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ABSTRACT
Objective: To evaluate whether goal-directed fluid therapy (GDFT) reduces the risk of renal
injury in critical illness.
Methods: MEDLINE via PubMed, EMBASE, CENTRAL and CBM was searched from inception to 13
March 2022, for studies comparing the effect of GDFT with usual care on renal function in critic-
ally ill patients. GDFT was defined as a protocolized intervention based on hemodynamic and/or
oxygen delivery parameters. A fixed or random effects model was applied to calculate the
pooled odds ratio (OR) based on heterogeneity through the included studies.
Results: A total of 28 studies with 9,019 patients were included. The pooled data showed that
compared with usual care, GDFT reduced the incidence of acute kidney injury (AKI) in critical ill-
ness (OR 0.62, 95% confidence interval (CI) 0.47 to 0.80, p< 0.001). Sensitivity analysis with only
low risk of bias studies showed the same result. Subgroup analyses found that GDFT was associ-
ated with a lower AKI incidence in both postoperative and medical patients. The reduction was
significant in GDFT aimed at dynamic indicators. However, no significant difference was found
between groups in RRT support (OR 0.88, 95% CI 0.74 to 1.05, p¼ 0.17). GDFT tended to increase
fluid administration within the first 6 h, decrease fluid administration after 24 h, and was associ-
ated with more vasopressor requirements.
Conclusions: This meta-analysis suggests that GDFT aimed at dynamic indicators may be an
effective way to prevent AKI in critical illness. This may indicate a benefit from early adequate
fluid resuscitation and the combined effect of vasopressors.

ARTICLE HISTORY
Received 5 January 2022
Revised 23 March 2022
Accepted 24 April 2022

KEYWORDS
Acute kidney injury; fluid
therapy; critical care;
systematic review;
meta-analysis

Introduction

Acute kidney injury (AKI) is a clinical syndrome due to
an abrupt decrease in kidney function and is typically
diagnosed by increased creatinine, decreased urine out-
put, or both [1]. It is a common and serious complica-
tion in critically ill patients and is associated with
increases in hospitalization cost, morbidity, and mortal-
ity [2,3]. It should be noted that just with the occur-
rence of AKI, short- and long-term survival will be
significantly reduced for patients with AKI regardless of
its severity and evolution [4]. Therefore, the prevention
of AKI is crucial in critically ill patients.

AKI prevention is a multimodal clinical algorithm
based on protocolized volume status and perfusion
pressure optimization [5], which require adequate renal
blood flow. Unfortunately, routine hemodynamic

measurements, such as the mean blood pressure (MAP)
and central venous pressure (CVP), are poor predictors
of volume status and renal blood flow in critical illness.
The end points of fluid resuscitation are uncertain and
challenging, which leads to the development of proto-
colized hemodynamic resuscitation. This goal-directed
fluid therapy (GDFT) approach uses intensive monitor-
ing, including some measures of hemodynamics (such
as MAP, CVP, cardiac output (CO), and stroke volume
(SV)) and oxygen delivery parameters (such as oxygen
delivery, central venous oxygenation (ScvO2) or mixed
venous oxygenation).

GDFT reduced the risk of perioperative complications
[6,7], including renal injury [8]. A recent meta-analysis
found that GDFT improved renal perfusion and oxygen-
ation in high-risk patients undergoing major abdominal
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and orthopedic surgery [9]. In addition, previous studies
have suggested that GDFT is associated with a decrease
in AKI incidence in critical illness [10–12]. However,
some studies found no beneficial effect of GDFT on
renal function [13–15]. Furthermore, different kinds of
patients, protocolized goals, and study designs make it
difficult to provide specific recommendations for GDFT.

Hence, this meta-analysis aimed to evaluate the
effects of GDFT on renal function in critically ill patients.
In particular, we tried to clarify which protocolized
goals are effective, what kinds of patients can benefit
from them, and the roles of fluids and vasopressors in
this approach.

Methods

Protocol and registration

This systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [16]. The protocol of
this work was registered in the PROSPERO database
(CRD42021233518).

Search strategy

We searched the MEDLINE via PubMed, EMBASE,
CENTRAL and CBM databases (from inception to 13
March 2022) using the terms: (“intensive care” or
“emergency” or “critical illness”) AND (“fluid
resuscitation” or “fluid therapy”) AND (“goal-directed”
or “goal-oriented” or “target-directed”). There were no
language limits on eligibility. The Supplementary
Material 1 shows the search strategy in more detail.

Study selection

Two investigators (CCZ, YY) independently determined
whether eligible studies met the following PICOS crite-
ria: 1) Population: adult patients (age �18 years) treated
at an intensive care unit or emergency department; 2)
Intervention: protocolized and based on hemodynamic
and oxygen delivery parameters; 3) Control: usual care,
defined as conventional treatments that were at the
discretion of the clinicians. Monitoring by CVP or MAP
measurements was allowed. 4) Outcomes: The primary
outcome was the incidence of AKI at any time point
during hospitalization, whichever definition of AKI was
adopted. Secondary outcomes were renal replacement
therapy (RRT) support, fluid administration, and vaso-
pressor requirements. 5) Type of studies: randomized
controlled trials (RCTs), quasi-RCTs, and prospective and
retrospective controlled trials.

The exclusion criteria were as follows: 1) lack of a
protocolized intervention; 2) lack of a baseline condi-
tion or control group; 3) lack of data on any renal out-
come: AKI and RRT; and 4) no original studies, case
reports, case series, animal studies, in vitro studies, and
studies without full text.

Data extraction

The initial and full-text reviews and data extraction
from the included studies were performed independ-
ently by two authors (CCZ, YY). The kappa coefficient
was calculated as a measure of agreement about study
selection and quality appraisal. Any discrepancies were
resolved by the third author (ZQL), and a decision was
reached by consensus.

Data were collected using a predesigned form. For
each study, the following information was extracted:
publication (last name of the first author, year of publi-
cation), participant characteristics (including patient
source, diagnosis, demographic data, clinical setting,
and number of patients), targets used in the GDFT
protocol (including MAP, CVP, CO/CI, SV, stroke volume
variation (SVV), pulse pressure variation (PPV), oxygen
delivery parameters et al.), study design, and out-
come data.

Assessment of risk of bias

Two authors (CCZ, YY) independently assessed the risk
of bias to evaluate the quality of the included studies.
The Cochrane Collaboration tool [17] was used for
RCTs, and the ROBINS-I tool (Risk of Bias in
Nonrandomized Studies of Interventions) [18] was used
for non-RCTs. Funnel plot was used to evaluate publica-
tion bias.

Statistical analysis

SPSS 25.0 was used to calculate the kappa coefficient.
Data analysis was conducted using RevMan 5.3. The
results are presented as forest plots using odds ratios
(ORs) for dichotomous data and the mean difference
(MD) for continuous data. All estimates were provided
with 95% confidence intervals (CIs). Heterogeneity was
assessed by Cochran’s Q statistic and the I2 test. A
P value >0.1 or I2 statistic below 50% indicated low lev-
els of heterogeneity. In these cases, a fixed-effect model
was used. Otherwise, a random-effects model
(Mantel–Haenszel method) was selected. Sensitivity
analysis with only low risk of bias studies was consid-
ered if the pooled data of the primary outcome had
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significant heterogeneity. Several subgroup analyses
were performed for the primary outcome according to
population (postoperative and medical patients), GDFT
protocol (early goal-directed therapy (EGDT) [11],
dynamic indicators (defined as the variation of certain
indicators in the GDFT protocol), and other protocols),
and the design of the trial (RCT and non-RCT). p< 0.05
indicated statistical significance.

Results

The search strategy identified 1,768 unique publica-
tions, and 2 additional records were identified from ref-
erence lists. After excluding duplicates (n¼ 258) and
screening titles and abstracts (n¼ 1,512), 111 studies
were assessed in full text for eligibility (Figure 1).
Following full-text review, a total of 28 studies met the

inclusion criteria (kappa ¼ 0.858, p< 0.01). Among
these, three studies were reported in Chinese [19–21],
and all the other studies were reported in
English [10,14,22–44].

The characteristics of the included studies are sum-
marized in Table 1. In total, the included studies com-
prised 9,019 patients, and the number of patients per
study was 48 to 1,591. Of the 28 included studies, 21
studies were RCTs, and the other seven were not. The
risk of bias assessments for RCTs and non-RCTs are
shown in Figure 2 (kappa ¼ 0.766, p< 0.01). The green,
red and yellow colors indicate a low risk of bias, a high
risk of bias, and an unclear risk of bias, respectively.
Studies with more than or equal to five green plus were
considered low risk of bias studies. Among the 28
included studies, all except for five studies
[27,28,38,40,42] had a low risk of bias overall.

Full-text articles 

assessed for eligibility

(n=111)

Studies included in 

quantitative synthesis

(n=28)

Studies included in quantitative 

synthesis (meta-analysis)

(n=28)

Records identified through 

database searching

(n=1768)

Records after duplicates removed

(n=1512)

Records screened

(n=1512)
Records excluded

(n=1401)

Full-text articles excluded

(n=83)

deviating study population (n=27) 

deviating control group (n=20)

missing renal outcome (n=31) 

no full text (n=5)

Additional records identified 

through other sources

(n=2)
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Figure 1. Study selection flow diagram according to the PRISMA guidelines.
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Incidence of AKI

Twenty-two (n¼ 5,649, 2,853 in the GDFT group and
2,796 in the control group) of the 28 included studies
reported that the incidence of AKI ranged from
0%–95% with different follow-up times. All but six of
the included studies reported a clear definition of AKI.
The incidence of AKI was lower in postoperative
patients and higher in medical patients. The detailed
parameters of AKI, including the morbidity, definition,

and follow-up time in each study, are shown in
Supplementary Table 1. The pooled data showed that
GDFT significantly reduced AKI incidence over usual
care (OR 0.62, 95% CI 0.47 to 0.80, p< 0.001; Figure 3).
The heterogeneity was moderate (I2¼50%). No sign of
significant publication bias was observed
(Supplementary Figure 1). The sensitivity analysis con-
sidering only low risk of bias studies showed the same
result: compared with usual care, GDFT reduced the risk
of renal injury in critically ill patients (OR 0.66, 95% CI
0.54 to 0.82, p< 0.001; I2¼13%).

Subgroup analyses showed that in both postopera-
tive and medical patients, the AKI incidences were
lower in the GDFT group (postoperative patients: OR
0.68, 95% CI 0.54 to 0.87, p¼ 0.002; medical patients:
OR 0.39, 95% CI 0.17 to 0.86, p¼ 0.02; Figure 4). The
heterogeneity was low in the subgroup of postopera-
tive patients (I2¼27%) but higher in the subgroup of
medical patients (I2¼70%). In medical patients, we fur-
ther performed a subgroup analysis of patients with
septic shock, which showed no effect of GDFT on AKI
with a lower heterogeneity (OR 0.66, 95% CI 0.39 to
1.14, p¼ 0.14; I2¼22%). A significant AKI reduction was
observed in studies that adopted dynamic indicators
(including SVV, PPV, SV change, IVC collapsibility and
distensibility) as fluid therapy targets (OR 0.48, 95% CI
0.30 to 0.77, p¼ 0.002; I2¼58%; Figure 5), instead of
these studies with EGDT (OR 0.55, 95% CI 0.25 to 1.24,
p¼ 0.15; I2¼62%; Figure 5) or the other protocols (OR
0.74, 95% CI 0.53 to 1.01, p¼ 0.06; I2¼25%; Figure 5). In
addition, the pooled data from RCTs (OR 0.78, 95% CI
0.65 to 0.95, p¼ 0.01; I2¼12%; Figure 6) and non-RCTs
(OR 0.37, 95% CI 0.27 to 0.51, p< 0.001; I2¼47%; Figure
6) both showed a preventive effect of GDFT on AKI in
critically ill patients.

RRT support

Thirteen (n¼ 5,709, 2,884 in the GDFT group and 2,825
in the control group) of the 28 included studies
reported pooled analysis showing GDFT did not
decrease the requirement for RRT (OR 0.88, 95% CI 0.74
to 1.05, p¼ 0.17; I2¼50%; Supplementary Figure 2) in
critically ill patients.

Fluid administration (L)

Of the 28 included studies, 22 (n¼ 11,965, 5,983 in the
GDFT group and 5,982 in the control group) reported
intravenous fluids at different time points. According to
the different record times of fluid administration, the 22
studies were divided into three subgroups: within the

Figure 2. Risk of bias summary assessments for
included studies.
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initial 6 h, more than 6 h and less than or equal to 24 h,
and more than 24 h. The pooled data from 9 studies
(n¼ 5,058; 2,526 in the GDFT group and 2,532 in the
control group) showed that GDFT tended to increase
the volume of fluid administration within the initial 6 h,
but there was no significant difference between groups
(MD 0.27, 95% CI �0.04 to 0.59, p¼ 0.09;
Supplementary Figure 3). The heterogeneity was high.
The pooled data from 13 studies (n¼ 2,261; 1,141 in the
GDFT group and 1,120 in the control group) showed
that GDFT had no effect on fluid administration from 6
to 24 h (MD 0.34, 95% CI �0.14 to 0.81, p¼ 0.16;
I2¼98%; Supplementary Figure 3). However, the cumu-
lative fluid administration in the GDFT group was less
than that in the control group after 24 h (n¼ 4,646;
2,316 in the GDFT group and 2,330 in the control
group), with high heterogeneity (MD �0.45, 95% CI
�0.71 to �0.19, p< 0.001; I2¼90%; Supplementary
Figure 3).

Vasopressor requirements

For this outcome, 12 studies reported the use of vaso-
pressors (n¼ 6,252; 3,116 in the GDFT group and 3,136
in the control group). Compared with the control
group, patients in the GDFT group seemed to use more
vasopressors, but the difference was not significant (OR

1.23, 95% CI 1.00 to 1.52, p¼ 0.05; I2¼58%;
Supplementary Figure 4).

Discussion

This systematic review is the first to focus on the effect
of GDFT on renal function in critically ill patients.
Pooled data demonstrated that the incidence of AKI
was reduced by GDFT in critical illness. This result was
confirmed by the sensitivity analysis enrolling only low-
risk-of-bias trials and the pooled data from RCTs.
Subgroup analyses showed that both postoperative
and medical patients benefited from GDFT, and the
reduction in AKI was significant in GDFT aimed at
dynamic indicators. However, GDFT was not associated
with a reduction in RRT support.

Critically ill patients are at high risk of AKI, which is
closely associated with poor prognosis. The most fre-
quent causes of AKI in critical illness are sepsis, hypo-
volemia, direct nephrotoxicity, and major surgery [45].
AKI is believed to be initially preventable and reversible
[46]. Fluid therapy is a key component of the preven-
tion of AKI, and the aim is to correct hypovolemia and
restore organ perfusion in addition to avoiding further
nephrotoxic insults. Because routine hemodynamic
measurements poorly predict volume status and renal

Figure 3. Forest plot of the effect of GDFT on AKI incidence without time limit. AKI: Acute kidney injury; GDFT: goal-directed
fluid therapy; M-H: Mantel–Haenszel; CI: confidence interval.

RENAL FAILURE 783

https://doi.org/10.1080/0886022X.2022.2072338
https://doi.org/10.1080/0886022X.2022.2072338
https://doi.org/10.1080/0886022X.2022.2072338
https://doi.org/10.1080/0886022X.2022.2072338
https://doi.org/10.1080/0886022X.2022.2072338


blood flow in critical illness, the GDFT approach has
been proposed.

Our study found that in comparison with usual care,
GDFT reduced the incidence of AKI in critically ill
patients. However, moderate heterogeneity limits the
credibility of the results. Several questions remain
unanswered, such as kind of patients, protocolized
goals, and the impact of the quality of included studies.
Therefore, we first performed sensitivity analysis enroll-
ing only low-risk-of-bias trials. This showed the same
result with low heterogeneity. Then, subgroup analysis
of RCTs further confirmed the main result. In addition,
subgroup analyses concerning postoperative versus
medical patients and different fluid therapy targets
were also performed.

The subgroup analysis of populations showed that
GDFT significantly reduced AKI in both postoperative

and medical patients. Consistently, a recent meta-ana-
lysis, including 65 studies with 9,306 adult patients
undergoing major surgery and noncritical illness, which
reported a marked decrease in the renal injury rate in
the perioperative goal-directed therapy group [9]. It is
worth noting that we found the preventive effect on
AKI in medical patients. In fact, only six included study
populations were medical patients. They were all shock
patients, and half of them had septic shock. A further
subgroup analysis of patients with septic shock showed
no effect of GDFT on AKI. Similarly, a previous multicen-
ter large sample RCT did not find any protective effect
of EGDT on renal function in septic shock patients [14].
In patients/animals with septic shock, global renal
blood flow is preserved or even increased [47]. In con-
trast, decreases in glomerular filtration pressure, inflam-
matory tubules and microvascular injury result in renal

Figure 4. Pooled AKI incidence of subgroup analysis concerning postoperative and medical patients. AKI: Acute kidney injury; M-
H: Mantel–Haenszel; CI: confidence interval.
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dysfunction in sepsis [48]. Therefore, optimizing hemo-
dynamics has limited preventive effects on septic AKI.

The subgroup analysis regarding targets showed
that GDFT based on dynamic indicators significantly
reduced AKI incidence, rather than EGDT and other pro-
tocols. However, the heterogeneity in the ‘dynamic
indicators’ subgroup was relatively high and two large
studies [27,40] which showed preferable results for
GDFT in this subgroup were non-RCTs. These can be a
risk of bias and weak the strength of the evidence.
About EGDT, it was first introduced by Rivers et al and
mainly used in patients with sepsis [11]. The effect of
EGDT on prognosis, including AKI and mortality, is still

controversial [10,14,25,33]. In summary, GDFT aimed at
dynamic indicators may be an effective way to protect
renal function in critically ill patients.

In addition, there was no effect of GDFT on RRT sup-
port. Consistently, a previous meta-analysis found no
differences in the RRT rate between the standard EGDT
and usual care groups in patients with severe sepsis
and septic shock [49]. These results suggested that
GDFT did not improve the deterioration of renal func-
tion in patients who had already developed AKI.
Consistent with this view, one previous study reported
that GDFT did not reduce the persistence of AKI beyond
72 h for patients in the early stage of AKI [15]. In

Figure 5. Pooled AKI incidence of subgroup analysis concerning different GDFT protocols, including EGDT, dynamic indicators
and other protocols. AKI: Acute kidney injury; GDFT: goal-directed fluid therapy; EGDT: early goal directed therapy; M-H:
Mantel–Haenszel; CI: confidence interval.
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summary, the beneficial effect of GDFT on renal func-
tion is more significant in patients without AKI.

We further analyzed the role of fluid administration
and vasopressor requirements. The results demon-
strated that although GDFT tended to increase fluid
administration within the initial six hours compared
with usual care, it was not substantially different
between the groups in the initial 24 h. After 24 h, fluid
administration was less common in the GDFT group. In
addition, GDFT was associated with more vasopressor
requirements. Using vasopressors for a short duration
might meet the acute demand for oxygen delivery and
limit the volume of fluid administration [7]. Guidelines
recommend that accurate and timely fluid therapy
improves organ function [50]. Excessive volume expan-
sion is also associated with adverse outcomes, including
renal dysfunction [51–53]. GDFT by means of fluids and
vasopressors can minimize the time of low perfusion

and spare unwarranted fluid therapy, which may con-
tribute to the prevention of AKI.

The strengths of this study include broad search
strategy, inclusion of extensive studies and the latest
research with high quality of methodology. Moreover,
unlike previous meta-analyses focused on the effect of
goal-directed therapy on AKI in patients undergoing
surgery [9], we are the first to focus on critically ill
patients. In addition, we further performed sensitivity
analysis and subgroup analyses, generating new hints
for practical applications. In fact, all critically ill patients
were at risk for AKI. GDFT aimed at dynamic parameters
may be more helpful for AKI prevention but does not
change the disease course.

This study has a number of limitations. First, the pro-
tocols of GDFT varied in the included studies, and the
definitions of usual care may be different in different
areas. This led to relatively high heterogeneity,

Figure 6. Pooled AKI incidence of subgroup analysis concerning RCTs and non- RCTs. AKI, Acute kidney injury; RCT, randomized
controlled trial; M-H, Mantel–Haenszel; CI, confidence interval.
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although the results remained consistent across sensi-
tivity and subgroup analyses. Second, most of the
included studies lacked baseline kidney function, that
is, chronic kidney disease. Third, the included studies
varied in definitions, and timeframes of AKI incidence
were another limitation. Last, there may be potential
publication bias.

Conclusions

In conclusion, this meta-analysis suggests that GDFT
reduced the incidence of AKI in critical illness, including
postoperative and medical patients. Sensitivity analysis
enrolling only trials with a low risk of bias and sub-
group analysis of RCTs confirmed this result. The reduc-
tion was significant in GDFT based on dynamic
indicators, rather than EGDT and other protocols.
However, there was no difference in RRT support
between the groups. Fluid administration seemed to be
higher in the GDFT group within the first 6 h but lower
after 24 h. Moreover, GDFT was associated with more
vasopressor requirements. Prompt, targeted resuscita-
tion combined with fluid and vasopressors may contrib-
ute to the prevention of AKI.
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