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ABSTRACT

Background: Though early fluid resuscitation is the backbone of critical care
management, definite volume targets are not well defined. This study attempts
to establish an objective criteria using CFB and B-line score to predict
extubation outcomes. Materials and Methods: Patients undergoing
mechanical ventilation for >24hrs were enrolled. CFB, defined as total fluid
intake minus total output since intubation to the time of extubation was
calculated. Lung ultrasound was done to calculate B-line score before
extubation. Effect of these variables on extubation outcome was analysed.
Result: 26 of 80(32%) patients had extubation failure. CFB was significantly
higher in those who failed extubation (6166+2239.62ml versus
4443.75+£2401.47ml), p-value=0.004. The area under the curve for CFB to
predict extubation failure was 0.73(95%Cl:0.62-0.84) with optimal cut-off of
4567ml(sensitivity 73%, specificity 55.6%, p=0.016). B-line score was
significantly higher in the extubation failure group(8.42+4.20) compared to
those with successful extubation(5.61+3.14), p=0.001. Area under the curve for
B-line score to predict extubation failure was 0.7(95%CI:0.57-0.83) with a cut-
off score of 7(sensitivity 58%, specificity 91%, p=0.003). Combining
CFB>4567ml and B-line score>7 had a better predictability of extubation failure
than either indices alone (p=0.002). Conclusion: The study supports the
association of high CFB with adverse outcomes in the ICU. A higher CFB and
hence a higher B-line score is significantly associated with extubation failure
irrespective of diagnosis. Further studies are required to evaluate if active de-
resuscitation should be initiated when CFB and B-line score exceeds a certain
cut-off value to facilitate successful liberation from mechanical ventilation.

INTRODUCTION

Early fluid resuscitation to expand intravascular
volume and maintain organ perfusion is a
fundamental concept in the management of critically
ill patients.™! However, positive cumulative fluid
balance is known to be associated with increased
adverse outcomes in the critically ill.>*I Studies have
shown that excess fluids may induce organ
dysfunctions, prolong intensive care unit (ICU) and
hospital length of stay and even increase
mortality.®®  However, fluids are routinely
administered without a safety ceiling. Despite

evidence of harmful effects of overhydration, there
are no standardised methods to administer optimum
amount of fluid and targeted endpoints are not
specified. This can be attributed to limitations of
currently used volume assessment methods. !

A positive cumulative fluid balance leads to
increased capillary leak, increase in extravascular
lung water (EVLW), and decrease in lung
compliance and may result in respiratory failure in
the immediate post-extubation period.[? Not only the
lungs, congestion and increased venous pressure lead
to increased renal subcapsular pressure and lowered
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renal blood flow and glomerular filtration rate (GFR)
and other organ dysfunction. [

There are many studies that have tried to establish the
relationship between fluid balance and outcome of
weaning. Negative fluid balance 24 hours prior to
extubation and negative net cumulative balance since
intubation have been found to be independently
associated with successful weaning.'!l On the
contrary, positive fluid balance 24 hours before
extubation has also been linked to extubation
failure.l®!

Lung ultrasound used to detect B-lines has proven to
be a dependable tool to assess EVLW and quantify
lung congestion. These lines are appreciated on the
ultrasound as dynamic sliding lung comets. B-lines
are the radiological equivalents of an interstitial
syndrome secondary to pulmonary edema, interstitial
pneumonia or pneumonitis, or diffuse parenchymal
lung disease such as pulmonary fibrosis.F!

With this background, this prospective observational
study was planned to study the association between
cumulative fluid balance and extubation outcome.
We incorporated lung ultrasound to assess the
contribution of lung congestion versus other organ
dysfunction in extubation failure.

MATERIALS AND METHODS

This was a prospective observational study

conducted in a 34 bedded Intensive Care unit (ICU)

of Institute of Post Graduate Medical Education and

Research (IPGMER), Kolkata. All medical and

surgical patients above 12 years admitted in the study

period from January 2022 to December 2023

fulfilling inclusion criteria were enrolled.

Inclusion Criteria

1. Age >12 years

2. Invasive mechanical ventilation for >24hrs

3. Successful completion of spontaneous breathing
trial and hence having planned extubation

Exclusion Criteria

1. Age <12 years

2. Already intubated at the time of admission

3. Patients having unplanned extubation

4. Mechanical ventilation for <24hrs

5. Patients not giving consent

Baseline characteristics of all patients were recorded.

Cumulative fluid balance (CFB), defined as total

fluid intake minus total fluid output since intubation

to the time of extubation was calculated. Lung

ultrasound to calculate B-line score using the 28-

sector protocol,’%11 was done before extubation

using (ECUBE-8 LE USG Machine). Patients were

extubated after a successful spontaneous breathing

trial (SBT). SBT was performed as per hospital

protocol using either T-piece or pressure support

<8cm H20 with PEEP <5cm H2O in patients who

were ready to wean. Need for ventilatory support

again or death within 72 hrs was used to define

extubation failure. The reason for extubation failure

and time duration from first planned extubation was

recorded. Secondary outcomes in the form of
mortality and ICU/hospital length of stay were
recorded.

Statistical analysis: Statistical analysis was done
using Statistical Package of the Social Sciences
(SPSS) version IBMSPSS 20. Data was summarised
by routine descriptive statistics, namely mean and
standard deviation for numerical variables and counts
and percentages for categorical variables. For normal
distribution, numerical variables were compared
between groups by Student’s independent samples t-
test. Fisher’s exact test or Pearson’s Chi-square test
was employed for intergroup comparison of
categorical variables. Statistical significance level
was set at p<0.05 for all comparisons. A value less
than 0.001 was assigned as highly significant.
Association between numerical variables were
explored through scatter plots and if the linearity
assumption was satisfied, strength of the association
was quantified by Pearson’s ‘r’ or Spearman’s Rho
coefficient, as appropriate. A cut-off value for the
cumulative fluid balance and B-line score that can
predict extubation failure with a high degree of
sensitivity and specificity through receiver operating
characteristic (ROC) curve analysis was also done.

RESULTS

80 patients who fulfilled inclusion criteria were
enrolled. 32% patients (26 of 80) had extubation
failure and required reintubation. Table 1 lists the
comparative characteristics of the study patients who
had extubation failure versus those with successful
extubation.

The difference in mean CFB between extubation
failure and success groups was statistically
significant (p-value=0.004) as shown in [Figure 1].
Though difference in CFB at 72 hours was not found
to be statistically significant (p=0.38), negative fluid
balance 24 hours prior to extubation was found to be
significantly associated with successful extubation
(p<0.001).

The difference in B-line score between the two
groups was found to be statistically significant (p-
value =0.001).

The area under the receiver operator curve (ROC) for
cumulative fluid balance to predict extubation failure
was 0.732 (95% confidence interval: 0.62-0.84) with
the best sensitivity and specificity obtained at a cutoff
value of 4567ml (sensitivity and specificity 73.08%
and 55.56% respectively). [Figure 2]. Significantly
higher percentage of patients in the failure group had
CFB >4567ml (73%) compared to that in the
successful group (44.4%), with a P-value=0.016.
The area under the ROC for B-line score to predict
extubation failure was 0.701 (95% CI: 0.573-0.829)
with the best sensitivity and specificity obtained at a
cutoff value of 7 (sensitivity 58% and specificity
91%) [Figure 3]. Significantly higher percentage of
patients in the failure group had B-line score >7

1135

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556



(58%) compared to that in the successful group
(30%), with a P-value=0.003.

Logistic regression was used to find the combined
effect of CBF (ml) and B-line score on extubation
outcome. The Omnibus model of coefficients showed
that combining CFB (>4567ml) and B-line score >7
had a better predictability of extubation failure than
either index used alone (p-value=0.002).

There was non-significant positive correlation
between CFB and B-line score, correlation

coefficient was 0.198, p-value=0.078. The regression
coefficient was positive for both CFB >4567ml and
B-line score >7 and the odds ratio was more than 1
for both showing the significant influence of these
variables on extubation outcome. [Table 2]
Regarding outcome, 85% (22) of the patients with
failed extubation died in the hospital (p<0.001). All
the patients with successful extubation were
discharged home.

Table 1: Comparative parameters between extubation failure and success groups

Parameter Extubation failure Extubation success p-value
Age (years) 51.03+20.78 46.9+18.17 0.294
Male 17(65%) 29(54%) 0.322
APACHE Il 36.8462+8.47911 26.1296+7.10314 <0.001
Duration of MV(days) 7.0000£3.42929 5.6481+3.53504 0.110
Source of admission

Ward 21 43 0.905
ER 5 11

Category

Medical 22 45 0.884
Surgical 4 9

Comorbidities

Sepsis 25(96%) 33(61%) <0.001
CAD 3(12%) 5(9%) 0.750
CKD 5(19.2%) 5 0.207
T2DM 11(42.3%) 12 0.063
HTN 12(46.2%) 20 0.436
AKI 19(73%) 14 <0.001
Type of SBT

PS-PEEP 6(23%) 14(26%) 0.783
T-piece 20(77%) 40(74%)

Length of stay (days)

ICU 16.31+6.44 8.22+4.14 <0.001
Hospital 18.00+6.69 11.39+4.46 <0.001
CFB(ml) 6165.96+2239.62 4443.75+2401.47 0.004
B-line score 8.42+4.20 5.61+3.14 0.001
Blood markers

Hb 8.95+1.81 10.01+1.95 0.02
Procalcitonin 11.90+4.43 4.04+2.74 <0.001
CRP 133.574+93.38 86.44+72.23 0.015

ER-emergency room, CAD-coronary artery disease, CKD-chronic kidney disease, T2DM-type 2 diabetes
mellitus, HTN-hypertension, SBT-spontaneous breathing trial, PS-PEEP-pressure support-positive end expiratory
pressure, AKl-acute kidney injury, APACHE-acute physiology and chronic health evaluation, CFB-cumulative

fluid balance, CRP-C-reactive protein.

Table 2: Correlation between CFB and B-line score

Independent factors Regression coefficient SE* Wald P-value Odd-Ratio(95% CI**)
Statistics

CBF 1.09 0.542 4.05 0.044 2.98(1.03-8.62)

B-line Score 1.32 0.520 6.44 0.011 3.74(1.35-10.35)

*S.E.- Standard error
**CI- confidence interval
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Figure 1: Mean cumulative fluid balance in extubation
failure and success groups
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Figure 2: Receiver operator curve (ROC) for
cumulative fluid balance to predict extubation failure
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Figure 3: Receiver operator curve (ROC) for B-line
score to predict extubation failure

DISCUSSION

Mean CFB was significantly higher in the extubation
failure group in our study. In a similar study by
Ghosh et al., mean CFB was significantly higher in
the patients with extubation failure with a p-value of
0.0362. This is consistent with earlier studies which
explored the association of negative net CFB with
successful weaning.[l A cut off value of 4567ml net
CFB was established above which extubation failure
could be predicted with good sensitivity and
specificity. The study by Ghosh et al. had established
a cutoff of 3490ml. The higher value in our study
could be explained by the fact that mean number of

days of mechanical ventilation was higher in our
study.

All patients with negative fluid balance 24 hours
prior to extubation had successful extubation. In an
earlier study by Frutos-vivar et al., they found that
positive fluid balance 24 hours prior to extubation
was an independent predictor of extubation failure. !
A higher B-line score in lung ultrasound (LUS) was
found to be significantly associated with extubation
failure in our study. Sonographic visualization of B-
lines is an excellent non-invasive method of assessing
lung water. It correlates well with EVLW which in
turn may be influenced by inappropriate fluid therapy
and higher cumulative fluid balance. The study by
Tenza-Lozano et al. found lung ultrasound scoring to
be a good predictor of extubation outcome with good
interobserver agreement.'? Similar conclusion was
drawn in the study by Yadav et al.'®] Wang et al. also
concluded that LUS score measured at the end of 60-
min SBT could be used to predict distress post-
extubation in patients with ARDS.' In our study we
could establish a cutoff value of 7 for B-line score
above which extubation failure could be predicted
with good sensitivity and specificity.

Use of diuretics was not found to be associated
significantly with extubation success in our study. Li
et al. in their study also found that the degree of
negative fluid balance was not associated with
extubation outcome.*™ They found that use of
diuretics rather than simple fluid restriction was in
fact associated with extubation failure. The use of
diuretics, thus, remains a matter of debate. Upadya et
al. in their study, found that giving diuretics led to
negative fluid balance but it did not affect outcomes
of weaning.["!

Among other parameters, presence of sepsis and AKI
were significantly associated with extubation failure.
96% patients in the extubation failure group had
sepsis/septic shock. This relationship was found to be
highly significant (p=0.001). According to literature,
approximately 80% of sepsis/septic shock patients
experience respiratory failure and require mechanical
ventilation.['s Moreover, when patients improve and
are extubated, approximately 19% experience
extubation failure.l!’1 The high proportion of
extubation failure among sepsis patients may be
attributed to fluid overload that follows resuscitation
often done in septic shock, the decline in kidney
function often seen in sepsis and uncommonly septic
cardiomyopathy.[*819 Presence of AKI has also been
found to be an independent predictor of extubation
failure in many earlier studies.?"

Presence of no prior comorbidity was found to
significantly predict extubation failure in our study.
In a recent meta-analysis by Torrini et al, history of
prior cardiac or respiratory disease was significantly
associated with extubation failure.?!! In the study by
Ghosh et al., presence of chronic kidney disease and
chronic neurological disease was found to be a risk
factor for extubation failure.?

The most common cause of extubation failure in this
study was poor Glasgow Coma Scale (GCS) score.
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Previous studies have shown that in medical patients,
the most common reasons for re-intubation are
respiratory distress due to either primary respiratory
failure or secondary causes such as congestive heart
failure, hemodynamic instability, airway obstruction,
inability to clear airway secretions, or altered mental
status.2%

Significant elevation of procalcitonin and also C-
reactive protein was seen in the group with
extubation failure. This correlates with our finding of
more extubation failures in patients who had sepsis.
This is in keeping with all earlier studies which found
more extubation failures in patients with sepsis.[617]
Mortality, length of stay in the ICU and hospital were
all significantly higher in the extubation failure
group. There is ample literature on the association of

these outcomes with extubation failure and
reintubation. 2223
CONCLUSION

The study establishes the association of high CFB
with adverse outcomes in the ICU. A higher CFB and
correspondingly, a higher B-line score is notably
associated with failure of extubation,
notwithstanding the diagnosis. We could establish a
cut-off value of 4567ml for CFB and 7 for B-line
score above which extubation failure could be
predicted. Further studies are required to evaluate if
active de-resuscitation in the form of fluid restriction
or diuresis should be initiated when CFB and B-line
score exceeds a certain cut-off value to facilitate
successful liberation from mechanical ventilation.
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