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Objective: Fluid administration in combination with the increase in 
vasopermeability induced by critical illness often results in signif-
icant fluid overload in critically ill patients. Recent research indi-
cates that mortality is increased in patients who have received 
large volumes of fluids. We have systematically reviewed and syn-
thesized the evidence on fluid overload and mortality in critically 
ill patients and have performed a meta-analysis of available data 
from observational studies.
Data Sources: A systematic search was performed on PubMed, 
EmBase, and the Cochrane Library databases.
Study Selection and Data Extraction: All studies were eligible that 
investigated the impact of fluid overload (defined by weight gain > 
5%) or positive cumulative fluid balance on mortality in adult critical 
care patients. We excluded animal studies and trials in pediatric 
populations (age < 16 years old), pregnant women, noncritically ill 
patients, very specific subpopulations of critically ill patients, and 
on early goal-directed therapy. Randomized controlled trials were 
only evaluated in the section on systematic review. Assessment 
followed the Cochrane/meta-analysis of observational trials in ep-
idemiology guidelines for systematic reviews.
Data Synthesis: A total of 31 observational and three randomized 
controlled trials including 31,076 ICU patients met the inclusion cri-
teria. Only observational studies were included in the meta-analysis. 
Fluid overload and cumulative fluid balance were both associated 
with pooled mortality: after 3 days of ICU stay, adjusted relative risk 
for fluid overload was 8.83 (95% CI, 4.03–19.33), and for cumu-
lative fluid balance 2.15 (95% CI, 1.51–3.07), at any time point, 
adjusted relative risk for fluid overload was 2.79 (95% CI, 1.55–
5.00) and 1.39 (95% CI, 1.15–1.69) for cumulative fluid balance. 

Fluid overload was associated with mortality in patients with both 
acute kidney injury (adjusted relative risk, 2.38; 95% CI, 1.75–2.98) 
and surgery (adjusted relative risk, 6.17; 95% CI, 4.81–7.97). Cu-
mulative fluid balance was linked to mortality in patients with sepsis 
(adjusted relative risk, 1.66; 95% CI, 1.39–1.98), acute kidney in-
jury (adjusted relative risk, 2.63; 95% CI, 1.30–5.30), and respira-
tory failure (adjusted relative risk, 1.19; 95% CI, 1.03–1.43). The 
risk of mortality increased by a factor of 1.19 (95% CI, 1.11–1.28) 
per liter increase in positive fluid balance.
Conclusions: This systematic review and meta-analysis of observa-
tional studies reporting adjusted risk estimates suggests that fluid 
overload and positive cumulative fluid balance are associated with 
increased mortality in a general population and defined subgroups 
of critically ill patients. (Crit Care Med 2020; 48:1862–1870)
Key Words: critical care; critical illness; fluid overload; fluid 
therapy; intensive care; mortality; positive fluid balance

IV fluid therapy is the most common treatment in critically 
ill patients (1). Fluid therapy in intensive care has several 
objectives, such as replacement in the states of hypovo-

lemia or distributive changes, maintenance therapy, as well as 
resuscitation to restore circulation to vital organs.

One of the key limitations of currently available IV fluids 
is their transient effect on hemodynamics (2) due to the third 
space extravasation (3, 4). This is particularly the case in crit-
ically ill patients, who often suffer from capillary leakage, and 
less than 5% of infused fluid may remain in the vasculature 
after 1 hour (5). Large-volume fluid administration together 
with increased fluid sequestration is associated with critical ill-
ness, and this, therefore, often results in significant fluid over-
load (FO) in critically ill patients (6). An increasing body of 
observational evidence indicates that mortality is increased in 
critically ill patients with FO (7–9).

Additionally, several smaller investigations indicate that FO 
is associated with multiple adverse effects, such as impaired re-
covery from AKI, need for mechanical ventilation, impaired 
would healing, and abdominal compartment (10–12). Hence, 
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the risk-benefit ratio of fluid administration in critically ill 
patients came under investigation. Several observational stud-
ies have investigated the association between FO and mortality. 
In this meta-analysis of observational studies, we have there-
fore synthesized currently available observational evidence on 
FO and its impact on mortality in the critically ill.

MATERIALS AND METHODS
This systematic review and meta-analysis of observational stud-
ies was conducted and reported in adherence with the guidelines 
for Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (13) and the meta-analysis of observational 
trials in epidemiology guidelines for data extraction and risk 
assessment (14). The protocol was registered on International 
Prospective Register of Systematic Reviews (139957).

All studies were eligible that investigated the impact of FO 
(defined by weight gain > 5%) or of a positive cumulative 
fluid balance (CFB) on mortality in adult critical care patients. 
Animal studies and trials in pediatric populations (age < 16 

years old), pregnant women, noncritically ill patients, very 
specific subpopulations of critically ill patients, and on early 
goal-directed therapy were excluded. The PRISMA flowchart 
is depicted in Figure 1. Randomized controlled trials (RCTs) 
were excluded from the meta-analysis and only evaluated as 
narratives.

Information, sources and search strategy (Supplementary 
Fig. 1, Supplemental Digital Content 1, http://links.lww.
com/CCM/F820), risk of bias assessment, study selection 
(Supplementary Table 1, Supplemental Digital Content 1, 
http://links.lww.com/CCM/F820), and outcomes are described 
in detail in the Appendix (Supplemental Digital Content 1, 
http://links.lww.com/CCM/F820).

Definitions
There is currently no clear-cut definition of FO in critical care. 
Although a weight-based definition (FO; increase in body 
weight after admission > 5%) (15) is potentially most accurate 
and is often used in nephrological research (16–18), preadmis-

sion bodyweight is usually not 
known and can only be esti-
mated in critically ill patients. 
Thus, many studies use a pos-
itive CFB (input-output) as a 
surrogate variable for FO in the 
critically ill. CFB does not take 
into account perspiration or 
overt fluid losses that are hard 
to quantify, such as diarrhea. 
For these reasons, CFB may 
be misleading as a surrogate 
marker for FO. Furthermore, 
it is important to note that a 
positive CFB does not per se 
imply that a patient is fluid-
overloaded. Nonetheless, the 
majority of the studies investi-
gating FO and mortality in the 
critically ill use CFB as their 
surrogate for FO. Excluding 
these trials from our analysis 
would have greatly biased the 
picture of currently published 
literature, as all these stud-
ies were specifically intended 
to investigate FO in the criti-
cally ill. We, therefore, included 
observations using this defini-
tion for FO in our analysis, de-
spite its limitations. However, 
we, therefore, report the data as 
either FO (weight-based defini-
tion) or positive CFB.

Pooled mortality data were 
used for the main analysis. 
Different types of mortality 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart. FO = fluid overload. 
Asterisk indicates that study was eligible for qualitative and quantitative analysis.
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(ICU mortality, in-hospital morality, short-term mortality [up 
to 30 d], and long-term mortality [up to 90 d]) were evaluated 
in a sensitivity analysis.

Study Outcomes
The primary objective was to evaluate the impact of FO or CFB 
during the first 3 days after ICU admission on mortality in crit-
ically ill patients. In accordance with previous publications, 
we employed FO or CBF on day 3 for the primary endpoint  
(12, 19, 20). Studies on patients with established acute kidney 
injury (AKI) were evaluated for secondary outcomes only. Sec-
ondary objectives were the association of FO/CFB at any time 
point during ICU stay with mortality. We also evaluated the 
impact of FO/CFB on mortality in sepsis/septic shock, respi-
ratory disease, patients with AKI, and surgical patients. Addi-
tionally, we assessed the quantitative effect of CFB on mortality 
and the impact of FO/CFB in the critically ill on important 
patient-centered outcomes (renal replacement therapy [RRT], 
infections, mechanical ventilation, and length of ICU stay).

Additional information on the primary and secondary 
objectives is described in the Appendix (Supplemental Digital 
Content 1, http://links.lww.com/CCM/F820).

Data Synthesis
A quantitative analysis using a random effect model as pro-
posed by DerSimonian and Laird (21) was performed to pool 
measured effects and to compare patients with/without FO/
CFB using different risk scales as approximation to relative risk 
(RR) for binary outcomes, namely, odds ratios, hazard ratios, 
rate ratios, and risk ratios (22, 23). This approach was also used 
to estimate the quantitative effect per 1 L of CFB on mortality. 
If data on FO/CFB were available at several time points in one 
study, these effect sizes were first pooled using a fixed effect 
model. Heterogeneity among trials was assessed using I2-sta-
tistics. The pooled effect sizes obtained by meta-analysis were 
interpreted after considering any heterogeneity. Publication 
bias was assessed using the Egger test and funnel plots.

Stata 13.1 (StataCorp, College Station, TX) was used for 
statistical analysis. More information can be found in the 
Appendix (Supplemental Digital Content 1, http://links.lww.
com/CCM/F820).

RESULTS
In total, 7,894 articles were retrieved and screened. In 46 trials, 
a full-text analysis was performed and 34 of the trials (73.9%) 
(on 31,076 patients) were included (Supplementary Table 1, 
Supplemental Digital Content 1, http://links.lww.com/CCM/
F820). Excluded trials after full-text analysis are listed in Sup-
plementary Table 3 (Supplemental Digital Content 1, http://
links.lww.com/CCM/F820). The risk of bias analysis is shown 
in Supplementary Table 2 (Supplemental Digital Content 1, 
http://links.lww.com/CCM/F820).

Only observational studies were included in this meta-
analysis. Twenty-three of the 34 included trials(67.6%) pro-
vided suitable data for the meta-analysis, whereof five studies 

investigated FO (7, 11, 24–26) and 18 studied CFB (8, 27–
43). Eleven of these trials providing data for the calculation 
of the primary endpoint (Fig. 2), 16 trials including data to 
assess the overall impact of FO/CFB on mortality (any time 
point to pooled mortality), and eight trials presenting data 
on CFB on a per liter basis were included in the meta-analy-
sis (Fig. 3). Eleven trials were assessed in a narrative fashion 
(Supplementary Table 4, Supplemental Digital Content 1, 
http://links.lww.com/CCM/F820).

Included trials were published between 2005 and 2019. 
Of all included trials, 12 (35.3%) were performed in septic 
patients, four (11.7%) in surgical patients, 10 (29.4%) in 
patients with kidney failure, four (11.7%) in patients with res-
piratory failure, and four (9.4%) in the overall intensive care 
population. The majority of trials were retrospective observa-
tional trials (n = 20; 58.8%), 11 trials (32.4%) were prospec-
tive observational trials, and three trials (8.8%) were RCTs 
(Supplementary Table 1, Supplemental Digital Content 1, 
http://links.lww.com/CCM/F820).

Fluid Overload/ Positive Cumulative Fluid Balance 
and Mortality
Eleven trials (n) (8, 25, 27–30, 33–37) assessed FO/CFB during 
the first 3 days of ICU stay, whereas 16 trials (7, 8, 11, 24, 25, 27, 
29–37) assessed the overall impact of FO/CFB on mortality. FO 
and CFB were both associated with pooled mortality (assess-
ment after 3 days of ICU stay: adjusted relative risk [aRR] for 
FO 8.83 [95% CI, 4.03–19.33; n = 1] and aRR for CFB 2.15 
[95% CI, 1.51–3.07; n = 4]). The corresponding values at any 
time point were aRR for FO 2.79 (95% CI, 1.55–5.00; n = 3) 
and aRR for CFB 1.39 (95% CI, 1.15–1.69; n = 5) (Fig. 2).

Heterogeneity among adjusted trials was considerable  
(I2 = 63.2% for CFB day 3, I2 = 86.5% for an overall impact of 
CFB, and I2 = 73.5% for an overall impact of FO, respectively). 
A funnel plot and the Egger test did not indicate publication 
bias for FO or CFB at any time point (Supplementary Fig. 2, 
Supplemental Digital Content 1, http://links.lww.com/CCM/
F820).

Quantitative Effect of Positive Cumulative Fluid 
Balance on Mortality
Per 1 L increase in CFB, the adjusted risk of mortality increased 
by the factor 1.19 (95% CI, 1.11–1.28,), investigated in eight 
trials (see Fig. 3). Systematic review of all included studies (in-
cluding RCTs) indicates higher mortality in patients with a 
higher CFB (9, 44–53). The results are summarized in Supple-
mentary Table 4 (Supplemental Digital Content 1, http://links.
lww.com/CCM/F820).

Subgroups of Intensive Care Patients
Figure 4 summarizes the relative measures of effect for several 
subgroups of critically ill patients.

There is limited information on studies (n) using adjusted 
effect measures to investigate mortality in important sub-
groups. In patients with acute kidney failure and in surgical 
patients, FO was associated with mortality (aRR AKI 1.99 

http://links.lww.com/CCM/F820
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[95% CI, 1.34–2.98; n = 2] (11, 24) and aRR surgical patients 
6.17 [95% CI, 4.81–7.97; n = 1] [25]). The impact of FO on 
mortality was not investigated in patients with sepsis or res-
piratory failure. CFB was linked to mortality in patients with 
sepsis, acute kidney failure, or respiratory failure (n = 1 each): 
aRR sepsis 1.66 (95% CI, 1.39–1.98) (30), aRR acute kidney 
failure 2.63 (95% CI, 1.30–5.30) (31), and aRR respiratory 
failure 1.19 (95% CI, 1.03–1.43) (28).

Fluid Overload and Other Important Clinical 
Outcomes
The effect sizes for FO/CFB and important clinical outcomes 
are given in Figure 5. Furthermore, our systematic literature 
analysis revealed one study with a significant increase in ven-
tilator-free days with a conservative rather than a liberal fluid 
strategy (up to 28 d, 14.6 ± 0.5 vs 12.1 ± 0.5; p < 0.001) (51).  
A further study showed a significant difference between a 

Figure 2. Cumulative fluid overload/cumulative fluid balance during the first 3 days of ICU stay/at any time point and mortality. Barmparas et al (27) 
adjusted for administration of antibiotics/antifungals (the only statistically significant difference between the two groups in the univariate analysis). 
Bouchard et al (11) adjusted for Acute Physiology and Chronic Health Evaluation (APACHE) III and dialysis modality. Micek et al (30) adjusted for age, 
severity of illness (APACHE II), and use of vasopressors. Oh et al (25) adjusted for covariates with p < 0.1 in the univariate Cox regression model. Ros-
enberg et al (28) adjusted for severity of illness (Acute Physiology Score), age, and ventilator strategy. Shum et al (29) adjusted for severity of illness 
(APACHE IV). Vaara et al (31) adjusted disease severity (Simplified Acute Physiology Score and Sequential Organ Failure Assessment), age, presence 
of severe sepsis, time on renal replacement therapy (RRT), and initial RRT modality. Woodward et al (24) adjusted for age, gender, race, quick Sequen-
tial Organ Failure Assessment score, Charlson score, diuretic use, vasopressor/inotrope use, time between ICU admission and CRRT initiation, diabetes, 
blood product transfusion, and baseline estimated glomerular filtration rate. CRRT = continuous renal replacement therapy, CVP = central venous pres-
sure, HR = hazard ratio, KDIGO = Kidney Diseases Improving Global Outcomes, OR = odds ratio, RR = risk ratio.
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restrictive and a liberal fluid regimen in the time on mechan-
ical ventilation (median 16.8 hr [interquartile range (IQR), 
7.0–26.5] vs median 37.8 hr [IQR, 22.0–126.5]; p < 0.02), re-
spectively (52). The impact of FO/CFB on the time on vaso-
pressors was not evaluated in any study eligible for this review.

Sensitivity Analysis
Time point of FO/CFB assessment and type of mortality are 
shown in Supplementary Figures 3 and 4 (Supplemental Dig-
ital Content 1, http://links.lww.com/CCM/F820).

DISCUSSION
This systematic review and meta-analysis of observational stud-
ies suggests that both FO and positive CFB are associated with 
increased mortality in the critically ill. Our data also indicate that 
FO and a positive CFB may also be associated with mortality in sev-
eral important subgroups of critically ill patients, such as patients 
with sepsis/septic shock, AKI, respiratory failure, or after surgery.

Data are scarce on other important outcomes, such as the 
need for RRT, secondary infections, time on vasopressors, and 
length of stay.

It has long been known that FO might be harmful for crit-
ically ill patients (54–56). As early as 2000, the correlation be-
tween fluid load and survival in septic critically ill patients was 
described in the journal CHEST (20). A small study in 36 septic 
patients revealed a mortality benefit with a negative fluid bal-
ance at day three, and showed a negative fluid balance to inde-
pendently predict survival in the critically ill (20). During the 
past decade, FO and its implications for outcome in the criti-
cally ill have been the subject of a lively debate among intensive 
care physicians.

This discussion has resulted in the 31 observational trials 
included in this analysis as well as the three RCTs on fluid re-
striction strategies. Our meta-analysis summarizes currently 
available observational data and indicates that both FO and 
a positive fluid balance might be associated with significant 
mortality in the critically ill.

However, there are two studies in this meta-analysis that 
did not show an association between CFB (at any time point) 
and mortality and, thus, merit discussion (27, 34). The first is 
a post hoc analysis of a multicentric Scandinavian study in 841 
patients with septic shock. In this trial, mortality rates increased 
from 46.6% in the negative fluid balance group to 58.4% in the 
group with the highest positive CFB (34). However, the effect 
did not reach a significance level of 5%. The second trial is a 
prospective acute care surgery study in 144 patients, which did 
not observe an association between CFB and mortality after 
adjusting for confounding factors (27). The authors argued 
that the sample size could have been too small to detect a statis-
tical difference. However, this study revealed a protective effect 
of negative fluid balance on postoperative day 5 and on the 
occurrence of postoperative complications after adjustment 
for confounders (27).

In addition, the narratives as well as quantitative assess-
ment of currently available literature on positive CFB (using 
adjusted measures of effect) included in this study indicate that 
there is a correlation between the amount of positive fluid bal-
ance and mortality in the critically ill.

Although our meta-analysis of observational data hints to-
ward FO and CBP being detrimental to patient survival, how-
ever, it needs to be stressed that FO is a “side effect” of current 
fluid administration practices. Therefore, it is of major impor-
tance to evaluate fluid administration strategies in prospective 
randomized controlled clinical trials with the aim to minimize 
fluid intake in the critically ill. Importantly, several prospective 
RCTs have already attempted to minimize fluid administra-
tion and all of them were negative in terms of survival benefit  
(9, 51, 52, 57–63).

Although an earlier meta-analysis revealed a lower mortality 
with restrictive fluid management regimes in critically ill and 
injured patients (mortality, 24.7% vs 33.2%; OR, 0.42 (95% 
CI, 0.32–0.55; p < 0.0001) (12), a most recent meta-analysis 
of restrictive versus liberal fluid administration approaches in 
critically ill patients with sepsis did not find decreased mor-
tality rates with fluid restriction (RR, 0.87; 95% CI, 0.6–1.10) 
(64). Furthermore, the quality and quantity of investigations 

Figure 3. Quantitative effect of cumulative fluid balance on mortality. 
Chao et al (33) adjusted for age, sex, cerebrovascular disease, and Pao2/
Fio2. Grams et al (38) adjusted for age, sex, race, fluid-strategy random-
ization group, catheter randomization group, CVP at baseline, shock at 
baseline, day first diagnosed with acute kidney injury (AKI), fluid balance/
use of diuretics in the 24 hours prior to randomization, stage of AKI within 
2 study days of randomization, scores (Acute Physiology and Chronic 
Health Evaluation [APACHE] III), etiology of acute lung injury (sepsis, 
trauma, pneumonia, multiple transfusions, and other), mean daily CVP, and 
mean daily presence or absence of shock. Han et al (39) adjusted for age, 
sex, baseline Sequential Organ Failure Assessment (SOFA) score, and 
cause of AKI. Neyra et al (40) adjusted for age, sex, and race; comorbidi-
ties (diabetes, hypertension, heart failure, and anemia); scores (SOFA and 
APACHE II scores), oligouria, mechanical ventilation, RBC transfusion, and 
length of hospital stay); and drug exposure (vasoactive drug and diuretic). 
Payen et al (41) adjusted for age, sex, comorbid diseases (not specified), 
and scores (Simplified Acute Physiology Score II [SAPS II] and SOFA). 
Silversides et al (43) adjusted for age, scores (APACHE II and MODS), 
congestive heart failure, KDIGO stage, maximum serum lactate (days 1 
and 2), days of vasopressor use, admission source (ward, emergency de-
partment, operating room/ recovery room, and other hospital), and surgical 
admission type. Texeira et al (42) adjusted for age, sex, comorbidities (di-
abetes, hypertension, and cardiovascular disease), nonrenal SOFA, sepsis, 
mean urine volume, and diuretic use. Wang et al (26) adjusted for age, co-
morbid diseases (not specified), diagnosis at admission, scores (SAPS II), 
oliguria, and sepsis. ES = effect size, HR = hazard ratio, OR = odds ratio,  
RR = risk ratio.

http://links.lww.com/CCM/F820
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to support either a restrictive or liberal fluid management 
approach were deemed low (64).

Thus, currently, it is not clear whether limiting FO/CFB in 
the critically ill will actually reduce mortality rates.

The currently running CLASSIC trial, a large international 
multicenter study (65), compares a restrictive versus liberal fluid 
regimen in patients with septic shock, which may shed further 
light on this issue. However, the primary endpoint in the CLASSIC 
study is 90-day mortality and this may be influenced by many 
other factors than fluid restriction. Thus, it remains to be con-
firmed whether fluid restriction results in improved outcomes.

Our data indicate that the effect of FO/CFB on mortality 
is particularly large in critically ill patients with AKI. FO/CFB 
results in severe organ complications, such as reduced cardiac 
function (30, 39), increased intra-abdominal pressure (IAP) 
(12, 30, 39), and renal-venous congestion (66, 67). IAP results 
in decreased renal perfusion and additionally lowers venous 
return (12, 68). The latter reduces cardiac output (68), which 
itself is again detrimental to renal and abdominal perfusion, 
so that a vicious cycle develops. Furthermore, obstruction of 
renal venous outflow (renal venous congestion) was also found 
to be a significant contributor to kidney injury (66, 67). This 
might explain why the impact of FO/CFB on mortality is par-
ticularly high in patients with AKI.

Although undertaking this systematic review/meta-analysis 
on FO and mortality in the critically ill, we identified several 
important limitations in the current literature that need fur-
ther consideration. First, although a large body of literature 
addresses the “phenomenon” of FO in the critically ill, the ma-
jority of the trials (88.0%) used a positive CFB as a surrogate 
variable for FO. This definition of FO lacks accuracy, and its use 
should be questioned. However, there is currently no widely ac-
cepted definition of FO for clinicians and clinical trials. We tried 
to address this issue by presenting the available evidence for FO 
(weight-based definition) and a positive CFB together. Second, 
for some trials, no adjusted effect measures were available. FO/
CFB is highly and mutually dependent on disease severity and 
other important covariates, such as age, admission type, and 
underlying disease. In order to address this issue, we have pre-
sented adjusted and nonadjusted values separately. Third, there 
is no universal standard as to the time point at which FO/CFB 
should be assessed, which could have a major influence on the 
results. Therefore, although we used ICU day 3 for our primary 
outcome in accordance with previous investigations (12, 19, 
20), we also present a sensitivity analysis for other time periods.

Several limitations of our analysis deserve discussion. First, a 
major limitation of our meta-analysis is that it is mainly based on 
observational studies. Although FO is a “phenomenon” that—in 

Figure 4. Measures of effect for subgroups. Barmparas et al (27) adjusted for administration of antibiotics/antifungals (only statistically signifi-
cant difference between the two groups in the univariate analysis). Bouchard et al (11) adjusted for Acute Physiology and Chronic Health Evaluation 
(APACHE) III and dialysis modality. Micek et al (30) adjusted for age, severity of illness (APACHE II), and use of vasopressors. Oh et al (25) adjusted 
for covariates with p < 0.1 in the univariate Cox regression model. Rosenberg et al (28) adjusted for severity of illness (APS), age, and ventilator 
strategy. Vaara et al (31) adjusted for disease severity (Simplified Acute Physiology Score and Sequential Organ Failure Assessment), age, presence 
of severe sepsis, time on renal replacement therapy (RRT) initial, and initial RRT modality. Woodward et al (24) adjusted for age, gender, race, qSOFA 
score, Charlson score, diuretic use, vasopressor/inotrope use, time between ICU admission and CRRT initiation, diabetes, blood product transfusion, 
and baseline eGFR. ES = effect size, HR = hazard ratio, N/A = not applicable, OR = odds ratio, RR = risk ratio.
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contrast to fluid resuscitation—cannot be randomized and, thus, 
can only be evaluated in observational studies, there are some very 
important biases inherent to such studies that need to be consid-
ered, such as the impossibility of eliminating unmeasured con-
founders. Furthermore, it is impossible to conclude that FO/CFB 
is causally related to mortality. Additionally, reverse causality is also 
possible, where patients do not (only) die because of fluid accu-
mulation but receive fluids, because they are sicker and are more 
likely to die. In our meta-analysis, we analyzed the adjusted and 
nonadjusted mortalities separately to display this important bias.

Second, only five trials in this analysis defined FO based on 
weight gain. The majority of studies used positive CFB, which 
may be inaccurate due to, for example, transpirational and other 
hardly quantifiable losses and the amount of fluid depletion 
prior to ICU admission. Furthermore, it is important to note 
that a positive CFB does not per se imply that a patient is fluid-
overloaded. Hence, using a positive fluid balance as a surrogate 
marker for FO might be misleading and cause overestimation of 
the number of “fluid overloaded” patients. We, therefore, ana-
lyzed FO/CFB separately. Our results nevertheless still indicate 
that a positive CFB might also be associated with mortality.

Third, even though we performed a subgroup analysis for 
four subsets of critically ill patients, significant colinearity may 
exist, especially between sepsis and AKI groups and the sepsis and 
respiratory failure/acute respiratory distress syndrome (ARDS) 
group, as sepsis might be the underlying cause for either AKI 

or respiratory failure/ARDS in a significant number of cases. 
Additionally, it should be noted that we did not further differ-
entiate different types of subgroups (e.g., patients with abdom-
inal sepsis, patients with “acute chronic kidney injury,” etc.) and 
excluded trials with a very specific patient population. However, 
it could be possible that FO/CFB may be especially detrimental 
to further subgroups. Furthermore, there are currently no data 
on patients with FO/CFB in cardiogenic shock, so no conclusions 
can be drawn for this relevant subgroup of patients.

Fourth, there are few available data on other important out-
comes, such as the time on mechanical ventilation, need and 
time on RRT, or length of ICU/hospital stay, and the available 
data are often subject to the problem of multiple comparisons.

Fifth, although this meta-analysis targets “adult critical care 
patients,” it has to be acknowledged that critically ill patients 
are an extremely heterogenic group of patients and current 
trends in critical care research go toward characterizing “phe-
notypes” of critically ill patients (69–71). Future studies should 
include well-defined subgroups of patients only.

CONCLUSIONS
Our systematic review and meta-analysis of observational stud-
ies reporting adjusted risk estimates suggests that FO and posi-
tive CFB in critically ill might be associated with mortality. There 
are few available data on adjusted effect measures to investigate 

Figure 5. Fluid overload/cumulative fluid balance and other important clinical outcomes. Barmparas et al (27) adjusted for administration of antibiotics/
antifungals (only statistically significant difference between the two groups in the univariate analysis). Oh et al (25) adjusted for covariates with p < 0.1 
in the univariate Cox regression model. Woodward et al (24) adjusted for age, gender, race, qSOFA score, Charlson score, diuretic use, vasopressor/
inotrope use, time between ICU admission and CRRT initiation, diabetes, blood product transfusion, and baseline eGFR. Wang et al (26) adjusted for age, 
comorbid diseases (not specified), diagnosis at admission, scores (Simplified Acute Physiology Score II), oliguria, and sepsis. ES = effect size, GMR = ge-
ometric mean ratio (unadjusted), N/A = not applicable, OR = odds ratio, RR = risk ratio.
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mortality in important subgroups. Current evidence points sug-
gest that FO/CFB is associated with mortality in patients with 
AKI, sepsis, respiratory failure, and after surgery. Furthermore, 
there is apparently a positive correlation between the amount of 
positive fluid balance and mortality in the critically ill.

Current literature on FO has important limitations, such as 
the lack of a clear definition for FO and lack of a standard-
ized time point when FO should be assessed. These important 
issues should be addressed in the future.
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