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Fluid balance and weaning outcomes

Abstract Objective: To examine the
relationship of fluid balance and
weaning outcomes. Methods: We
prospectively collected demographic,
physiological, daily fluid balance
(measured inputs minus outputs), and
weaning data from 87 mechanically
ventilated patients. Patients: We ex-
amined 87 patients, a median age of
66 years, APACHE II of 22, and
performed 205 breathing trials (BT);
38 patients (44%) were successfully
extubated after their first BT with
minimal or no pressure support. Re-
sults: Positive fluid balance (in-
puts>outputs) in the 24, 48, and 72 h
and cumulatively (from hospital ad-
mission) prior to weaning were sig-
nificantly greater in weaning failures
than successes. Both univariate and
multivariate analyses, adjusted for
duration of mechanical ventilation
and presence of chronic obstructive
pulmonary disease, showed negative
cumulative fluid balance 24 h prior to
BTs (OR=2.9) and cumulative fluid
balance (OR=3.4) to be indepen-

dently associated with first-day
weaning success. Similar relation-
ships were demonstrated when all
weaning attempts were analyzed.
Negative fluid balance was as pre-
dictive of weaning outcomes as f/V,
(likelihood of success was 1.7 for
patients with negative fluid balance
24 h prior to weaning and 1.2 for
those with f/V,<100 min~" 17"). Al-
though administration of diuretics
was associated with more negative
fluid balance, it was not indepen-
dently associated with weaning out-
comes. Conclusions: These data
suggest that fluid balance, a poten-
tially modifiable factor, is associated
with weaning outcomes. A random-
ized study is required to determine
whether diuresis to treat positive fluid
balance expedites liberation from
mechanical ventilation.
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Introduction

Mechanical ventilation engenders significant risks to pa-
tients [1], and thus clinicians should strive to liberate
patients as quickly as possible. Minimizing the duration
of mechanical ventilation can be achieved by: (a) has-
tening repair of the pathophysiological abnormalities that
cause respiratory failure, (b) recognizing readiness for
liberation, and (c) preventing/minimizing complications
associated with mechanical ventilation. Most research

aimed at expediting liberation from invasive mechanical
ventilation has centered on methods of determining
readiness to breathe without the assistance of the venti-
lator [2, 3, 4] and without an artificial airway [5, 6]. A
preponderance of evidence suggests that liberation is
achieved most expeditiously if hemodynamically stable
patients with sufficient oxygenation are tested daily with
breathing trials and extubated when appropriate [2, 3, 4].
There is a paucity of research addressing methods of re-
pairing patients’ pathophysiological processes and iatro-
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genic complications to reduce the duration of respiratory
failure [7, 8].

Treatment of many critical illnesses requires volume
resuscitation in the early phases of illness. Institution of
mechanical ventilation itself commonly causes hypoten-
sion [9] due to reduced venous return [10] and adminis-
tration of sedatives that requires administration of fluids
to sufficiently refill the circulation. In a previous study we
demonstrated that negative fluid balance is associated
with survival in patients with septic shock [11]. It is
plausible that fluid administered commonly in the initial
resuscitation of critically ill patients must be retrieved
before patients can be weaned successfully. In this study
we hypothesized that fluid balance is associated with
weaning outcomes [12].

Methods

Our hospital institutional review committee approved conduct of
this study. All intubated patients admitted to our medical ICU be-
tween August 2002 and March 2003, who underwent breathing
trials (BT) for the purpose of considering them for a trial of extu-
bation, were eligible for the study. In our (“open-model”) ICU
weaning is guided by a nonmandatory protocol that is performed by
bedside nurses, respiratory therapists, and resident trainees who are
supervised by five Board-certified intensivists. Patients who are
hemodynamically stable without vasoactive medications, and
whose PaO,:FIO, ratio is 120 or higher are assessed with BTs
consisting of either T-piece or pressure support of 7 cmH,O or less.
There is no explicit protocol, but sedatives are stopped between 0.5
and 8 h prior to BT (depending upon the sedative). The BT is
terminated (and considered a failure) if patients develop: subjective
distress despite attempts of bedside personnel to allay their anxiety,
increments of heart rate of more than 20 beats/min, systolic blood
pressure higher than 20 mmHg, respiratory rate greater than 35
breaths/min, tidal volumes above 0.3 1, or sustained pulse oximetry
desaturations to more than 90% while inspiring 50% oxygen.
Subjective distress (during weaning failure) may include com-
plaints of breathlessness despite reassurance of bedside caregivers,
chest pain, agitation (e.g., flailing), or altered mentation. Those
who successfully complete a BT, and whose airway is judged
competent (i.e., ability to expectorate and follow simple com-
mands) are considered for a trial of endotracheal extubation. For
purposes of this study “weaning success” was defined as extubation
without artificial ventilation for at least 72 h. Patients who had a
tracheotomy were considered successfully weaned when they re-
mained off the ventilator for at least 72 h. Patients who failed or
who were reintubated within 72 h were defined as weaning failures.

A uniform data abstraction tool was used to gather data from
patients’ medical records. Demographic data including age, gender,
race, comorbidities and acute physiology, and APACHE II scores
on admission and on the first day of weaning were recorded.
Presence of left ventricular dysfunction was documented if there
was echo- or electrocardiographic evidence of left ventricular hy-
pertrophy and/or diastolic or systolic left ventricular dysfunction
cited in an echocardiogram report. On the day of each BT we noted
PaO,/FIO, ratio, prealbumin (if available), weaning parameters
[ratio of respiratory frequency to tidal volume (f/V,) measured on
CPAP=5 cmH,0], respiratory system resistance (peak pres-
sure—plateau pressure/flow), static respiratory compliance mea-
sured during assist control (V/plateau pressure—PEEP), and BT
outcome. Use of diuretics in the 24 h prior to or during the BT and
daily measured fluid inputs and outputs were recorded. Cumulative

fluid balance (including fluids, medications and blood products)
was defined as total inputs minus total outputs from the time of
endotracheal intubation to the day of the BT. Fluid balance in the
24 h prior to the BT refers to inputs minus outputs (tallied at
midnight) of the day prior to the BT.

The study enrolled 87 patients with a mean age of 63.8 years
(range 20-88, median 66; see Table 1), including 57 men and 30
women. Acute Physiology and Chronic Health Evaluation
(APACHE) II scores on admission ranged from 9 to 42, with a
mean of 22. The primary reasons for their ICU admissions and
intubation were airway protection for a variety of medical condi-
tions (n=33), pneumonia (n=27), congestive heart failure (n=9),
exacerbations of chronic obstructive lung disease (n=14), asthma
(n=4), sepsis (n=5), and a variety of other causes (n=8). The 87
patients underwent a total of 205 BTs: 42 T-piece, 151 pressure
support (<7 cmH,0, with or without PEEP), and 12 both.

The main outcome of interest was weaning failure or success.
Sensitivity, specificity, and likelihood ratios of predicting suc-
cessful weaning using negative fluid balances were computed and
compared with those obtained using the f/V,. Risk ratios (RRs)
were computed as the preferred measure of the strength of asso-
ciation between the predictive variables and the binary outcomes of
interest. Mean values of the continuous outcome variables were
compared across categories of potential predictors using analysis of
variance. Comparisons of median values were made using non-
parametric methods (Kruskal-Wallis and Mann-Whitney tests). For
grouped data the xz or Fisher’s exact test was used in comparing
differences in proportions between the two groups and in deriving p
values. Logistic regression analyses were performed to ascertain the
independent predictive potential of fluid balance, adjusting for
potential confounding variables. Criteria for inclusion of variables
in the logistic regression models were based on findings from prior
studies, current clinical practice and evidence of an association
(p<0.05) in the univariate analysis. The appropriateness of the fitted
model and its predictive utility were confirmed. Summary measures
of goodness of fit were evaluated using standard tests [13]. Anal-
yses were facilitated by the use of EPIINFO 2002 and STATIS-
TICA software packages. A p value less than 0.05 was used to
determine statistical significance.

Results

First-day weaning outcomes

Thirty-eight (44%) patients were successfully extubated
after their first BT. Table 1 compares characteristics of
those who were successfully extubated vs. those who
failed either the BT or extubation on their first day of
weaning. Patients who were successfully extubated had
significantly negative fluid balance in the preceding 24 h
(median —625 ml vs. +242 ml, p=0.01), 48 h (median
—828.50 vs. +733, p=0.01) and net negative cumulative
balance (median —633 vs. +920, p=0.06) compared to
those who failed. Patients with negative cumulative fluid
balance were more than twice as likely to be successfully
weaned than those with net positive balance (RR=2.2;
95%ClI=1.3-3.8). Patients who were successful had been
intubated for a shorter duration (median 2.0 vs. 3.0 days,
p=0.03) and had a lower f/V, (median 50 vs. 80 min~" 17",
p=0.005). Similarly, the mean PaO,/FIO, ratio was sig-
nificantly higher in weaning successes (median 231 vs.
196, p=0.03). Presence of chronic obstructive pulmonary
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Table 1 Characteristics of patients: median values (parentheses range); p values refer to comparisons between weaning successes and

failures (COPD chronic obstructive pulmonary disease)

Weaning success (n=39) Weaning failure (n=48) All patients (n=87) p
Age (years) 64 (20 to 88) 68 (22 to 86) 66 (20 to 88) 0.1
Sex: M/F 25/14 32/16 57/30 0.8
Ethnicity
White 32 30 62 0.5
Black 5 11 16 0.2
Hispanic 2 5 7 0.4
Other 0 2 2 -
Comorbidities (%)
Hypertension 64 63 63 0.9
Diabetes 41 35 38 0.6
COPD 28 50 40 0.04
Asthma 10 6 8 0.5
Pulmonary hypertension 28 21 24 0.5
Coronary artery disease 42 41 41 0.9
Chronic renal failure 23 13 17 0.2
Left ventricular dysfunction 69 68 69 0.9
Duration of ventilation (days) 2 (1to8) 3(1to 14) 3(1to14) 0.03
APACHE II (day of BT) 17 (3 to 30) 15 (3 to 25) 16 (3 to 30) 0.2
Fluid balance 24 h (ml) -625 (4,380 to +3,274) +242 (-3,923 to +4,272) -91 (—4,380 to +4,272) 0.01
Cumulative fluid balance (ml) —633 (8,232 to +9,534) +920 (-1,1760 +2,0483) —65 (-1,1760 to +2,0483) 0.06
Diuretics on day of trial 62% 51% 56% 0.2
Prealbumin (mg/dl) 14 (2 to 35) 12 (2 to 30) 13 (2 to 35) 0.8
f/V, (breaths min~" 17") 50 (13 to 260) 80 (17 to 300) 67 (13 to 300) 0.005
PaO,/F10, 240 (88 to 477) 244 (100 to 503) 240 (88 to 503) 0.9
Compliance (ml/cmH,0) 44 (22 to 76) 39 (13 to 80) 43 (13 to 80) 0.2
Left ventricular dysfunction (%) 69 68 69 0.6

Table 2 Predictive test characteristics of various measures of fluid balance and rapid shallow breathing index in predicting first-day
weaning success: percentages (PPV positive predictive value, NPV negative predictive value, LR likelihood ratio)

Sensitivity Specificity PPV NPV LR
f/V, <100 min~"' 1" 90 (74-97) 42 (25-61) 60 81 1.6
Negative 24-h balance 72 (55-85) 54 (39-69) 56 70 1.6
Negative cumulative balance 69 (52-83) 65 (50-78) 61 72 2.0
Cumulative balance<] 1 80 (64-90) 48 (33-63) 55 74 1.5

disease was also associated with first-day failure
(p=0.04). There were no statistically significant differ-
ences between the two groups in prealbumin level, res-
piratory compliance, or the prevalence of left ventricular
dysfunction. Although administration of diuretics was
associated with negative fluid balance, it was not asso-
ciated with weaning outcomes.

In multiple logistic regression models negative fluid
balance retained its predictive potential (of success) even
after adjusting for duration of mechanical ventilation and
presence of chronic obstructive pulmonary disease that
were also associated with outcomes in univariate analyses
(OR=2.9, 95% CI=1.1-7.6, for negative fluid balance
24 h prior; OR=3.4, 95% CI=1.3-8.7, for cumulative
negative balance). Although associated with weaning
outcomes in univariate analysis, the f/V, was not included
in the multivariate model because rapid shallow breathing
was used to identify weaning failure in our ICU (it is not
an entirely independent variable). Table 2 shows sensi-
tivities, specificities, positive predictive values, negative

predictive values, and likelihood ratios of negative fluid
balance and extubation success. Negative cumulative
fluid balance had similar predictive characteristics as f/V,.

All weaning attempts

There were no substantive differences when all BTs (i.e.,
multiple attempts for some patients who were initial
failures) were analyzed; fluid balance was consistently
associated with weaning outcomes when subsequent at-
tempts were also considered (data available upon re-
quest).

Discussion

This study demonstrates that fluid balance, a potentially
modifiable variable, is associated with weaning outcomes.
Weaning success was most often achieved as patients’
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cumulative fluid balance approached balance (i.e., be-
tween net +1 1 and inputs=outputs). Although adminis-
tration of diuretics was associated with achieving negative
fluid balance, it was not independently associated with
weaning outcomes.

When positive pressure ventilation is discontinued,
venous return increases [10] and may contribute to
weaning failure in some patients [14]. Since BTs were
stopped when patients developed subjective distress, ta-
chypnea, or oxygen desaturation, the precise cause of
weaning failure was not determined. A retrospective case
control study of patients undergoing cardiac surgical in-
terventions [15] found a statistically significant difference
in intraoperative fluid balance between patients who were
successfully weaned and those who required reintubation.
In addition, a relationship of weaning outcomes and fluid
balance in surgical ICU patients has been reported pre-
viously in abstract form [16]. Ours is the first completed
study, to our knowledge, that demonstrates an association
of fluid balance and weaning outcomes in critically ill
medical patients.

There are several weaknesses of the current study.
First, since ours is an “open-model” ICU, weaning did not
occur with a mandatory protocol. Although our clinicians
and respiratory therapists are guided by the protocol
presented above, it is possible that the first day of
weaning was delayed beyond when patients met criteria.
Practitioners’ bias could have affected the outcome if
fluid balance was a criteria used by some to determine
when to begin BTs. Second, the average number of BTs
per patient was relatively small (just more than two per
patient), and this therefore represents a group with rela-
tively few persistent weaning failures. These results

should be generalized cautiously to dissimilar ICU pop-
ulations. Third, fluid balance was determined at 12 p.m.
(midnight) for the previous 24 h whereas BTs occurred
the following morning. Subsequent changes in fluid bal-
ance (between midnight and the time of the BT) could
acutely impact weaning beyond that discernible with the
recorded balance. This shortcoming is most likely to af-
fect the relationship of 24-h fluid balance and outcome.
However, the consistent association of fluid balance and
weaning outcomes, irrespective of the duration of mea-
surement, suggests a more robust association.

There were no specific study-prescribed criteria for
treatment with diuretics. Care of patients in our ICU is
provided by five intensivists. In the recovery phase of
illness one intensivist “diureses until the blood urea ni-
trogen rises” while others do not share this approach. Our
study does not discern whether negative fluid balance is a
result of resolving pathophysiological processes that
eventuate in weaning success or is a direct result of
therapeutic interventions (i.e., administration of diuret-
ics). Also, even though APACHE II scores on the day of
weaning were not significantly different, it has not been
well-validated for use beyond ICU admission. Therefore
severity of illness and other factors not considered in our
multiple logistic regression model, such as airway com-
petence [5, 6] and sedation history [8, 17], may also affect
weaning outcomes. These limitations notwithstanding, the
observed relationship of fluid balance and weaning out-
comes merits replication at other centers. A prospective
randomized study would be required to determine whe-
ther therapeutic diuresis expedites liberation from me-
chanical ventilation.
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