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ABSTRACT

Objective: To ascertain the ideal number of B-lines on lung ultrasound for the diagnosis of weaning induced pulmonary
edema in ventilated patients.

Study Design: Prospective observational study.

Place and Duration of Study: Department of Medicine, Shifa International Hospital, Islamabad, from Jan to Aug 2020.
Methodology: All the patients over the age of 18 years who were on mechanical ventilation in a medical intensive care unit
were included in the study. The patients were given spontaneous breathing trials as a protocol for weaning from mechanical
ventilation. Lung ultrasound was performed on 4 points of anterior chest wall before and after spontaneous breathing trials.
Before and after spontaneous breathing trials counting of B lines was done on ultrasound of lung and comparison of increase
in B lines (Delta-B-lines) was done with reference diagnosis of weaning induced pulmonary edema diagnosed by intensivist
who was blinded to the results of lung ultrasound.

Results: The study included 42 patients including 23 (54.8%) men and 19 (45.2%) women. 14 cases failed spontaneous
breathing trials. Seven cases (16.7%) had weaning induced pulmonary edema. Delta-B-lines 26 diagnosed weaning induced
pulmonary edema with 100% accuracy. Out of the remaining seven patients with weaning failure but without weaning
induced pulmonary edema, 6 (28.6%) had Delta-B-lines 6. The ultrasound lung technique had a 100% sensitivity profile to
detect weaning induced pulmonary edema and a specificity of 77.78%.

Conclusion: The study indicates that Delta-B-lines >6 diagnosed the weaning induced pulmonary edema with the best
accuracy.
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INTRODUCTION

Critically ill patients who require invasive ventila-
tion may suffer from spontaneous breathing trial (SBT)
failure upon weaning from mechanical ventilation.!
The etiology of weaning failure is not very well under-
stood however, patients with pre-existing conditions
such as diabetes mellitus, chronic obstructive pulmo-
nary disease (COPD), cardiac dysfunction or hypoxe-
mia are associated with higher risk of weaning failure
during extubation.!? In critically ill patients on mecha-
nical ventilation, weaning failure is an independent
predictor of poor outcome.? Determining the reasons
for weaning failure are important to devise approp-
riate treatment and make weaning more successful.

During SBT, cardio-pulmonary interactions may
lead to an imbalance between cardiac preload and aft-
erload subsequently causing pulmonary edema known
as weaning induced pulmonary edema (WIPO).* WIPO
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is one of the most known treatable causes of weaning
failure, which is why the detection of WIPO is of para-
mount significance.

There are different invasive and noninvasive met-
hods of diagnosing WIPO. Pulmonary artery wedge
pressure measured during an SBT provides the direct
evidence of rise in hydrostatic pulmonary pressure.¢
Apart from the measurement of pulmonary artery
occlusion pressure, less invasive methods for detecting
pulmonary edema have been established.” The indirect
methods include evaluation of blood volume, rise in
B-type natriuretic peptide (BNP) level, elevation in the
filling pressure of the left ventricle at transthoracic
echocardiography (TTE) or expansion in lung water
in extravascular space.® These less invasive diagnostic
approaches are more appealing to the intensivist as
they are less time consuming and promptly establish
the diagnosis of WIPO.¢ Lung ultrasound is one of
the least invasive and most time effective methods to
establish the diagnosis of WIPO in patients with failed
weaning after invasive mechanical ventilation.”
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Lung ultrasound can establish the diagnosis of
WIPO by detecting multiple B-lines on imaging indica-
ting interstitial syndrome. Many researchers acknow-
ledge the role of lung ultrasonography in the detection
of pulmonary edema of hemodynamic origin.8° Num-
ber of B-lines has been correlated with N-terminal-pro-
BNP (NT-pro-BNP) in patients with shortness of brea-
th and with accumulation of water in extravascular
spaces of lungs.10

Although lung ultrasonography has never been
evaluated as the solitary diagnostic modality to detect
WIPO, however, considering the advantages of a
noninvasive technique over invasive diagnostic tools,
it makes sense to determine the effectiveness of using
lung ultrasonography in this regard. Hence, the cur-
rent study evaluated the use of lung ultrasonography
in detecting any changes in the frequency of B-lines
(Delta-B-lines) as an indirect method of diagnosing
WIPO. The purpose of this study was to determine the
ideal change in number of B-line (Delta-B-lines) that
could reliably establish the diagnosis of WIPO in pati-
ents who had SBT failure at the time of extubation.

METHODOLOGY

A prospective observational study was carried
out at the department of Critical Care Medicine at
Shifa International Hospital Islamabad, from January
to August 2020. The study was approved by the ethical
review board of Shifa International Hospital, Islam-
abad (IRB no. 009829-2020). A non-probability conve-
nience sampling technique was used to enroll patients.
The sample size was calculated using OpenEpi. By kee-
ping the incidence of WIPO as 27.4%,11,12 confidence
level of 85%, and a margin of error as 10%, a sample
size of 42 was determined.

Inclusion Criteria: Patients of both genders, on
invasive mechanical ventilation, meeting the criteria
for weaning and undergoing a planned SBT with pres-
sure support 5-8 cm of water, were included in the
study.

Exclusion Criteria: Patients below the age 18 years,
those with underlying malignancy or those with poor
cardiac echogenicity (mitral inflow can not be determi-
ned) were excluded from the study.

SBT was performed on a T piece or P-support of
5-8 cm of H?O. The duration of the SBT was at least 30
minutes or above. Those who completed the SBT succ-
essfully were extubated but followed for the next 48
hours. Treating intensivists had the authority to stop
SBT if not tolerated. The diagnosis of weaning failure

was made if SBT was stopped due to poor tolerance
or patient required reintubation within 48 hours of
extubating. Certain variables which included clinical as
well as biological variables were noted before an SBT
and after 30 minutes (sooner if SBT failed). Respiratory
rate, heart rate, oxygen saturation and blood pressure
were the clinical variables while arterial blood gas
analysis was recorded as a biological variable. Vari-
ables of Echocardiography were recorded at the time
of admission only to see baseline diastolic dysfunction
and left ventricular ejection fraction.

Lung ultrasound was performed before and after
an SBT, using the Mindray ultrasound device model
3C-5P 3.5 HZ convex probe. The primary investigator
saved the images of the lung ultrasound. The analysis
of lung ultrasound was based on BLUE protocol.
According to the protocol, B-lines were counted in
the short axis view of the ribs between the ribs, at
standardized four points of BLUE protocol. In case of
pneumonia, the counting of B-lines was made at the
nearest alternative points (flexible BLUE points). Probe
was applied to the same specific area. The duration of
each test was less than five minutes. Images were
saved and the number of B-lines and difference in
number of B-lines (Delta-B-lines) were counted. Refe-
rence diagnosis of WIPO was made by an intensivist
expert in lung ultrasound. The intensivist was not
informed of the objectives of the study to prevent bias.

The data analysis was performed using the statis-
tical package for social sciences (SPSS) version 26. The
study variables were presented using frequency and
mean with standard deviation. To determine the asso-
ciation of WIPO and the number of Delta-B-lines on
lung ultrasonography, chi square test was applied.
The p-value of <0.05 was kept as cut off for statistical
significance.

RESULTS

Forty-two study participants who fulfilled the
eligibility criteria were included in the study. There
were 23 (54.8%) male and 19 (45.2%) female patients.
The majority of the patients were between the ages of
sixty and eighty years. Echocardiography was done for
evaluation of baseline cardiac function in all patients.
Echocardiography results showed no diastolic dysfun-
ction in 33 (78.6%) patients while grade 1-2 diastolic
dysfunction was present in 9 patients (21.4%). Systolic
ejection fraction was more than 50% in 32 patients, 30-
50% in 8 patients and less than 30% in 2 patients. SBT
duration was 30 minutes in 37 (88.1%) patients while in
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five (11.9%) patients the duration for SBT was greater
than thirty minutes (Table-I).

Table-I: Sociodemographic and clinical characteristics of

Among the rest of seven patients who failed SBT
but without reference diagnosis of WIPO, the Delta-B-
lines were six (6) in four patients. WIPO was diagno-
sed with this profile in the 14 cases who failed SBT

séﬁ::’ﬁf;f;;lt?:;on' | o %) with a sensitivity of 100% and a specificity of 77.78%.
Gender Table-II: The association of weaning induced pulmonary
Male 23 (54.8%) edema and number of delta B lines on lung ultrasonography.
Female 19 (45.2%) WIPO Number of Delta B Lines (%) -
Age Groups Reference
2035 yea}:‘s 7 (16.7%) Do | O | L 28| 4[] O ke
40-59 years 8 (19.0% . 7
60-80 zears 25((59.5%)) Confirmed | -1 - ) - | - | - |00 <0.001
above 80 years 2 (4.8%) Not 3 14 | 13 2 3 ’
Diastolic Dysfunction Confirmed | (100) | (100) | (100) | (100) | (100)| ~ | ~
Not present 33 (78.6%)
Grade 1 or 2 9 (21.4%) DISCUSSION
Ejection Fraction Elevation in pulmonary artery wedge pressure
More than 50% 32 (76.2%) (PAWP) after a SBT remains the standard diagnostic
30-50% . 8 (19'00%) criterion for detection of WIPO. Changes in PAWP are
Less than 30% - p - 2 (4.8%) measured through pulmonary artery catheter (PAC).
Spontaneous Breathing Trial (SBT) Duration 3611 This techni L. : d iated ith
30 minutes 37 (88.1%) /0, que 1s invasive and associated wit
Greater than 30 minutes 5 (11.9%) complications such as arrhythmias, pulmonary infarc-
Spontaneous Breathing Trial (SBT) Outcome tion, catheter knotting and catheter entanglement with
Successful Extubation 28 (66.7%) other endovascular structures. Therefore, more recent-
Unsuccessful Extubation 14 (33.3%) ly, less invasive alternative methods for the diagnosis

Seven (16.7%) patients were confirmed diagnosis
of WIPO while 35 (83.3%) were not confirmed diag-
nosis of WIPO as shown in Figure.

Frequency of Confirmed Diagnosis of Weaning
Induced Pulmonary Edema (WIPO)

|

7 (16.7%) b,

® Confirmed
diagnosis of WIPO

® Not confirmed
diagnosis of WIPO

35 (83.3%)

Figure: Frequency of confirmed diagnosis of weaning induced
pulmonary edema (WIPO).

In 14 (33.3%) patients, there was SBT failure.
WIPO reference diagnosis was made in 7 (50%) cases
out of 14 cases. Delta-B-lines 26 diagnosed WIPO with
100% accuracy. In the WIPO patients, the increase in
the number of B-lines to =6 was noted in 7 cases with
reference diagnosis of WIPO. The number of Delta-B-
lines significantly correlated with the occurrence of
WIPO in patients (p <0.001) shown in Table-II.

of WIPO are being explored.

The remarkable rise in BNP or the NT-BNP levels
during a weaning trial is one of the indirect but reliable
methods to detect WIPO.>12 Another biological techni-
que to detect WIPO depends on hemoconcentration
induced during pulmonary edema resulting from the
passage of a significant amount of plasma throughout
the lung alveolar-capillary interface. Increase in hemo-
concentration, measured through elevation in hemo-
globin and/or plasma proteins helps in diagnosing
WIPO with certainty.’® Echocardiography can reliably
measure left ventricular filling pressure via Doppler
flow study of mitral inflow and annulus motion.
During WIPO, the increase in lung water outside the
vascular space is directly detected by thermodilution
technique that is transpulmonary.14

Lung ultrasound is a promising modality in being
noninvasive and quick. It detects interstitial syndrome
in the lungs that is the first stage of hemodynamic
pulmonary edema. The interstitial syndrome is diffuse
so it can be detected easily at the anterior chest wall
points thus detecting WIPO at an earlier stage.1516

The current study indicates that lung ultrasono-
graphy can accurately detect WIPO. Delta-B-lines of
equal to or more than six established the diagnosis of
WIPO. WIPO developed in half of the patients who
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failed SBT. In 2019, Frere et al revealed that out of the
33 cases that failed SBT,”” had WIPO. Among those
patients, 15/17 had B lines of 26. The authors conclu-
ded that Delta-B-lines 26 on four anterior points per-
mitted the diagnosis of WIPO.12 Half of the population,
who had SBT failure, also had WIPO, highlighting
WIPO as the most common cause of weaning failure.

Our study findings are supported by previous studies.
17-19

In a recent study by Bouhemad et al it was found
that lung ultrasound score was significantly associated
with risk of extubation failure (p=0.008).20 Yamaga et al
questioned the reliability of lung ultrasound for diag-
nosing WIPO. The author claimed that since several
B-lines could move quickly with lung sliding signs
because of tachypnoea, it might cause large variation
in the number of B-lines, as per intensivist. Therefore,
even though the ultrasonography is less invasive, the
reliability of the technique still needs further inves-
tigation.? As we know failure to wean is associated
with poor prognosis, detecting WIPO with reliability
prompts the initiation of its treatment, which results in
better results.?223

The current study indicated that weaning induced
pulmonary edema is a common occurrence in the
critically ill patients in our setting. Lung ultrasound is
a non-invasive tool, which can accurately detect deve-
lopment of WIPO in patients with the help of Delta-B-
lines. Prompt diagnosis and emergency treatment can
improve patient outcomes. Further large-scale multi-
center studies can ascertain these findings more accu-
rately.

CONCLUSION

The study indicates that Delta-B-lines > 6 diagnosed the
weaning induced pulmonary edema with the best accuracy.
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