use was felt to ame-

liorate the effects of this potential bias in all but two stud-

ies [19, 21].

Mortality (primary outcome)

Eleven studies (2051 patients) reported mortality as an 

outcome with variable duration of follow-up, includ-

ing 90-day [26], 60-day [16, 21, 22], in-hospital [19, 20] 

and 28- or 30-day mortality [17, 18, 23–25]. We found 

no significant difference in mortality between patients 

receiving a conservative or deresuscitative fluid strategy 

compared with those receiving a liberal strategy or stand-

ard care (pooled RR 0.92; 95  % confidence interval [CI] 

0.82–1.02, I2 = 0 %) (Fig. 3).

One trial [16] accounted for the majority of patients 

in the ARDS subgroup, and the results for this subgroup 

(5 studies, n = 1206, pooled RR 0.91; 95 % CI 0.77–1.07) 

were similar to those in the overall analysis. In the sep-

sis/SIRS subgroup, three trials were conducted in adults 

[19, 24, 26] and one in children [25]. Results from this 

subgroup analysis were also similar to those in the over-

all analysis (394 patients, pooled RR 0.86; 95 % CI 0.62–

1.17) (Fig. 3).

Secondary outcomes

Ventilator-free days

Data on the number of VFDs within a 28- or 30-day 

period were available for seven studies, including 1784 

participants (Fig.  4). We found increased VFDs with a 

conservative or deresuscitative fluid strategy in com-

parison with a liberal strategy or standard care (mean 

difference 1.82  days [95  % CI interval 0.53–3.10  days], 

I
2  =  9  %). In addition, studies by Hu et  al. [21] and 

Wang et  al. [22] reported shorter duration of mechani-

cal ventilation in a more conservative fluid strat-

egy group compared with the liberal fluid strategy 

group (10.13  ±  3.02  days vs. 12.64  ±  2.89, P  <  0.05 

and 9.62  ±  2.55  days vs 12.51  ±  2.92  days, P  <  0.05 

respectively).

Length of ICU stay

Nine studies reported the duration of ICU admission of 

which seven were suitable for meta-analysis (Fig. 5). We 

found a shorter length of ICU stay in patients receiv-

ing a conservative or deresuscitative fluid strategy com-

pared with those receiving a liberal strategy or standard 

care (mean difference 1.88  days fewer (95  % CI −0.12 

to −3.64  days). Considerable heterogeneity was present 

(I2  =  75  %). Two studies in ARDS patients reported a 

composite outcome of ICU-free days: Martin et  al. [18] 

reported a numerically greater number of ICU-free 

days in the fluid conservative group (median 1.5  days 

greater, 95  % CI −3.4 to +6.4  days), while in the fluids 

and catheter treatment trial (FACTT) [16], a conserva-

tive strategy resulted in a significantly greater number of 

ICU-free days compared to a liberal strategy (13.4 ± 8.97 

vs 11.2 ± 8.92, P < 0.001).

Length of hospital stay

One study [18] reported no significant reduction in the 

length of hospital stay for survivors of ARDS with a dere-

suscitative strategy (median 4.5 fewer days in hospital, 

95 % CI −5.8 to 14.8 days).

Fig. 2 Risk of bias assessment for randomised trials
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Organ dysfunction scores

Martin et  al. [17] reported a fall in mean sequential 

organ failure assessment (SOFA) score of 0.6 with a 

deresuscitation strategy compared with an increase of 

1.1 in the control group over the 5-day study period 

(P  =  0.01). Zhang et  al. [23] reported higher maxi-

mum SOFA scores in the more conservatively managed 

group, although this difference was also present at base-

line; and Richard et al. [24] reported similar duration of 

SOFA score ≥6.

Long-term mortality

No studies reported long-term (>90 days) mortality as an 

outcome.

Fig. 3 Forest plot for mortality at most protracted time point available, conservative or deresuscitative fluid strategy versus standard care or liberal 

fluid strategy

Fig. 4 Forest plot for outcome of ventilator-free days
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Incidence of ARDS

No studies reported incidence of ARDS as an outcome.

Incidence of acute kidney injury

Martin et  al. [18] reported no difference in change in 

serum creatinine between patients in a deresuscitation 

group compared with placebo, while in the FACTT study 

[16] the incidence of AKI was similar between conserva-

tive and liberal fluid management groups (21.5 ±  11.21 

renal failure-free days versus 21.2  ±  11.15, P  =  0.59). 

Hjortrup et al. [26] reported a lower incidence of wors-

ening of AKI in a conservative fluid group than with 

standard care (37  % versus 54  %, P =  0.03). In separate 

post hoc analyses of the FACTT study, Liu and colleagues 

showed that after correcting serum creatinine levels for 

fluid balance, AKI incidence was lower with a conserva-

tive than with a liberal fluid strategy [14]; and Grams 

et al. reported that in patients with AKI, cumulative diu-

retic dose was independently associated with lower mor-

tality [15].

Renal replacement therapy use

In three studies [16, 19, 26] (1233 patients), the rate of 

RRT use was similar between patients receiving a con-

servative fluid or deresuscitative strategy compared with 

a liberal fluid strategy or standard care (RR 0.88; 95 % CI 

0.64–1.22, I2  =  27  %) (Appendix  3.5). Zhang et  al. [23] 

reported fewer days free of continuous RRT in the con-

servative fluid strategy group (median 15.5  days [IQR 

3–28] versus 21 [4–28], P < 0.05).

Cognitive function

In a cohort of 75 survivors from FACTT [16] who under-

went follow-up assessment of cognitive function, Mik-

kelsen et al. [13] identified enrolment in the conservative 

fluid management arm as an independent risk factor for 

cognitive impairment at 12  months post hospital dis-

charge. In contrast, Wang and colleagues [22] assessed 

post-ICU cognitive function as one component of the 

QLQ-C30 quality of life score, and found better cognitive 

function scores in patients treated with a conservative 

fluid strategy than a liberal fluid strategy (85.02 ± 15.06 

vs. 74.31 ± 12.88, P < 0.05).

Additional analyses

Additional sensitivity and subgroup analyses are found in 

Appendix 3.

Readiness for conservative �uid management or 

deresuscitation

�e majority of studies did not attempt to use specific 

physiological or time criteria to determine readiness for 

conservative fluid management or deresuscitation. One 

study [19] postponed initiation of a conservative fluid 

management strategy until patients were demonstrated 

to be volume unresponsive. Fluid minimisation occurred 

between 1 and 4  days post-randomisation; however, 

clinically significant separation of fluid balance between 

groups was not achieved over 5 days.

Interventions

�ere was considerable variation in fluid strategies 

applied and fluid balances achieved in both conserva-

tive/deresuscitative and liberal/standard care groups. In 

three studies [16–18], protocolised diuretic use was used 

in the conservative/deresuscitative arm, in four the inter-

vention strategy involved protocolised fluid restriction or 

minimisation [16, 19, 25, 26]; and in five the main inter-

vention was the use of alternative haemodynamic tar-

gets for fluid management, based on extravascular lung 

water (EVLW) [20–22], pulse pressure variation (PPV) 

[24], or intrathoracic blood volume index (ITBVI) [23]. 

In two trials hyperoncotic albumin infusions were used 

to potentiate diuresis in a deresuscitative group [17, 18]. 

Fluid strategies in study control arms included protocol-

ised liberal fluid administration [16], protocolised diu-

retic use without hyperoncotic albumin [17], and central 

venous pressure (CVP) or pulmonary capillary wedge 

pressure (PCWP)-guided fluid administration [20, 21, 23, 

24].

Fig. 5 Forest plot for ICU length of stay, conservative or deresuscitative fluid strategy versus standard care or liberal fluid strategy
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As a result of variability in fluid strategies used, there 

was wide variation in fluid balances and considerable 

overlap between conservative and liberal groups. For 

example, in the study by Martin et  al. [17] the ‘liberal’ 

group received diuretics and achieved a weight loss of 

4700 mL over 5 days, equating to an estimated mean fluid 

balance of −22.4 mL/kg/day; while in the study by Chen 

and Kollef [19], a targeted fluid minimisation strategy in 

the conservative arm yielded a median positive fluid bal-

ance of 2641 mL over 5 days, equating to a positive mean 

fluid balance of 7.5 mL/kg/day.

Contraindications to deresuscitative �uid management

Two studies of deresuscitation [17, 18] excluded patients 

with AKI, those with more than a minimal requirement 

for vasopressors, and those with uncorrected hyper-

natraemia or hypokalaemia. Deresuscitation was sus-

pended if hypotension, hypernatraemia or hypokalaemia 

developed during the intervention period, and fluid 

boluses were given at the discretion of the clinical team. 

In FACTT [16], fluid administration and diuretic use 

were protocolised, so that haemodynamic insufficiency 

triggered fluid bolus administration or vasoactive medi-

cation use, and diuretics were withheld in the presence 

of AKI.

Observational studies

We included a total of 38 observational studies in this 

review; characteristics are reported in Appendix 1. �e 

majority were cohort studies in which fluid balance 

was compared between survivors and non-survivors of 

critical illness, with or without adjustment for severity 

of illness and other potential confounders. �e major-

ity of observational studies were assessed as moder-

ate or low quality using the Newcastle–Ottawa scale 

(Appendix 2).

�e main finding was a consistent positive association 

between more positive fluid balance and higher mortal-

ity [3, 4, 27–52] which was present within all prespeci-

fied subgroups: adults [3, 4, 28, 30–33, 36–38, 40–48, 

50–52], children [27, 29, 35, 49], ARDS [3, 32, 35, 39, 40, 

43, 46, 48, 49] and sepsis [4, 27–31, 33–38, 40–42, 44, 45, 

47, 50–52]. �is association was absent or present only 

in subgroups in seven studies in which mortality was 

reported as an outcome [53–59]. One study reported a 

lower mortality with greater fluid administration and 

more positive fluid balance over 3 days [60]. A more posi-

tive fluid balance was associated with increased [32, 54] 

or similar [29, 42] duration of mechanical ventilation, 

fewer ventilator-free days [35, 53, 55, 59] and increased 

[32, 52, 59] or similar [42, 54] length of ICU stay. Rates 

of AKI or RRT use were similar [29, 33, 55, 58, 60, 61] or 

higher [36, 59] with a more positive fluid balance.

Discussion
Although reference is made in current guidelines to the 

use of intravenous fluid for resuscitation in sepsis [62], 

fluid management goals following the resuscitation 

phase of critical illness remain the subject of consider-

able uncertainty. Our review evaluated the efficacy and 

safety of a conservative or deresuscitative fluid strategy 

compared with standard care or a liberal fluid strategy in 

critically ill patients with sepsis, SIRS, or ARDS.

We found no clear evidence for the superiority of one 

fluid strategy over another for our primary outcome of 

mortality. �is is in contrast to a previous meta-analysis 

[6], and likely reflects our exclusion of observational data 

from our meta-analysis. We found that a conservative or 

deresuscitative fluid strategy resulted in a greater num-

ber of VFDs and decreased length of ICU stay than a lib-

eral fluid strategy or standard care, with no increase in 

acute kidney injury, use of RRT, or cognitive dysfunction. 

When we excluded those studies in which we considered 

inter-group differences in fluid balance to be clinically 

unimportant, we found a non-significant reduction in 

mortality with conservative or deresuscitative fluid man-

agement (Appendix 3.3). �e quality of evidence was low 

or very low across all outcomes.

We found no difference in rates of renal replacement 

therapy use between fluid strategies. Along with post 

hoc analyses of the FACTT study showing a reduced 

incidence of AKI with a conservative fluid strategy [14] 

and a protective effect of diuretic use [15], this provides 

reassurance as to the safety of a conservative or deresus-

citative approach to fluid management in terms of renal 

outcomes.

�e effect of a conservative fluid strategy or deresus-

citation in terms of cognitive outcomes is unclear, with 

a secondary analysis of a small cohort of patients from 

the FACTT study showing evidence of harm from a con-

servative approach [13]. �is contrasts with the findings 

of Wang and colleagues in which post-ICU discharge 

cognitive function was improved in a conservative fluid 

management group [22], and those of a small randomised 

trial in patients undergoing major vascular surgery 

where a conservative fluid strategy was associated with 

a reduction in post-operative complications including 

delirium [63], a clinical outcome known to be associated 

with longer-term cognitive dysfunction [64]. �is merits 

further investigation in future trials investigating fluid 

strategy.

Our review has a number of strengths. It was con-

ducted using high-quality systematic review methodol-

ogy. A highly sensitive search strategy was developed 

which was independently reviewed by a second informa-

tion specialist. In order to minimise bias, no language 

restrictions were employed, and broad date criteria were 
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applied. At least two reviewers were involved indepen-

dently at each stage of the review process, and all studies 

were evaluated for quality and risk of bias.

�ere are a number of important limitations in this 

review, however. Even in the small number of studies 

included, considerable heterogeneity was evident with 

respect to study populations, interventions, and out-

comes. As a result of lack of standardised definitions, the 

timing and duration of the ‘post-resuscitation’ interven-

tion period varied between studies, although the avail-

able data did not allow in-depth exploration of this issue. 

�is highlights the need to standardise these definitions 

for future clinical trials. Because of insufficient data, we 

were unable to separate the differential impact of restric-

tive fluid administration and active deresuscitation. Some 

of the interventions employed resulted in minimal sepa-

ration between groups in fluid balance. As we did not 

define what constituted a clinically significant difference 

in fluid balance between groups a priori, we included all 

in our main analysis (Fig.  3) but undertook a sensitiv-

ity analysis in which studies were excluded on the basis 

of clinically insignificant differences in fluid balance 

between groups (Appendix 3.3).

�ere was considerable inconsistency in reporting 

which precluded some studies for inclusion in meta-anal-

yses, exemplified by some studies reporting duration of 

mechanical ventilation with others reporting a compos-

ite outcome of ventilator-free days. �is is a recognised 

problem in studies of patients receiving mechanical ven-

tilation [65]. Even for the uniformly reported outcome of 

mortality, there was variability in the duration of follow-

up from 28 to 90 days, although this is unlikely to have 

had a major impact on summary estimates of effect [66].

We limited our review to patients with sepsis, SIRS, 

and ARDS. �e inevitable consequence is a loss of gener-

alizability to other types of critically ill patients, although 

since these are common syndromes rather than specific 

diagnoses, and since patients admitted to ICU with a 

range of pathologies (e.g. traumatic brain injury [67] and 

polytrauma [68]) frequently develop SIRS, ARDS, and 

sepsis, the generalizability of these findings is likely go 

beyond simply those patients who meet rigidly applied 

consensus criteria.

We identified a large number of observational studies 

in which fluid accumulation or overload was associated 

with worse outcomes, particularly mortality. �e poten-

tial for residual confounding is present to some extent in 

all of these, in that greater cumulative fluid balances may 

reflect greater severity of illness and greater perceived or 

actual need for fluid resuscitation or clinician reluctance 

to either withhold fluid or to administer diuretics to more 

severely ill patients.

Robust multicentre trials are needed to evaluate the 

effectiveness of restrictive fluid administration, deresus-

citation, or a combined fluid strategy to improve patient 

outcomes. On the basis of our data, a sample size of over 

4700 patients would be required to detect or exclude a 

significant mortality benefit for a conservative and/or 

deresuscitative fluid strategy (Appendix  3.3). However, 

the heterogeneity illustrated in this review highlights 

the need for considerable further pilot work to define 

the optimal intervention strategy or strategies to be sub-

sequently tested in high-quality, adequately powered 

multicentre randomised trials. Pilot studies should, for 

example, address the questions of physiological or other 

criteria to define the appropriate timing for conservative 

fluid management, the utility of deresuscitation in addi-

tion to fluid restriction alone, the comparative benefits 

and harms of ultrafiltration and diuretics, and the use of 

adjunctive hypertonic albumin among others.

Conclusions
Despite a considerable body of observational evidence 

showing a positive association between fluid balance and 

mortality, our review found no significant difference in 

mortality from included randomised trials addressing the 

question of optimal fluid strategy for critically ill patients. 

We found that a conservative or deresuscitative approach 

resulted in increased ventilator-free days and decreased 

length of ICU stay compared to a liberal strategy or 

standard care.

Large robust trials are needed in which clear inter-

group differences in fluid balance are present to evaluate 

the efficacy and safety of a conservative or deresuscita-

tive fluid strategy in terms of both short- and long-term 

outcomes. �e optimum strategy to be tested in such 

trials remains to be defined. Meanwhile, clinicians car-

ing for critically ill patients may consider the use of a 

conservative fluid management strategy in patients with 

sepsis, ARDS, and SIRS following initial resuscitation and 

stabilisation.
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