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Abstract

One of the defining features of Acute Respiratory Distress Syndrome (ARDS) is non-cardiogenic
pulmonary edema, which results from increased permeability of the alveolar-capillary barrier and
passage of protein-rich fluid into the interstitium and alveolar spaces. The loss of protein from the
intravascular space disrupts the normal oncotic pressure differential and causes patients with
ARDS to be particularly sensitive to the hydrostatic forces that correlate with intravascular
volumes. Conservative fluid management, in which diuretics are administered and intravenous
fluid administration is minimized, may decrease hydrostatic pressure and increase serum oncotic
pressure, potentially limiting the development of pulmonary edema. However, the cause of death
in most patients with ARDS is multiorgan system failure, not hypoxemia, and the impact of
conservative fluid management on the incidence of extra-pulmonary organ failure during ARDS is
unclear. These physiologic observations have led to a series of studies examining the impact of
fluid management on the development of ARDS, resolution of ARDS, survival from ARDS, and
long-term outcomes from ARDS. While questions remain, the current literature makes it clear that
fluid management is an integral part of the care of patients with ARDS.

More than 30 years ago it was observed that ARDS survivors had a significantly lower
cumulative fluid balance than patients who did not survive their illness.! This clinical
observation has generated decades of debate and research on the role of fluid management
during ARDS.

The basic pathophysiology of ARDS suggests that fluid management may be important.
While ARDS can be triggered by a variety of insults, including pulmonary (pneumonia,
aspiration of gastric contents, pulmonary contusion) and extrapulmonary (trauma,
nonpulmonary sepsis, transfusion of blood products) sources,2~/ the final common pathway
of ARDS involves increased permeability of the alveolar-capillary barrier and accumulation
of protein-rich edema fluid in the interstitial and alveolar spaces.8:? The amount of edema
fluid, quantified by measurement of extravascular lung water (EVLW), has been shown to be
higher in patients with ARDS than similar patients with cardiogenic pulmonary edema.10
The passage of protein-rich fluid into the interstitium results in loss of the normal oncotic
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pressure differential between the intravascular and interstitial spaces. Patients with ARDS
are, therefore, more sensitive to the hydrostatic forces that accompany increases in
pulmonary capillary wedge pressure (PCWP) than patients with cardiogenic pulmonary
edema (Figure 1).11

Patients with ARDS, by definition, have a low clinical suspicion for cardiac failure or
volume overload as the primary cause of their pulmonary edema, but studies have shown
that elevations of PCWP are common in patients with confirmed ARDS. A retrospective
analysis of patients with pulmonary artery catheters from a trial of ventilator management in
ARDS showed that half of the ARDS patients spent significant portions of time with a
PCWP above 18 mmHg.b In a large, prospective trial of fluid management strategies in
ARDS, nearly one third of patients had a PCWP greater than 18 mm Hg at enrollment
(Figure 2).1213 There are various mechanisms that predispose patients with ARDS to
volume overload. In addition to the iatrogenic volume overload that may occur with
treatment of the initial systemic insult (particularly sepsis), positive pressure ventilation
decreases ventricular preload and also causes increases in endogenous levels of antidiuretic

hormone, renin, aldosterone, and angiotensin 11, all of which predispose to volume overload.
14-16

Early animal models of ARDS suggested that reducing intravascular volume reduced the
amount of pulmonary edema,1"=22 but it remained unclear if reducing edema would improve
clinical outcomes. Furthermore, most patients with ARDS do not die from hypoxemia, but
from multiorgan system failure.23.24 Concerns have persisted that conservative fluid
management in ARDS might increase the risk of other nonpulmonary organ failures,
particularly shock and acute kidney injury.25 A great deal of research has examined the
pulmonary and systemic effects of fluid management in patients at risk of ARDS and in
patients diagnosed with ARDS. Additional studies have explored the long-term outcomes
associated with different fluid management strategies and the effect of colloids in ARDS,
while others have attempted to identify subpopulations of patients with ARDS with
differential responses to fluid management strategies.

Fluid Management in Patients at Risk of ARDS

Most research on fluid management in ARDS has focused on patients who already meet
criteria for ARDS. A provocative group of studies, however, have examined the impact of
early fluid management in critical illness on the risk of developing ARDS.

In a retrospective analysis of 152 patients who developed ARDS following initiation of
mechanical ventilation for other reasons, Xiaoming et al.2 identified positive fluid balance
as a risk factor for the development of ARDS that remained significant after adjustment for
other risk factors, such as tidal volume and plateau pressure. In a large case-control study of
414 patients with hospital-acquired ARDS during a 10-year period in the medical or surgical
ICU at the Mayo Clinic, Ahmed et al.2” identified volume overload as a potentially
preventable cause of hospital-acquired ARDS. Finally, an observational study of patients
undergoing elective lung resections found that positive fluid balance was an independent risk
factor for ARDS.28
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Conversely, other studies have suggested that in patients at risk for ARDS from sepsis or
pancreatitis, inadequate initial fluid resuscitation may be associated with worse clinical
outcomes. In an observational study of patients with ARDS from septic shock in two large
medical centers,2? patient’s illnesses were divided into two periods: resuscitation (within six
hours of onset of vasopressors) and post-resuscitation. Patients were classified as having
inadequate fluid resuscitation if they received less than 20 ml/kg fluid bolus or failed to
achieve a central venous pressure (CVP) of at least 8 mm Hg during the resuscitation period.
Their subsequent management was classified as conservative or liberal fluid management.
Similar to previous studies, conservative fluid management during the post-resuscitation
period was associated with improved survival. During the resuscitation period, however, it
appeared that inadequate resuscitation was associated with worse survival. Though still
uncertain, it is possible that inadequate fluid resuscitation may accentuate systemic
inflammation, worsening the injury to the alveolar-capillary barrier and increasing the
accumulation of protein-rich edema fluid in the interstitial and alveolar spaces.

To date, there are no prospective clinical trials controlling fluid management strategy in
patients at risk of ARDS. The Crystalloid Liberal or Vasopressors Early Resuscitation in
Sepsis (CLOVERS) trial3® is an ongoing, multicenter trial comparing a restrictive fluid
strategy (prioritizing vasopressors early in resuscitation) to a liberal fluid strategy
(prioritizing intravenous fluid administration) in the first 24 hours after development of
sepsis-induced hypotension. The trial is expected to enroll 2,320 patients over three years. In
addition to the primary outcome of all-cause 90-day mortality, the development of ARDS
within the first 7 days of randomization will be examined as one of the prespecified
secondary outcomes.

In addition to the volume, the type of fluid administered to patients may also influence the
risk of developing ARDS. Massive transfusion of blood products has long been recognized
as a risk factor for ARDS in trauma patients,3! and recent studies have suggested that any
transfusion of blood products is an independent risk factor for ARDS, in medical and non-
trauma surgical patients.26:27:32-34 | 3 study of 688 critically ill patients from
Massachusetts General Hospital, Gong et al3* reported that transfusion of packed red blood
cells was associated with both an increased risk of developing ARDS and an increased risk
of mortality in patients with ARDS. The risk of ARDS correlates with the number of
transfused blood products, and the transfusion of fresh frozen plasma or platelets is

associated with an even greater risk of ARDS than the transfusion of packed red blood cells.
32,33

Trials attempting to limit unnecessary transfusions have shown potential in reducing the
incidence of ARDS. In the landmark Transfusion Requirements in Critical Care (TRICC)
trial, 3% which demonstrated that a transfusion threshold of 7.0 g/dl is safe for most critically
ill adults, the incidence of ARDS was numerically lower in the restrictive transfusion group,
compared to the liberal transfusion group (7.7% vs. 11.4%; P=0.06). In a double-blind
placebo-controlled trial of recombinant Factor Vlla in trauma patients, Factor Vlla was
associated with a reduction in transfusion requirements and a reduction in subsequent ARDS
(16% v. 4%; P=0.03) in the subgroup of patients with blunt trauma. Similarly, Yilmaz et al.
36 in a before-after study, reported that the institution of an interdisciplinary intervention
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designed to decrease the use of large tidal volumes and the administration of unnecessary
transfusions in mechanically ventilated patients was associated with a significant decrease in
the incidence of ARDS (10% vs. 28%; P<0.001), a relationship that remained significant in
analyses that adjusted for differences in baseline characteristics (odds ratio 0.21; 95%
confidence interval 0.10 to 0.40).

The pathophysiologic connection between blood product transfusion and the development of
ARDS is unclear. It has been proposed that transfusions are part of a “two-hit” model where
neutrophils are primed by an initial insult, like sepsis, and then activated by components of
transfused blood.37 A recent paper demonstrated that transfusion of packed red blood cells
induces necrotic cell death of human lung endothelial cells and enhances susceptibility to
lung inflammation through release of HMGB1.38 Several studies have proposed a
relationship between the storage duration of packed red blood cells and the risk of ARDS.
Prolonged storage has been shown to lead to the accumulation of proinflammatory
cytokines, such as I1L-1, IL-8, and TNF-a.,3% and oxidants such as free hemoglobin and
isoprostanes.#0 In one retrospective study it was demonstrated that transfusion of blood with
longer median storage duration was associated with a higher risk of subsequent ARDS in
patients with sepsis.#? Recently, however, three large, multicenter trials enrolling thousands
of patients failed to show any relationship between the age of transfused red blood cells and
the outcomes of critically ill adults, calling these mechanisms into question.42-44

Fluid Management during ARDS

Most studies of fluid management during ARDS have focused on the days following the
diagnosis of ARDS. Building on a series of observational studies showing that a negative
fluid was associated with improved survival,*>~47 a provocative observational study reported
that patients with ARDS whose PCWP decreased during their hospitalization experienced
improved survival,*8 prompting interest in goal-directed diuresis protocols. In addition to
decreasing the hydrostatic pressure associated with elevated PCWP, it was proposed that
diuresis could increase the serum oncotic pressure, which might further limit the progression
of pulmonary edema.

Early trials of fluid management in ARDS used a range of metrics to target diuresis,
including fluid balance, CVP, PCWP, and EVLW. These studies were limited by small size
and heterogeneity of interventions and outcomes. A single-center trial of 40 patients with
ARDS compared a protocol that guided fluid management based on EVLW measurements to
usual care and failed to show a difference in outcomes.® Another trial of 89 patients with
respiratory failure of any etiology from a single ICU compared a protocol of conservative
fluid management (based on a goal EVLW) to a liberal strategy that targeted a PCWP of 10—
17 mmHg and demonstrated that the conservative strategy was associated with a lower fluid
balance, fewer ventilator days, and a shorter ICU length of stay.%° Finally, a study of 37
patients with ARDS and hypoproteinemia demonstrated that a five-day protocol of albumin
and continuous furosemide lead to improvement in fluid balance (=3300 mls vs 500 mls),
oxygenation, and hemodynamics, compared to dual placebo.>!
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The definitive trial evaluating fluid management during ARDS was the Fluid and Catheter
Treatment Trial (FACTT).12 FACTT was a large, multicenter trial that randomized 1,001
ventilated patients within 48 hours of their ARDS diagnosis to conservative versus liberal
fluid management. The liberal fluid strategy prioritized end-organ perfusion, and the
conservative approach prioritized pulmonary function to facilitate weaning from mechanical
ventilation.?® The trial used a sophisticated protocol that called for either diuresis or fluid
boluses to target a PWCP < 8 mm Hg or CVP <4 mm Hg in the conservative group, and a
PWCP of 14-18 or a CVP of 10-14 in the liberal group. Importantly, the protocol only
dictated management for patients who were not in shock, and diuretic administration was
suspended until 12 hours after a fluid bolus or the reversal of shock. The trial achieved an
impressive difference in cumulative fluid balance over the first seven days of the study with
a mean fluid balance of =136 ml in the conservative group compared to 6992 ml in the
liberal group. The authors noted that the fluid balance in the liberal group closely
approximated that observed in two prior large randomized trials of ARDS, which controlled
tidal volume and positive end-expiratory pressure but deferred fluid management to treating
clinicians.52:53

Despite the impressive difference in fluid balance, the primary outcome of 60-day in-
hospital mortality did not significantly differ between groups (25.5% in the conservative
strategy group vs. 28.4% in the liberal-strategy group; 95% confidence intervals for absolute
risk difference, —2.6 to 8.4%; P=0.30). The conservative-strategy group experienced more
ventilator-free days (14.6 vs. 12.1; P < 0.001) and more ICU-free days (13.4 vs 11.2; P <
0.001). The difference in fluid balance also did not appear to affect the severity of shock or
the incidence of any extra-pulmonary organ failures, including acute kidney injury. In fact,
numerically fewer patients received renal replacement therapy in the conservative fluid
management than in the liberal fluid management group (10% vs. 14%; P=0.06).

A recent meta-analysis of all randomized controlled trials of fluid management during
ARDS mirrored the results of the FACTT trial, demonstrating no statically significant
difference in mortality between patients receiving conservative and liberal fluid management
strategies (relative risk 0.91; 95% confidence interval, 0.77 to 1.07), but an increase in the
number of ventilator-free days and ICU-free days with conservative fluid management.12

Since the FACTT trial, efforts have continued to determine the effects of fluid management
on kidney function. The original FACTT trial reported no difference in the incidence of
dialysis or renal failure as defined by the Brussels Organ Failure criteria (serum creatinine >
2 mg/dL).12 An analysis using the more-recent Acute Kidney Injury Network consensus
definition of acute kidney injury (an absolute rise in creatinine of >0.3 mg/dL or a relative
change of >50% over 48 hrs), appeared to suggest that conservative fluid management may
have been associated with a greater incidence of acute kidney injury (57% vs. 51%; P=0.04).
54 Experts have pointed out, however, that fluid balance may affect the measurement of
serum creatinine because creatinine is distributed throughout the intracellular and
extracellular fluid compartments.5® This would suggest that conservative fluid management
could artificially elevate creatinine measurements, leading to over-diagnosis of acute kidney
injury from hemoconcentration. Conversely, liberal fluid management could cause
hemodilution and under-diagnosis of acute kidney injury. In an interesting analysis, Liu et al.
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54 recalculated all of the creatinine measurements from the FACTT trial with adjustment for
fluid balance and demonstrated that adjustment for fluid balance changed the classification
of acute kidney injury in 185 patients (18.5%). It also appeared that the adjusted
classification system was a better predictor of mortality than unadjusted creatinine
measurements. Following adjustment for fluid balance, the incidence of acute injury was
lower in the conservative fluid management group (58% vs. 66%; P=0.007).

Long-term Outcomes of Conservative Fluid Management during ARDS

One weakness of the majority of studies of ARDS, including the FACTT study, is the lack of
systematic collection of long-term outcomes. In recent years the field of critical care has
experienced a growing appreciation that survivors of critical illness experience high rates of
prolonged physical and cognitive impairments,>6-58 and there has been a movement to
include routine assessment of long-term outcomes as part of many investigations into the
effectiveness of an intervention in critical care.>9 In this context, a follow-up study of
cognitive function in survivors of the FACTT trial raised interesting questions about the
long-term cognitive impacts of conservative fluid management.t0 In the initial FACTT study,
cognitive function was assessed during the index hospitalization via the Glasgow Coma
Scale, a crude measurement at best of cognitive function. In this analysis, it appeared that
conservative fluid management was associated with an increase in the number of days with a
normal Glasgow Coma Scale (18.2 vs. 17.2; P=0.03). The authors postulated several
possible explanations including that conservative fluid strategy might prevent cerebral
edema or decrease sedation requirement as a consequence of earlier improvement in lung
function and earlier removal from mechanical ventilation.12

In a follow-up study, Mikkelsen et al.%0 assessed neuropsychological function at two and
twelve months post-hospital discharge in survivors of the FACTT trial using a telephone
battery of tests. The tests took 45 to 60 minutes to administer and had been previously
validated against in-person assessments, specifically in survivors of ARDS.61-63 They found
that lower PaO,, lower CVP, and enrollment in the conservative fluid-management arm were
associated with cognitive impairment at 12 months, and lower PaO, and conservative fluid-
management strategy remained independently associated with cognitive impairment in
multivariable analyses. The mechanism through which conservative fluid management might
cause cognitive impairment remains unclear. They noted that lower CVP, one of the targets
of conservative fluid management, was associated with cognitive impairment, but there was
no evidence of reduced cerebral perfusion in the conservative fluid group as cardiac index
and systolic blood pressure were similar between the two groups. The authors acknowledged
that the major limitation of the study was the significant rate of attrition between the initial
study and the measurement of long-term outcomes. Of the 1,001 patients enrolled in the
FACTT ftrial, only 75 patients (7.5%) completed all testing. The possibility of selective loss
to follow-up and lack of accounting for the competing risk of death by 12 months limits
interpretation of these study results, and highlights the challenges of understanding the
effects of fluid management on long-term outcomes among critically ill patients.
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Choice of Intravenous Fluids in ARDS

Patients with ARDS frequently experience hypoproteinemia due to hemodilution and loss of
protein through leakage into the interstitial and alveolar spaces. The loss of serum oncotic
pressure that accompanies hypoproteinemia may worsen the non-cardiogenic pulmonary
edema of ARDS and limit diuresis. These observations have driven interest in the effect of
albumin administration in patients with ARDS.

In a follow-up to their trial of albumin and furosemide compared to dual placebo,! Martin
et al. examined the specific benefit of colloid administration in a multicenter study of 37
patients with ARDS and hypoproteinemia who were randomized to albumin and furosemide
or furosemide alone.84 They found that the addition of albumin improved fluid balance,
oxygenation, and hemodynamics, compared to placebo.

The SAFE study was a large multicenter trial of albumin vs. saline as the primary
resuscitation fluid for 6,997 critically ill adults. %> The SAFE study enrolled all adults
admitted to the intensive care units of 16 academic hospitals in Australia and New Zealand.
Overall, the study showed no difference in the rate of death, new organ failure, ICU length
of stay, hospital length of stay, or duration of mechanical ventilation. In a prespecified
subgroup analysis of the 127 patients with ARDS from the SAFE trial, the relative risk of
death with albumin, compared to saline, was 0.93 (95% confidence intervals, 0.61 to 1.41;
P=0.72). The ALBIOS study was designed to evaluate the effect of albumin administration
in patients with sepsis, another subgroup that demonstrated a potential benefit from albumin
in the SAFE study (relative risk for mortality, 0.93; 95% confidence intervals, 0.61 to 1.41;
P=0.09). The ALBIOS study randomized 1,818 patients with sepsis to 20% albumin and
crystalloid solution or crystalloid solution alone.88 There was no significant difference in
mortality (relative risk, 0.94; 95% CI, 0.85 to 1.05; P=0.29), or any of the pre-specified
secondary outcomes. ARDS was not evaluated as a baseline characteristic or outcome of the
ALBIOS trial.

A recent systematic review and meta-analysis highlighted the paucity of data on albumin in
ARDS and called for a large, prospective clinical trial.5” It is noteworthy that while the
relative risk for mortality was not significantly different in the meta-analysis (relative risk of
death of 0.89; 95% confidence interval, 0.63 to 1.28; P=0.54) or any of the individual trials,
the point estimate favored albumin in each of these analyses, and the 95% confidence
interval includes clinically meaningful differences.

No studies have evaluated whether the choice of intravenous crystalloid solution affects the
risk of ARDS or the outcomes of patients with ARDS. Two recent trials reported, however,
that the administration of balanced crystalloids (such as lactated Ringer’s solution or
Plasma-Lyte A) rather than saline (0.9% sodium chloride), improved outcomes in a broad
population of critically and non-critically ill adults.58:6° The benefit in clinical outcomes
with balanced crystalloids in these trials appeared to be strongest among patients with
sepsis, many of whom may also have had ARDS. Further data on the relationship between
intravenous crystalloid composition and outcomes in ARDS may be provided by the
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ongoing Plasma-Lyte 148 v Saline (PLUS) study and Balanced Solution versus Saline in
Intensive Care Study (BaSICS).70.71

Identifying Groups Likely to Benefit from Conservative Fluid Management

One proposed reason for the difficulty in finding effective treatments for patients with
ARDS is that ARDS may represent multiple distinct illnesses with differential responses to
treatments.”2 This recognition has prompted a series of examinations of previous trials for
variables capable of separating “responders” from “non-responders”.

The design of the original FACTT trial itself evaluated one potential tool for distinguishing
patients likely to benefit from conservative versus liberal therapy: invasive assessment of
individual patients” hemodynamics. Every patient enrolled in FACTT was randomized to
conservative or liberal fluid management and to a second, factorialized, trial of
hemodynamic assessment by central venous catheter or pulmonary-artery catheter.
Pulmonary-artery catheters did not improve survival or organ function, and there was no
interaction between the type of hemodynamic monitoring and the fluid management
approach.13

In a secondary analysis of the 609 patients from FACTT who had a CVP available at
enrollment and were not in shock, Semler et al.”3 evaluated the effect of initial CVP on
subsequent response to fluid management strategy. For patients with an initial CVP greater
than 8 mmHg, the fluid management strategy did not affect mortality (18% versus 18%,
P=0.93). For patients with a CV/P less than or equal to 8 mmHg, conservative fluid
management was associated with decreased mortality (17% versus 36%, p=0.005), and
multivariable analysis confirmed that initial CVP modified the effect of fluid strategy on
mortality (P value for interaction=0.031). The authors postulate several possible
explanations for this relationship. Increases from a low filling pressure may cause
pulmonary edema while changes from high filling pressures may have less effect, because
clearance of pulmonary edema may be slower than its development. A low CVP could be a
surrogate for other factors that portend a good response to conservative fluid management
such as age, BMI, or nutritional status. Finally, the authors suggest that the difference could
be mediated by the differential use of the two therapies dictated by the protocol: fluid
boluses for patients with low CVPs and diuretics for patients with high CVPs.

Beyond examining whether hemodynamic measurements of volume status modify the effect
of fluid strategy on outcome, a series of trial have evaluated biomarkers anticipated to
modify the effect of fluid management on outcome. In a post-hoc study of 625 patients with
adequate banked plasma from the FACTT trial, Semler et al.”* measured B-type Natriuretic
Peptide (BNP) and aldosterone levels, two potential markers of intravascular volume status,
to determine if they modified the effect of fluid management strategy on clinical outcomes.
BNP levels were significantly elevated and broadly distributed in patients with ARDS, but
did not predict mortality, correlate with fluid balance, or modify the effect of fluid
management strategy. By contrast, aldosterone levels were clustered near the normal range
but seemed to modify the effect of fluid management strategy on mortality (P value for
interaction = .01). In patients with low aldosterone concentrations, conservative fluid
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management increased ventilator-free days (17.1 vs. 12.5; P < 0.001) and decreased
mortality (19% vs 30%, P = 0.03).

An approach to differentiating potential responders from non-responders that has generated
significant recent excitement is the use of latent class analysis.”® Calfee et al have applied
latent class analysis to severe ARDS cohorts to identify a subpopulation of ARDS patients
with a “hyperinflammatory” subphenotype. This subphenotype appears to be reproducible
across trials and represents approximately one third of all patients with ARDS. Patients with
the “hyperinflammatory” subphenotype are more likely to have sepsis, acidosis, require
vasopressors, and have increased plasma levels of interleukin-6, interleukin-8, and tumor
necrosis factor a. The two subphenotypes have been shown to have a differential response to
PEEP with the “hyper-inflammatory” phenotype experiencing improved mortality with a
high PEEP strategy, while the less inflammatory phenotype experienced worsened mortality
with a high PEEP strategy. Recently, Calfee et al.”® performed a similar reanalysis of the
FACTT trial and demonstrated that the hyper-inflammatory phenotype had worse survival
with conservative fluid management (60-day mortality, 49% vs 39%) while the less
inflammatory phenotype experienced improved mortality with conservative fluid
management (60-day mortality, 17% vs. 24%) (P value for interaction=0.009).

Finally, in a recent, provocative analysis, Jolley et al’’ re-examined patients who had
participated in a prospective follow-up study to the FACTT trial, the Economic Analysis of
Pulmonary Artery Catheters study. This study collected 1-year follow up data on 655 of the
1,000 patients enrolled in the FACTT trial. Using predictive modeling to estimate the 1-year
mortality for all non-Hispanic black and white patients randomized in the FACTT trial, the
authors reported a significant interaction between race and fluid treatment (P value for
interaction = 0.01). One-year mortality was significantly lower for black subjects assigned to
conservative fluid management (38% vs. 54%; P=0.03). In white patients, conversely, 1-year
mortality was not significantly different between the conservative and liberal fluid
management groups (35% vs. 30%; P=0.23).

Research Priorities for Fluid Management in ARDS

In the last several decades, basic science, translational, and clinical research has dramatically
improved our understanding of fluid management in critical illness, generally. Although
some of these studies have specifically addressed fluid management for patients with ARDS
(or provide insights applicable to ARDS from related diseases like sepsis) major questions
remain unanswered regarding the optimal fluid management for patients at risk for or
diagnosed with ARDS (Table 1).78-80 Whether conservative fluid management early in
sepsis resuscitation reduces the risk of ARDS development may be informed by the ongoing
CLOVERS trial, or other similar studies. While the FACTT trial demonstrated that
conservative fluid management increases ventilator-free days for patients with ARDS, the
effect on mortality remains unknown — and whether any benefit are mediated by use of
diuretics, limitation of intravenous fluid administration, or both requires further
investigation. The FACTT trial initiated conservative fluid management after the resolution
of shock, and whether limiting fluid administration and initiation diuretics during shock
would be safe or effective remains unclear. Whether use of human albumin solution rather
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than crystalloids (with or without diuretics) improves pulmonary function and clinical
outcomes urgently requires further evaluation. The effects of fluid choice, fluid dose, and
fluid balance during each phase of ARDS on long-term outcomes require careful,
prospective evaluation in rigorously designed randomized clinical trials. Similarly, whether
pre-specified approaches to ARDS subphenotyping can be used to prospectively identify
patients that will benefit from conservative or liberal fluid management merits evaluation in
a prospective clinical trial.

Conclusions

ARDS is characterized by decreased pulmonary vascular permeability and non-cardiogenic
pulmonary edema, making fluid management a natural therapeutic target to improve patient
outcomes. Currently, limited data inform the optimal approach to early fluid resuscitation for
patients at risk for ARDS or the optimal fluid choice for patients with ARDS. A single,
large, high-quality randomized trial suggested conservative fluid management should be the
standard approach to patients with known ARDS who are no longer in shock, but the long-
term cognitive outcomes of such an approach should be more rigorously evaluated. Recent
research has proposed baseline variables that may be able to differentiate subpopulations
within ARDS which will respond better to conservative or liberal fluid management —
additional work is urgently needed to develop and validate such personalized approach to
fluid management in ARDS. Today, appropriate management of patients with ARDS should
include a careful, daily assessment of volume status, fluid balance, and potential for diuresis.
In the future, fluid management research in ARDS should seek to definitively address the
fundamental and unanswered questions of: Which fluid?...when?...how much?...and to
whom?
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Figure 1. Effect of pulmonary capillary wedge pressure (PCWP) on extravascular lung water
(EVLW).
The non-cardiogenic pulmonary edema of ARDS is caused by increased permeability of the

alveolar-capillary barrier and passage of protein-rich fluid into the interstitium and alveolar
spaces. EVLW, a measurement of the volume of pulmonary edema fluid, has been shown to
be higher in ARDS than in cardiogenic pulmonary edema.10 In ARDS, loss of protein from
the intravascular space disrupts the normal oncotic pressure differential between the
intravascular and interstitial spaces. This makes patients with ARDS very sensitive to the
effects of intravascular volume. Experiments have shown that the same increase in PCWP
will lead to a greater accumulation of pulmonary edema fluid in patients with ARDS than in
those with cardiogenic pulmonary edema.11
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Figure 2.
The distribution of baseline pulmonary artery occlusion pressure and central venous pressure

measurements from patients in the FACTT trial.13 About one-third of patients had a baseline
pulmonary artery occlusion pressure above 18 cm H20 although relatively few had
pressures above 20 cm of H20 and/or low cardiac output.
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Table 1.

Priorities for Fluid Management Research in ARDS.

Page 17

Important Ongoing Trials

Phase of
ARDS

Crystalloid Liberal or Vasopressors Early Resuscitation in Sepsis (CLOVERS) trial

Multicenter trial (NCT03434028) comparing early vasopressors to a liberal fluid strategy in the first 24 hours after
development of sepsis-induced hypotension. This trial may provide definitive evidence regarding the effect of early fluid
management on the development of ARDS.

Development

High Priority Topics Needing Further Study

Timing of Initiation of Diuresis

The FACTT trial began fluid restriction and diuresis 12 hours after the resolution of shock. Future trials should evaluate
the impact of conservative fluid management beginning early after ARDS diagnosis, even among patients who remain in
shock. CLASSIC2 (NCT NCT03668236) will investigate use of conservative fluid management during shock, but not
specifically for patients with ARDS.

Acute Iliness

Extravascular Lung Water (EVLW)

Development

Recent secondary analyses of the FACTT trial have raised concerns about the long-term impact on cognitive and renal
outcomes of conservative fluid management. Future trials of fluid management in ARDS should plan to rigorously and
systematically collect these outcomes using valid long-term outcome measures.

Numerous small trials have demonstrated that measurement of EVLW may predict outcomes of patients with ARDS. and Acute
Future trials should evaluate the use of EVLW as a bedside measurement to guide volume management (resuscitation and IlIness
diuresis).

Albumin Acute Iliness

Several small trials have suggested that albumin may improve outcomes in ARDS, particularly when paired with
diuretics. Future large trials are needed to evaluate the impact of albumin administration in patients with ARDS. This
question could be factorialized with a trial examining timing of diuresis.

Subphenotyping Acute Iliness

Several methods have shown potential in differentiating patients likely to benefit from conservative or liberal fluid
management. Prospective trials are needed to validate the use of these markers in guiding fluid management strategy.

Long-term Outcomes Recovery
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