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Fluid restriction is superior
in acute lung injury and ARDS

B ABSTRACT

Restricting fluid intake and promoting fluid excretion

(a "dry” or conservative strategy) is more effective than
a "wet" or liberal strategy in patients with acute lung
injury and acute respiratory distress syndrome. In a
multicenter, randomized, prospective clinical comparison
of the two strategies in 1,000 patients, those in the
conservative-strategy group experienced faster
improvement in lung function and spent significantly
fewer days on ventilation and in the intensive care unit
(N Engl J Med 2006; 354:2564-2574). No significant
differences were observed in the incidence of death by 60
days or of nonpulmonary organ failure at 28 days except
for days of central nervous system failure, which were
fewer in the conservative-strategy group.

B KEY POINTS
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In the conservative-strategy group, the target filling
pressures were a pulmonary artery occlusion pressure less
than 8 mm Hg for those with a pulmonary artery catheter
and a central venous pressure less than 4 mm Hg for
those with only a central venous catheter. Pressures were
brought into these ranges by diuresis.

The conservative-strategy group did not experience more
frequent need for dialysis or more shock.

Although the number of adverse events—particularly,
metabolic alkalosis and electrolyte imbalance—was
significantly higher in the conservative-strategy group, the
overall incidence was low.
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A LTHOUGH MOST CLINICIANS tend to
manage acute lung injury (ALI) and
acute respiratory distress syndrome (ARDS)
by giving more rather than less fluid,!,2
patients may actually fare better under a strat-
egy of limited fluid intake and increased fluid
excretion.

According to the results of the Fluids
and Catheters Treatment Trial (FACTT),3
patients managed with fluid restriction (the
“dry” or conservative strategy) spent signifi-
cantly less time in the intensive care unit
(ICU) and on mechanical ventilation than
did patients who received a high fluid intake
(the “wet” or liberal strategy). These bene-
fits of the conservative strategy were
attained without any increase in the mortal-
ity rate at 60 days or in nonpulmonary organ
failure at 28 days.

In this article, I discuss the basis for the
FACTT researchers’ conclusion that a conser-
vative fluid strategy is preferable to a liberal
fluid strategy in ALI/ARDS.

B STUDY RATIONALE

One of the more enduring questions in critical
care medicine is which fluid-management
strategy is best for patients with ALI/ARDS.
The conservative strategy results in a
lower vascular filling pressure, which in turn
reduces pulmonary edema and improves gas
exchange. The drawback to this strategy is
that it may have a negative effect on cardiac
output and nonpulmonary organ function.

Medical Grand Rounds articles are based on edited transcripts from
presentations at Cleveland Clinic. They are approved by the author but are
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Baseline characteristics:

No statistically significant differences between the groups

CHARACTERISTIC CONSERVATIVE LIBERAL
(“DRY") STRATEGY ("WET") STRATEGY
(N = 503) (N = 497)
Age (years) 50.1 49.5
Hemodynamic variables
Mean arterial pressure (mm Hg) 77.1 77.2
Central venous pressure (mm Hg) 11.9 12.2
Pulmonary artery occlusion pressure (mm Hg) 15.6 15.7
Pulmonary artery occlusion pressure > 18 mm Hg (%) 30 29
Cardiac index (L/minute/m2) 4.2 43
Mixed venous oxygen saturation (%) 69.0 69.0
Vasopressor use (%) 31 35
Respiratory variables
Tidal volume (mL/kg of predicted body weight) 7.4 7.4
Plateau pressure (cm H,0) 26.2 26.2
Pao,:Fio, 157 153
Oxygenation indexa 13.0 13.0
Positive end-expiratory pressure (cm H,0) 9.4 9.5
Lung injury scoreb 2.7 2.7
Renal and metabolic variables
Blood urea nitrogen (mg/dL) 232 241
Creatinine (mg/dL) 1.24 1.29
Bicarbonate (mmol/L) 225 22.0
Hemoglobin (g/dL) 10.4 10.4

aMean airway pressure x Fi0,:Pao, x 100

bScores can range from 0 to 4, with higher scores indicating more severe lung injury
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The liberal strategy results in a higher vas-
cular filling pressure, which may be beneficial
in terms of cardiac output and nonpulmonary
organ perfusion. However, this strategy does
not reduce lung edema.

The evidence accumulated before
FACTT did not favor one strategy over the
other. However, most deaths among patients
with ALI/ARDS are attributable to the failure
of organs other than the lungs.4> As a result,
aggressive fluid restriction has not been a com-
mon approach in hospitals throughout the
United States.1,2

In an effort to resolve the controversy sur-
rounding the management of ALI/ARDS and
to broaden the scope of what we know about
fluid balance, we undertook this multicenter,
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randomized, prospective clinical comparison
of the two strategies. This study was conduct-
ed under the auspices of the National Heart,
Lung, and Blood Institute’s Acute Respiratory

Distress Syndrome Clinical Trials Network
(ARDSnet).

M STUDY DESIGN

Between June 8, 2000, and October 3, 2005,
we screened more than 11,000 patients with
ALI/ARDS at 20 centers in North America.

Eligibility
Eligible patients had experienced ALI/ARDS

within the previous 48 hours, had been intu-
bated for positive-pressure ventilation, had a
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An enduring

question:

which fluid
management

strategy is best
in ALI/ARDS?
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Most physicians
use a liberal
fluid strategy
in ARDS, but it
may be wrong
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ratio of partial pressure of arterial oxygen
(Pa0;) to the fraction of inspired oxygen
(F10,) of less than 300, and exhibited bilater-
al infiltrates on chest radiography that were
consistent with the presence of pulmonary
edema without evidence of left atrial hyper-
tension.6

Major exclusion criteria included the
placement of a pulmonary artery catheter
prior to randomization and the presence of
certain illnesses that might have compro-
mised the study results.

Patient population

The target enrollment of 1,000 patients was
reached. These patients were randomized into
one of four roughly equal groups based on the
type of fluid-management strategy—conserva-
tive or liberal—and the type of catheter that
was placed—pulmonary artery or central
venous. (The ARDSnet researchers published
the results of the catheter comparison in a
separate article.? Those results are not dis-
cussed here except to note that there were no
statistically significant differences in out-
comes between the two catheter groups.)

There were no statistically significant dif-
ferences between the two groups with respect
to baseline demographic characteristics. The
conservative-strategy group consisted of 503
patients, of whom 52% were male and 65%
were white; the mean age was 50.1 years. The
liberal-strategy group consisted of 497
patients, of whom 55% were male and 63%
were white; mean age was 49.5 years.

With some minor exceptions, there were
no significant differences with respect to the
various causes of ALI/ARDS, the type of
coexisting conditions, the presence of shock,
and overall general health. About half of all
patients in both groups had pneumonia, and
about one fourth in each had sepsis. Likewise,
no significant differences were observed
between the treatment groups in the hemody-
namic, respiratory, renal, and metabolic vari-
ables (7aBte 1). (Unless otherwise noted, all
comparison values in the remainder of this
article are mean values.)

Management
Ventilation according to a low tidal volume
strategy (6 mg/kg) was initiated within 1 hour
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after randomization. The pulmonary artery
catheter or central venous catheter was insert-
ed within 4 hours of randomization, and fluid
management was started within 2 hours after
catheter insertion. Fluid management was
continued for 7 days or until 12 hours after
extubation in patients who became able to
breathe without assistance, whichever
occurred first.

Target filling pressures. In the conserva-
tive-strategy group, the target filling pressures
were low—a pulmonary artery occlusion pres-
sure less than 8 mm Hg for those randomized
to receive a pulmonary artery catheter, and a
central venous pressure less than 4 mm Hg for
those randomized to receive a central venous
catheter. Barring adverse effects, patients were
to undergo diuresis with furosemide (Lasix)
until their goal was achieved, and then they
would be maintained on that dosage through
day 7. If we experienced difficulty in safely
reaching these goals—say, if a patient devel-
oped hypoxemia, oliguria, or hypotension—
we backed off the diuresis until the patient
stabilized, and then we tried again. An inabil-
ity to reach these filling pressure targets was
not considered to be a treatment failure; our
actual aim was to get as close to the target as
possible as long as the patient tolerated the
treatment.

In the liberal-strategy group, the target
pressures were in the high-to-normal range—
14 to 18 mm Hg for those with a pulmonary
artery catheter and 10 to 14 mm Hg for those
with a central venous catheter.

Patients with a pulmonary artery catheter
who were hemodynamically stable after 3 days
could be switched to a central venous catheter
at the discretion of the clinician.

Monitoring. Patients were monitored
once every 4 hours—more often if the clini-
cian felt it necessary—for four variables:
® Pulmonary artery occlusion pressure or

central venous pressure, depending on the

type of catheter
e Shock, indicated by a mean arterial pres-
sure of less than 60 mm Hg or the need for

a vasopressor
e QOliguria, indicated by a urine output of

less than 0.5 mL/kg/hour
® [Ineffective circulation, represented by a

cardiac index of less than 2.5 L/minute/cm?2
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aALVEOLI trial: Assessment of Low Tidal Volume and Elevated End-expiratory Volume to Obviate Lung Injury

(N Engl J Med 2004; 351:327-336).

bARMA trial: Prospective, Randomized, Multi-Center Trial of 12 mL/kg/ Tidal Volume Positive Pressure Ventilation for
Treatment of Acute Lung Injury and Acute Respiratory Distress Syndrome (N Engl J Med 2000; 342:1301-1308).

FIGURE 1. Cumulative fluid balance in the two study groups and in two earlier studies in
which fluid management was not specified by protocol.

THE NATIONAL HEART, LUNG, AND BLOOD INSTITUTE ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS) CLINICAL TRIALS NETWORK.
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in the pulmonary artery catheter group and

by the presence of cold, mottled skin and a

capillary-refilling time of more than 2 sec-

onds in the central venous catheter group.

Depending on what the clinician found
during monitoring, patients could receive a
fluid bolus (if the filling pressure was too low),
furosemide (if the filling pressure was too
high), dobutamine (in certain rare circum-
stances), or nothing.

We monitored compliance with the pro-
tocol instructions twice each day—at a set
time each morning and later in the day at a
randomly selected time. An important aspect
of this study is that we had no protocol
instructions for managing shock. Individual
clinicians were free to treat shock however
they deemed best. In essence, then, our study
was a comparison of liberal and conservative

strategies during the nonshock phase of
ALI/ARDS.

End points
The primary end point was the mortality rate
at 60 days. Patients who were discharged ear-
lier were assumed to be alive at 60 days.

The secondary end points were the num-
ber of ICU-free and ventilator-free days and
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the number of organ-failure-free days at day
28. Other end points included various indica-
tors of lung physiology.

Statistical analysis

This intention-to-treat analysis was powered
so that we had a 90% chance of detecting a
10% difference in mortality rate at day 60 (sta-
tistical significance: P < .05).

Protocol safeguards

Prior to treatment, we knew that some conservative-

patients in the liberal-strategy group would

The liberal-

strategy group

gained about

7L in 1 week,
vs no change

in the

not reach their filling-pressure targets despite strategy group

the infusion of large amounts of fluid. To avoid
“overdosing” these patients, we limited all
patients to a maximum of three fluid boluses
per 24 hours. Also, we withheld fluid boluses
if a patient’s FIO; level reached or exceeded
0.7 or if the cardiac index rose to 4.5
L/minute/cm? or higher.

Diuretics were withheld when a patient
had received a vasopressor or had emerged from
shock within the preceding 12 hours. Also,
diuretics were not given to any patient who had
received a fluid bolus within the preceding 12
hours or when renal failure was present (these
patients were given renal support therapy).
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FIGURE 2. Central venous pressure (top) and pulmonary
artery occlusion pressure (bottom) in the study groups.
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Finally, physicians and coordinators were
instructed to assess each protocol instruction
for safety and clinical validity before imple-
menting the particular instruction. If, in their
medical judgment, a particular protocol
instruction should not be implemented, they
were authorized to override the instruction
and record the reason for doing so in the case
report form.

B RESULTS

Protocol compliance

Clinicians adhered to the protocol instruc-

tions during approximately 90% of the time.
Diuretic administration. In response to
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high filling pressures, patients in the conserv-
ative-strategy and liberal-strategy groups
received furosemide during 41% and 10% of
assessment periods, respectively (P < .0001).
By day 7, the average patient in the conserva-
tive-strategy group had received a cumulative
dose of approximately 1,000 mg of furosemide,
while the average patient in the liberal-strate-
gy group had received 500 mg.

Fluid administration. Low filling pressures
prompted the administration of a fluid bolus to
the liberal-strategy group during 15% of the
assessment periods, compared with 6% in the
conservative-strategy group (P < .0001).

Fluid balance. By day 7, patients in the
liberal-strategy group had received an average
of about 1 L/day of fluid, for an overall net
gain of 7 L. The conservative-strategy group
had a net gain of O L by day 7 (riGure 1).8

The conservative-strategy patients who
were in shock at study entry had a net gain of
approximately 3 L of fluid by day 7, while the
liberal-strategy group had a gain of approxi-
mately 10 L. Among the patients who were
shock-free at baseline, the conservative-strat-
egy group had a net loss of almost 2 L at day 7
while the liberal-strategy group had a net gain
of about 5 L.

Central venous pressure. At day 7, the
filling pressure in the conservative-strategy
group had fallen from 11.9 to slightly less than
9 mm Hg, meaning that not all patients met
their targets. The filling pressure in the liberal-
strategy group was essentially unchanged from
the baseline level of 12.2 mm Hg (riGure 2).

The pulmonary artery occlusion pres-
sure fell from 15.6 mm Hg to just below 13
mm Hg in the conservative-strategy group by
day 7, although there was a wide variation
among individual patients. The pressure in
the liberal-strategy group (15.7 mm Hg at
baseline) was unchanged at day 7 (riGure 2).

Primary end point
At 60 days, the mortality rate was 25.5% in
the conservative-strategy treatment group
and 28.4% in the liberal-strategy group; the
difference was not statistically significant
(P=.30) (riGURE 3).

Secondary end points
Through day 7, the average patient in the
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conservative-strategy group experienced sig-
nificantly more ICU-free days (0.9 vs 0.6; P <
.001) and more days free of central nervous
system (CNS) failure (3.4 vs 2.9; P = .02). No
significant differences were observed in the
number of days free from coagulation abnor-
malities and renal or hepatic failure at day 28.

Through day 28, the average patient in
the conservative-strategy group experienced
significantly more ventilator-free days (14.6 vs
12.1; P < .001). The other 7-day results held
up after 28 days, as the average conservative-
strategy patient continued to experience more
ICU-free days (13.4 vs 11.2; P < .001) and
more days free of CNS failure (18.8 vs 17.2; P
= .03). Again, no significant differences were
observed in the number of days free of coagu-
lation abnormalities and cardiovascular, renal,
or hepatic failure.

It is not clear if the conservative strategy’s
advantage in terms of more CNS-failure-free
days was actually the result of the strategy
itself or due to the fact that these patients
were weaned off ventilation earlier and there-
fore received less sedation.

Other outcomes
Shock. One concern we had with the
conservative strategy was that it might induce
shock more frequently, but this did not occur.
The percentage of patients who developed
shock at least once during the 7-day treatment
protocol was quite similar in the two groups.
Also, it is interesting that patients who pre-
sented with no baseline shock had only about
a 30% chance of developing shock during
therapy. There was no significant difference in
vasopressor use between the two groups.
Lung function. The conservative-strategy
group had a significantly better Murray lung
injury score at day 7: 2.03 vs 2.27 (P < .001).
Tidal-volume scores (7.4 mL/kg in both
groups at baseline) dropped at an equal rate
and were virtually identical at day 7 (6.36
mL/kg in the conservative-strategy group and
6.34 in the liberal-strategy group), as expect-
ed. The plateau pressure, positive end-expira-
ory pressure, Pa0,~FI0; ratio, and oxygenation
index were slightly but not significantly better
in the conservative-strategy group at day 7.
Overall, lung function was considerably
better in the conservative-strategy group.
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A conservative fluid strategy shortens
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FIGURE 3. Probability of survival to hospital discharge and
of breathing without assistance during the first 60 days

after randomization.
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Cardiovascular function. The mean arter-
ial pressure was significantly lower in the con-
servative-strategy group at day 7 (81.00 wvs
84.36 mm Hg; P = .03). It is interesting that
both levels were higher than the baseline levels
(77.1 and 77.2, respectively; not significant).

The stroke volume index and the cardiac
index were slightly lower in the conservative-
strategy group at day 7, but not significantly
so. No differences were seen in heart rate and
venous oxygen saturation levels.

Renal and metabolic function. At day 7,
the conservative-strategy group had a signifi-
cantly higher blood urea nitrogen level (33.62
vs 28.44 mg/dL; P = .009). No significant dif-
ferences were seen between the groups in cre-
atinine levels at day 7 and day 28.

At day 60, dialysis was needed by 10% of
the conservative-strategy group and 14% of
the liberal-strategy group (P = .06). The
important finding here is that there was no
trend toward a more frequent need for dialysis
in the conservative-strategy group. Also, the
average number of days on dialysis in the two
groups was essentially the same (11.0 and
10.9, respectively).
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Again, there was no difference in the
number of renal-failure-free days at either day
7 or day 28.

Hematologic factors. At day 7, the con-
servative-strategy group had significantly
higher hemoglobin (10.22 vs 9.65 g/dL) and
albumin (2.30 vs 2.11 g/dL) levels and capil-
lary osmotic pressure (19.18 vs 17.39 mm Hg),
even though significantly more patients in the
liberal-strategy group received transfusions
through day 7 (39% vs 29%; P = .0007).

Safety. Although the number of adverse
events—particularly, metabolic alkalosis and
electrolyte imbalance—was significantly
higher in the conservative-strategy group (42
vs 19; P = .001), the overall incidence was
low. No adverse event was associated with
arrthythmia.

B CONCLUSION

The two fluid-management protocols used in
this study were designed to be prudent yet dis-
tinctly different. While designing our proto-
col, we were concerned on the one hand that
despite our best efforts fluid balance would
turn out to be very similar in the two groups;
this did not happen. On the other hand, we
were also worried that the fluid level in one of
the two groups might turn out to be so bizarre
that it would invalidate our study; this too did
not occur. Therefore, we are pleased with the
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