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Responsiveness Into Goal-Directed Therapy:
A Systematic Review and Meta-Analysis
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Objective: Dynamic tests of fluid responsiveness have been devel-
oped and investigated in clinical trials of goal-directed therapy.
The impact of this approach on clinically relevant outcomes is
unknown. We performed a systematic review and meta-analysis
to evaluate whether fluid therapy guided by dynamic assessment
of fluid responsiveness compared with standard care improves
clinically relevant outcomes in adults admitted to the ICU.
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Data Sources: Randomized controlled trials from MEDLINE,
EMBASE, CENTRAL, clinicaltrials.gov, and the International Clin-
ical Trials Registry Platform from inception to December 2016,
conference proceedings, and reference lists of relevant articles.
Study Selection: Two reviewers independently identified random-
ized controlled trials comparing dynamic assessment of fluid
responsiveness with standard care for acute volume resuscitation
in adults admitted to the ICU.

Data Extraction: Two reviewers independently abstracted trial-
level data including population characteristics, interventions,
clinical outcomes, and source of funding. Our primary outcome
was mortality at longest duration of follow-up. Our secondary out-
comes were ICU and hospital length of stay, duration of mechani-
cal ventilation, and frequency of renal complications. The internal
validity of trials was assessed in duplicate using the Cochrane
Collaboration’s Risk of Bias tool.

Data Synthesis: \We included 13 trials enrolling 1,652 patients.
Methods used to assess fluid responsiveness included stroke
volume variation (nine trials), pulse pressure variation (one trial),
and stroke volume change with passive leg raise/fluid challenge
(three trials). In 12 trials reporting mortality, the risk ratio for death
associated with dynamic assessment of fluid responsiveness was
0.59 (95% ClI, 0.42-0.83; > = 0%; n = 1,586). The absolute risk
reduction in mortality associated with dynamic assessment of fluid
responsiveness was —2.9% (95% ClI, —5.6% to —0.2%). Dynamic
assessment of fluid responsiveness was associated with reduced
duration of ICU length of stay (weighted mean difference, —1.16
d [95% CI, —1.97 to —0.36]; P = 74%; n = 394, six trials) and
mechanical ventilation (weighted mean difference, —2.98hr [95%
Cl, -5.08 to —0.89]; > = 34%; n = 334, five trials). Three trials were
adjudicated at unclear risk of bias; the remaining trials were at high
risk of bias.

Conclusions: In adult patients admitted to intensive care who
required acute volume resuscitation, goal-directed therapy guided
by assessment of fluid responsiveness appears to be associ-
ated with reduced mortality, ICU length of stay, and duration of
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mechanical ventilation. High-quality clinical trials in both medical
and surgical ICU populations are warranted to inform routine care.
(Crit Care Med 2017; 45:1538-1545)

Key Words: fluid therapy; goal-directed; hemodynamic; meta-
analysis; resuscitation

fusion to vital end organs in critically ill patients with

hypotension and shock (1). It has been proposed that an
increase in stroke volume (SV) by 10-15% after a fluid chal-
lenge (250-500 cc) defines “fluid responsiveness” (2). Despite
the daily and ubiquitous use of fluids in ICUs, as few as 40% of
critically ill patients are fluid responsive (3). Fluid overload has
been shown to be an independent predictor of mortality in the
critically ill, including patients with septic shock, acute respira-
tory distress syndrome, and those undergoing major surgery
(4-7). When an indication for fluid loading exists, separating
patients who may respond (increase SV) from those that are
fluid nonresponsive may then identify those who can benefit
from fluid therapy while avoiding unnecessary fluids and their
adverse effects in the critically ill (4).

Static indices such as the central venous pressure (CVP)
consistently fail to predict fluid responsiveness, calling to
question their utility in goal-directed therapy algorithms
(8, 9). Although three large trials of goal-directed therapy
with CVP-based fluid loading have failed to show clinical
benefit compared with standard care, a growing body of
inquiry into goal-directed therapy incorporating dynamic
assessment of fluid responsiveness (FT-DYN) has emerged
(10-13). This approach assesses changes in SV or surrogate
dynamic variables (e.g., SV variation [SVV], pulse pres-
sure variation [PPV]) during alterations in cardiac preload
provoked by ventilation, passive leg raise, or fluid challenge
(14). Although these methods appear to accurately predict
fluid responsiveness, the clinical impact of FT-DYN remains
unclear. Our objective was to determine whether, among
adult patients admitted to the ICU, fluid therapy for acute
volume resuscitation based on FT-DYN impacts clinically
relevant outcomes compared with standard care.

l :luid resuscitation has the potential to restore tissue per-

MATERIALS AND METHODS

Using a prespecified published protocol (15), we performed a
systematic review congruent with the Methodological Expec-
tations of Cochrane Intervention Reviews (16) and reported
outcomes according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis guidelines (17).

Research Question and Eligibility Criteria

We posed the following research question: “In adult patients
admitted to the ICU requiring acute volume resuscitation, does
goal-directed fluid therapy guided by FT-DYN compared with
standard care result in improved clinically relevant outcomes?”
Our primary outcome was the incidence of mortality at the lon-
gest duration of reported follow-up. Secondary outcomes were
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ICU and hospital length of stay, duration of mechanical venti-
lation, and frequency of renal complications. Additional physi-
ologically relevant secondary outcomes included serum lactate
at end intervention and quantities of IV fluids administered.
We included trials satisfying the following criteria: prospective
randomized controlled trials (RCTs) in human subjects, adult
patients (= 18 yr old), greater than or equal to 80% of patients
admitted to the ICU, patients having indication for acute vol-
ume resuscitation (e.g., hypovolemia, hypotension, shock),
allocation to resuscitation based on a goal-directed therapy
algorithm that included fluid therapy guided by FT-DYN (14),
and comparator group receiving standard care (empiric fluid
therapy based on weight, static variables, or the clinical exami-
nation) (18). Observational trials were not included to reduce
the potential for performance and selection bias. We excluded
trials evaluating electrical bioimpedance techniques due to
published concerns regarding their accuracy in predicting fluid
responsiveness (19). We also excluded quasi-randomized, cross-
over, or cluster randomized trials and trials in which control
groups received fluid therapy guided by FT-DYN.

Search Strategy and Study Selection

We searched MEDLINE, EMBASE, and CENTRAL (The
Cochrane Library—Wiley) from inception to December 2016
using the Cochrane Highly Sensitive Search Strategy as a search
model (20). A library sciences specialist designed the original
search query for MEDLINE and translated to other databases
where required (Supplementary File 1, Supplemental Digital
Content 1, http://links.lww.com/CCM/C687—legend, Supple-
mental Digital Content 16, http://links.lww.com/CCM/C702).
Selected search terms included “fluid responsiveness, fluid ther-
apy, goal-directed therapy, hemodynamic therapy, dynamic,
cardiac volume, cardiac output, SV, pulse pressure, systolic pres-
sure, pleth variability, and vena cava” with filters for random-
ized trials. To identify planned or ongoing trials, we searched
clinicaltrials.gov and the World Health Organization’s Interna-
tional Clinical Trials Registry Platform (inception to December
2016) and the previous 3 years of conference proceedings of the
Society of Critical Care Medicine and the European Society of
Intensive Care Medicine ending in December 2016. Reference
lists of review articles were hand searched for relevant citations.
A two-step process was used for study selection. Two reviewers
(J.M.B., J.A.E.) independently screened titles and abstracts of
search results to determine whether each citation met the inclu-
sion criteria. The full texts of citations classified as “include” or
“unclear” were reviewed independently with reference to the
predetermined inclusion and exclusion criteria. Consensus was
achieved through discussion in cases of disagreement.

Data Abstraction and Quality Assessment

Two reviewers (J.M.B., J.A.E) independently abstracted trial-
level data using a standardized and prepiloted electronic
spreadsheet (Microsoft Excel, V 14.4.1; Microsoft, Redmond,
WA). Abstracted descriptive study characteristics included
trial demographics, number of sites, country, funding source,
patient population (e.g., surgery, trauma, sepsis), baseline illness
1539
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severity scores, monitoring technology used, goal-directed
therapy targets, type of protocolized fluid, timing of interven-
tion, clinical outcomes, and follow-up duration. Correspond-
ing authors were contacted to obtain missing data related to
trial demographics, methods and outcomes where required.
We evaluated internal validity using the Cochrane
Collaboration’s Risk of Bias tool (20), which provides spe-
cific criteria for appraisal of risk according to the following
domains: randomization and allocation of participants; blind-
ing of participants, personnel, and outcome assessors; incom-
plete or selective reporting; and other relevant sources of bias.

Data Analysis

Data from included trials were analyzed using Cochrane
Review Manager (RevMan version 5.3.5, 2014; The Cochrane
Collaboration, Copenhagen, Denmark). Pooled dichotomous
data were represented as risk ratios (RRs) with 95% Cls using
Mantel-Haenszel statistics. Mortality was assessed at the longest
duration of follow-up. Summary estimates of continuous data
were expressed as a weighted mean difference (WMD) with
95% CI using inverse variance. We used random effect models
for all analyses and explored statistical heterogeneity using the
P test with 95% uncertainty intervals. Summary effect mea-
sures were based on intention-to-treat data where available.
In one trial that included more than one interventional arm
evaluating FT-DYN (21), the interventions were pooled into
a single group for the main outcome measures. Publication
bias was assessed for the primary outcome using the trim and
fill method (22). In the presence of plot asymmetry assumed
to be publication bias, this modeling method imputes miss-
ing outcome data from small to moderate sized trials to create
a symmetrical plot. The modeled summary effect estimate is
then recalculated and compared with the original effect esti-
mate (20, 22). Prespecified subgroup analysis for the primary
outcome was planned to investigate the potential differential
impact of patient population (medical, surgical, or cardiac sur-
gical ICU), fluid responsiveness criteria (SVV, PPV, threshold
increase in SV), type of constituent fluid administered (crys-
talloid, colloid, variable), timing and duration of intervention,
risk of bias (low, unclear, high), and source of funding (indus-
try, nonindustry).

19664 Citations
identified in electronic
database and hand
'searching

-6218 were duplicates

|

[13446 Citations screened————[13329 Citations excluded]

104 Full-text records excluded
[117 Full-text records assessed for eligibility] — |6 conference abstracts of
duplicate citations

+19 excluded based on
inappropriate intervention

-55 excluded based on
inappropriate population

-24 were review articles or had
methodology other than a RCT

|13 Trials included in the analysis|

Figure 1. Preferred reporting items for systematic reviews and meta-
analysis flow diagram. RCT = randomized controlled trial.
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RESULTS

Of 19,664 citations retrieved, we included 13 unique trials
enrolling 1,652 patients (Fig. 1 and Table 1) (21, 23-34). All
included trials were published articles in English-language
peer-reviewed journals. Trials included a median of 65 patients
(interquartile range, 61-109). The mean age of patients was
68+ 11 years. Illness severity scores were not reported in the
majority of trials. The ICU population was characterized by
nine trials that enrolled patients undergoing high risk intra-
abdominal surgery (21, 23, 26, 27, 29, 30, 32-34), three trials of
cardiac surgery patients (24, 25, 31), and one trial of patients
with septic shock (28). Ten of 13 included trials prohibited
the enrollment of patients with dysrhythmias or atrial fibril-
lation (21, 23-26, 29, 31-34). Seven trials mandated a lower
limit of tidal volume of 8 cc/kg during mechanical ventilation
(23-26, 29, 30, 33).

Criteria used for determining fluid responsiveness included
assessment of SVV with threshold greater than 10-15% in nine
trials (23-25,29-34), assessment of PPV with threshold greater
than 10% in one trial (26), and the use of passive leg raise or
mini fluid challenge with threshold of an increase in SV of
10% in three trials (21, 27, 28). Cointerventions and additional
goal-directed therapy targets are itemized in Table 1. In control
groups, patients were managed with traditional goal-directed
therapy algorithms targeting static variables including the CVP
in nine trials (21, 24, 25, 27, 28, 31-34), weight-based fluid
loading in one trial (30), and standard care per treatment team
in three trials (23, 26, 29). The protocolized fluid was colloid
of any type in five trials (21, 25, 27, 32, 33), hydroxyethyl starch
in three trials (24, 26, 29), and either crystalloid or physician
choice in five trials (23, 28, 30, 31, 34). The intervention was
delivered in the operating room (OR) prior to ICU admission
in six trials (23, 26, 29, 32-34), the OR and ICU in four trials
(24, 25, 27, 30), and the ICU only in three trials (21, 28, 31).
The duration of the intervention ranged from 5 to 82 hours.
Three trials were appraised as having unclear risk of bias; the
remaining trials were at high risk of bias due to lack of blinding
(Table 2). Five trials received funding from industry manufac-
turers of the device used in the intervention (21, 24, 29, 31, 32).

Primary Outcome

Data on mortality were available in 12 of 13 trials
(21, 23-29, 31-34). Mortality was recorded at hospital dis-
charge in seven trials (23-26, 29, 32, 34), 28-30 days in four
trials (21, 27, 28, 33), and 90 days in one trial (31). Fluid ther-
apy guided by FT-DYN was associated with decreased mortal-
ity compared with standard care (RR, 0.59; 95% CI, 0.42-0.83;
P =0%; n=1,586) (Fig.2). The absolute risk reduction in mor-
tality associated with FT-DYN was —2.9% (95% CI, —5.6% to
—0.2%). Although funnel plot asymmetry appeared to exist for
this outcome, trim and fill analysis where we imputed poten-
tially unpublished trials showing no benefit or perhaps even
harm associated with FT-DYN did not statistically modify the
summary statistic for mortality (Fig. S1, Supplemental Digital
Content 2, http://links.lww.com/CCM/C688—legend, Supple-
mental Digital Content 16, http://links.lww.com/CCM/C702).
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TABLE 1. Characteristics of Included Trials

Buettner
et al (23)

Colantonio
et al (33)

Goepfert
et al (24)

Jhanji
etal (21)

Kapoor
et al (25)

Kumar
et al (34)

Lopes
et al (26)

Mayer
etal (32)

Parke
etal (31)

Pearse
etal (27)

Richard
et al (28)

Scheeren
et al (29)

Zheng
et al (30)

No. of
Centers/
No. of
Patients

Single
center/80

Single
center/86

Single
center/100

Single
center/135

Single
center/30

Single
center/60

Single
center/33

Single
center/60

Single
center/144

Multicenter/734

Single
center/61

Multicenter/64

Single
center/65

Age,
(Mean £ sp)

Country
or
Region

625+15 Germany

NE

63+13

NE

60+12

7218

NE

NE

[taly

Germany

United
Kingdom

India

India

Brazil

Germany

New
Zealand

United
Kingdom

France

United
Kingdom

China

Patient
Population

High risk intra-
abdominal
surgery

Cytoreductive
intra-
abdominal
surgery

CABG =+
aortic valve
replacement

High risk intra-
abdominal
surgery

Medium to
high risk
CABG

High risk intra-
abdominal
surgery

High risk intra-
abdominal
surgery

High risk intra-
abdominal
surgery

Elective
cardiac
surgery

High risk intra-
abdominal
surgery

Septic shock

High risk intra-
abdominal
surgery

High risk intra-
abdominal
surgery

Dynamic
Monitoring
Technology/
Criteria for
Fluid
Responsiveness

PiCCOplus?
SVV > 10%

FloTrac/Vigileo,”
SW>15%

PiCCOplus,?
SVV > 10%

PiCCOplus,?
ASV > 10%—
250 mL bolus

FloTrac/Vigileo,”
SVV > 10%

FloTrac/Vigileo,
SV > 10%

Dixtal DX2020/
IBPplus,®
PPV > 10%

FloTrac/Vigileo,”
SVV > 12%

FloTrac/Vigileo,
SV > 13%

LiDCOrapid,?
ASV > 10%—
250 cc bolus

PiCCOplus,?
PPV > 13%,
PLR-ASV
> 10%

FloTrac/Vigileo,
SVV > 10%

FloTrac/Vigileo,”
SW>12%

Cointerventions/
Additional
Goal-Directed
Targets in
Intervention Group

ClI>25L/min/m?,
SVI>36mL/
min/m?,
HR>60

CI>2L/min/m?,
extravascular
lung water index
<12 cc/kg

ClI>25L/min/m?
systemic vascular
resistance > 1,500,
SVI > 30, central
venous oxygen
saturation > 70%

ClI>25L/min/m?
SVI>35mL/m?

Fixed dose
dopexamine
infusion
(0.5 pg/kg/min)

Cl>25L/min/m?

SVI>35mL/md,
Cl>25L/min/m?

Review Article

Goal-
Directed
Targets in
Control Group

Standard care

MAP 65-95mm
Hg, CVP 2
15mm Hg,

UO = 1cc/kg/hr

CVP >8mm Hg,
MAP > 65 mm
Hg, HR 50-100
beats/min

CVP optimization
protocol

CVP 6-8mm Hg,
MAP 90—
105 mm Hg

CVP 10mm Hg,
MAP > 65mm
Hg

Standard care

MAP 65-90mm
Hg, CVP
8-12mm Hg, UO
> 0.5 cc/kg/hr

CVP- and MAP-
guided protocol-
ized care

HR < 100 beats/
min, MAP >
60mm Hg,
ACVP targeted
care

CVP >8mm Hg,
MAP > 65 mm Hg,
CI>25L/min/m?

Standard care

Standard care,
4:2:1 rule

CABG = coronary artery bypass grafting, Cl = cardiac index, CVP = central venous pressure, ACVP = threshold change in central venous pressure, HR = heart
rate, MAP = mean arterial pressure, NE = not estimatable, PLR = passive leg raise, PPV = pulse pressure variation, SVI = stroke volume index, SVV = stroke
volume variation, ASV = threshold change in stroke volume, UO = urine output.

2Pulsion Medical Systems, Munich, Germany.
®Edwards Life Sciences, Irvine, CA.
°Dixtal, Sao Paulo, Brazil.

dLIDCO, London, United Kingdom.
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TABLE 2. Assessment of Risk of Bias of Included Trials
Random Blinding of
Participants
and Personnel

Blinding of
Outcome
Assessment

Incomplete
Outcome
Data

Overall
Bias

Selective
Reporting

Allocation
Concealment

Sequence
Generation

Buettner et al (23) Unclear Unclear High Unclear Low Unclear High
Colantonio etal (33)  Low Unclear High Unclear Low Unclear High
Goepfert et al (24) Low Low High Low Low Unclear High
Jhanji et al (21) Low Low Unclear Low Low Unclear Unclear
Kapoor et al (25) Unclear Low High High Low Unclear High
Kumar et al (34) Unclear Low High Unclear Low Unclear High
Lopes et al (26) Unclear Low Low Low Low Unclear Unclear
Mayer et al (32) Unclear Low Low Low Low Low Unclear
Parke et al (31) Low Low High High Low Unclear High
Pearse et al (27) Low Unclear High Low Low Low High
Richard et al (28) Low Low High Unclear Low Unclear High
Scheeren et al (29) Unclear Low High Low Low Unclear High
Zheng et al (30) Low Low High Low Low High High

Al trials were classified as “low” under “other sources of bias” as classified by the Cochrane Collaboration.

Mortality associated with FT-DYN was evaluated according
to prespecified clinical (patient population [medical, surgi-
cal, cardiac surgical ICU], fluid responsiveness criteria [SVV,
PPV, or threshold increase in SV], type of fluid administered
[colloid unspecified, hydroxyethyl starch, crystalloid, or phy-
sician choice], timing [OR, ICU, OR and ICU], and dura-
tion of intervention [< 6, 6-24, > 24 hr]) and methodologic
subgroups (risk of bias and source of funding). Summary
effect estimates of mortality across clinical subgroups were

consistent with varying confidence limits (Supplementary
Table 1, Supplemental Digital Content 3, http://links.lww.com/
CCM/C689; Fig. S2, Supplemental Digital Content 4, http://
links.lww.com/CCM/C690; Fig. $3, Supplemental Digital Con-
tent 5, http://links.Iww.com/CCM/C691; Fig. $4, Supplemental
Digital Content 6, http://links.Iww.com/CCM/C692; Fig. S5,
Supplemental Digital Content 7, http://links.lww.com/CCM/
C693—Ilegend, Supplemental Digital Content 16, http://links.
Iww.com/CCM/C702; Fig. S6, Supplemental Digital Content 8,

?g:fa“;'; Control Risk Ratio Risk Ratio
SS:;;’I‘,’O‘L"L Events Total Events Total Weight M'Hé ;Z’g""" M-H, Random, 95% CI
Kapoor 2008 0 15 0 15 Not estimable
Goepfert 2013 0 50 0 50 Not estimable
Kumar 2016 0 30 0 30 Not estimable
Colantonio 2015 0 42 4 44 1.4% 0.12[0.01, 2.10]
Scheeren 2013 0 32 2 32 1.3% 0.20 [0.01, 4.01]
Buettner 2009 0 40 1 40 1.1% 0.33[0.01, 7.95]
Parke 2015 0 70 1 74 1.1% 0.35[0.01, 8.50]
Lopes 2007 2 17 5 16 5.1% 0.38 [0.08, 1.67] —_—
Richard 2015 7 30 14 30 20% 0.50 [0.24, 1.06] —]
Pearse 2015 28 368 42 366 54.7% 0.66 [0.42, 1.05] —H
Jhanji 2010 9 90 6 45 121%  0.75[0.28, 1.98] —_—
Mayer 2010 2 30 2 30 3.2% 1.00 [0.15, 6.64]
Total (95% CI) 814 772 100.0% 0.59[0.42, 0.83] .
Total events 48 77
Heterogeneity: Tau? = 0.00; Chi? = 3.28, df = 8 (P = 0.92); I?= 0% } } 1
0.01 0.1 1 10
Test for overall effect: Z = 3.04 (P = 0.002) Favours [Dynamic Therapy] Favours [Control]

Figure 2. Effect of goal-directed fluid therapy guided by dynamic assessment of fluid responsiveness on mortality.
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http://links.lww.com/CCM/C694; Fig. S7, Supplemental Digi-
tal Content 9, http://links.lww.com/CCM/C695; and Fig. S8,
Supplemental Digital Content 10, http://links.lww.com/CCM/
C696). The effect of funding source or adjudicated risk of bias
was not statistically significant across subgroups.

Secondary Outcomes

Compared with usual care, FT-DYN was associated with
reduced ICU length of stay (WMD, —1.16 d; 95% CI, —1.97 to
—0.36; P = 74%; n = 394) in six trials with extractable data
(23-25,29, 32, 34), with statistical heterogeneity attributable to
varying treatment effects all favoring the intervention. Among
four trials examining ICU length of stay but lacking measures
of variance suitable for meta-analysis, two trials reported
reduced ICU length of stay in patients receiving FT-DYN (26,
30), and two trials found no difference (28, 31). FT-DYN was
also associated with a reduction in duration of mechanical ven-
tilation (WMD, —2.98 hr (95% CI, —5.08 to —0.89); PP = 34%;
n = 334, five trials) (23-25, 29, 32). There was no difference in
hospital length of stay in four trials reporting data suitable for
meta-analysis (WMD, -0.65 d; 95% CI,—3.25 to 1.94; I* = 86%;
n=270) (23-25, 34), with heterogeneity driven by a small trial
reporting a shorter median but wide range of hospital length
of stay in patients receiving FT-DYN (23). Of seven additional
trials reporting hospital length of stay but lacking measures
of variance suitable for meta-analysis, five trials reported
shorter hospital length of stay in patients receiving FT-DYN
(26,27, 30, 32, 33), whereas two trials found no significant dif-
ference (21, 31).

FT-DYN was not associated with significant difference in the
frequency of renal complications (RR, 0.54; 95% CI, 0.28-1.04;
P = 67%; n = 1,380, nine trials) (24-27, 29, 31-33). The fre-
quency of renal complications was reported in a dichotomous
manner with reference to AKIN in three trials (21, 24, 27),
KDIGO in one trial (31), and RIFLE in one trial (29). Four tri-
als defined renal complications as composite endpoints ranging
from oliguria to the need for acute renal replacement therapy
(25, 26, 32, 33). Requirement for renal replacement therapy was
not reported as a distinct outcome. With a consistent summary

Review Article

estimate, heterogeneity was reduced (P = 35%) after exclud-
ing a single small trial that reported an increased frequency of
renal complications in the intervention group (31). Forest plots
for secondary outcomes are presented in Fig. 9 (Supplemental
Digital Content 11, http://links.lww.com/CCM/C697), Fig.
810 (Supplemental Digital Content 12, http://links.lww.com/
CCM/C698), Fig. S11 (Supplemental Digital Content 13, http://
links.Iww.com/CCM/C699), Fig. S12 (Supplemental Digital
Content 14, http://links.lww.com/CCM/C700), and Fig. S13
(Supplemental Digital Content 15, http://links.Iww.com/CCM/
C701).

Outcome data pertaining to the differential quantities of
fluid administered with appropriate measures of variance were
reported in six trials for crystalloid (21, 23, 24, 26, 32, 33), seven
trials for colloid (21, 23, 24, 26, 29, 32, 33), and seven trials for
cumulative fluids at end intervention (23, 24, 26, 29, 32-34).
Fluid quantity outcomes in each trial are presented in Figure 3;
high statistical heterogeneity combined with opposing treat-
ment effects precluded meta-analysis of crystalloid quantity and
cumulative IV fluids administered. This heterogeneity was not
well explained by clinical or methodologic subgroup analysis.
Patients receiving FT-DYN received greater quantity of colloids
with statistical heterogeneity attributed to varying treatment
effects all favoring FT-DYN (WMD, 0.44 L; 95% CI, 0.24-0.64;
P = 68%; n = 558, seven trials) (21, 23, 24, 26, 29, 32, 33).
A significant reduction in serum lactate was observed at end
intervention (—=0.58 mmol/L, 95% CI, —1.05 to —0.11; I> = 92%;
n = 419, six trials) (23, 24, 26, 30, 33, 34), with statistical het-
erogeneity attributed to varying treatment effects all favoring
FT-DYN.

DISCUSSION

In our systematic review and meta-analysis, we observed a
reduction in mortality among adults admitted to the ICU who
received goal-directed therapy guided by FT-DYN for acute
volume resuscitation compared with standard care. FT-DYN
may also be associated with modest reductions in ICU length

A Crystalloid Administered (Litres) B Colloid Administered (Litres) C Cumulative Fluids Administered (Litres)
Lopes 2007 (NE)
Colantonio 2015 = Jhanji 2010 - Buettner 2009 —
Goepfert 2013 Buettner 2009 e Colantonio 2015 —
Mayer 2010 —_— Goepfert 2013 —
Maye_': 2010 - Colantonio 2015 - Kumar 2016 L
Jhanji 2010 Scheeren 2013 Lopes 2007 J—
Buettner 2009 Goepfert 2013 —
Lopes 2007 Mayer 2010 b
P = Scheeren 2013 —
4 -2 0 2 4 1 35 6 o5 t 5 0 :
More with Control - More with FT-DYN More with Control  More with FT-DYN More with Control  More with FT-DYN
Neighted Mean Diff (95% C1) Weighted Mean Difference (95% CI) Weighted Mean Difference (95% CI)
Summary: I'=96%, (p<0.01), n=494, & trials Summary: WMD 0.44L, 85%CI 0.24-0.64, Summary: P=95%, (p<0.01), n=483, 7 trials
Overall estimate not reportable 12=68%, (p<0.01), =558, 7 trials Overall estimate not reportable

Figure 3. Effect of goal-directed fluid therapy based on dynamic assessment of fluid responsiveness (FT-DYN) compared with standard care for the fol-
lowing: quantity of crystalloid administered at end intervention (A); quantity of colloid administered at end intervention (B); and cumulative fluids adminis-
tered at end intervention (C). NE = not estimable, WMD = weighted mean difference.
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of stay, duration of mechanical ventilation, and serum lactate
although data for these outcomes were limited.

In recent surveys, 89% of intensivists and up to 71% of
anesthesiologists report titrating fluids to the CVP in clinical
practice (35-37). Our analysis suggests that the widespread
use of static measures to guide fluid therapy requires reexami-
nation. Our findings are concordant with a recent consensus
statement issued by an international panel of specialists in
anesthesia and intensive care recommending that fluid therapy
target fluid responsiveness in routine perioperative care (13).
Conversely, the surviving sepsis guidelines, widely referenced
by critical care practitioners, have historically supported static
fluid therapy targets (38). More recently, these guidelines have
issued a weak recommendation to incorporate dynamic rather
than static variables to assess fluid responsiveness to guide ini-
tial resuscitation (39).

Our systematic review and meta-analysis builds on the
findings of Benes et al (40) who found fluid therapy based on
dynamic variables reduced perioperative morbidity compared
with standard care in operative settings. Our review examined
a broader population of patients receiving FT-DYN admit-
ted to intensive care, and found a risk reduction in mortality.
Although mechanisms through which FT-DYN may confer
benefit in this population require further study, the differential
mortality effects may be due to improved end-organ perfusion
with FT-DYN, optimal timing of fluid bolus administration in
relation to physiologic demand, or minimization of crystalloid
volume (41, 42).

Our systematic review has several strengths. Our clinical
question was well defined and addressed a timely and relevant
topic in critical care. Our systematic review protocol was pro-
spectively registered. To reduce the potential for both selec-
tion and performance bias, we were careful to include only
RCTs. We designed an exhaustive search strategy to capture
multiple dynamic methods to assess fluid responsiveness, and
we excluded trials that used bioreactance technology which
is reported to have limited accuracy in the ICU setting (19).
Our systematic review focused on clinically relevant patient
outcomes and was congruent with recognized guidelines for
systematic review methodology.

This systematic review has potential limitations. The major-
ity of trials in this analysis involved a postsurgical ICU popu-
lation. The performance of FT-DYN in general intensive care
may differ from a surgical ICU setting and requires consider-
ation of limitations of individual dynamic variables in predict-
ing fluid responsiveness. Some of these limitations include the
presence of dysrhythmias, right ventricular dysfunction, intra-
abdominal hypertension, spontaneous respiratory effort, and
the use of low tidal volume ventilation; limitations that may
be mitigated by incorporating a passive leg raise into dynamic
assessments. The majority of trials were at high risk of bias
due to lack of blinding in the intervention arms, which may
have contributed to performance bias. Outcome assessment
was however blinded to treatment allocation in the majority
of trials which would serve to reduce the potential for system-
atic error. Mortality reported in trials was generally low, which
1544
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may limit the generalizability of findings to ICU populations
with greater illness severity. Secondary outcomes were largely
underreported. Funnel plot asymmetry indicates potential
publication bias with the underreporting of small trials show-
ing null effects or harm associated with the intervention; how-
ever, statistical imputation of these trials did not significantly
alter the summary effect measure for mortality. Statistical
heterogeneity among pooled secondary outcomes was moder-
ate, but generally explained by excluding a single outlier (with
preserved summary effect measures) or by varying magnitude
of treatment effects all favoring FT-DYN. Clinical heteroge-
neity also existed in the population analyzed based on fluid
responsiveness criteria, type of fluid administered, and tim-
ing and duration of interventions; however, these factors were
addressed in a thorough and extensive subgroup analysis.

CONCLUSION

In adult patients admitted to intensive care and requiring
acute volume resuscitation, goal-directed therapy guided by
assessment of fluid responsiveness appears to be associated
with reduced mortality, ICU length of stay, and duration of
mechanical ventilation. High risk of bias due to lack of blind-
ing limits the internal validity of published trials. High-quality
clinical trials in both medical and surgical ICU populations are
warranted to inform routine care.
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