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Background Weaning-induced pulmonary edema (WIPO) is one of the commonest causes of weaning failure in
critical care. As ultrasound machine is an easy and available tool in critical care units that help to diagnose interstitial
lung syndrome by detecting B lines, it can be a handy method for diagnosis of WIPO.

Aim We aimed to detect the threshold of increase in B lines (AB lines) that can accurately diagnose WIPO.

Methods This is a prospective observational study carried on 52 mechanically ventilated patients who were eligible
for weaning. Lung ultrasound was done before and after spontaneous breathing trial (SBT) to detect the increase in B

Results Among the first 52 SBT, 25 trials were failed. Twelve patients developed WIPO (23% of all SBT and 48% of
failing SBT). The best diagnostic accuracy for WIPO was a AB lines > 6. In these cases, a AB line > 6 has a sensitivity of
83.3%, a specificity of 82.5%, a positive predictive value of 58.8%, and a negative predictive value of 94.3% (area under
the curve =0.824, p<0.001). Low body mass index (BMI) and increased number of AB lines were independent predic-

Conclusion A ABlines> 6 has the best diagnostic accuracy for diagnosis of WIPO during SBT.

Keywords Spontaneous breathing trial, Weaning-induced pulmonary edema, Lung ultrasound, B lines

Introduction

Failure of weaning after mechanical ventilation occurred
in about 40% of patients due to many factors leading to
prolonged hospital stay and poor prognosis [1]. Tran-
sition from a positive pressure to a negative pressure
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ventilation increases preload and afterload and induces
myocardial ischemia leading to pulmonary edema.
Weaning-induced pulmonary edema (WIPO) is a com-
mon cause of weaning failure that can be treated if
detected early [2].

Elevation in pulmonary artery wedge pressure through
pulmonary artery catheter after a SBT remains the stand-
ard diagnostic criterion for detection of WIPO [3]. This
technique is invasive and associated with complications
such as arrhythmias, pulmonary infarction, and oth-
ers. Therefore, less invasive alternative methods for the
diagnosis of WIPO are being suggested. Other alterna-
tive biological markers that have been used during SBT
are as follows: (1) the increase in the B-type natriuretic
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peptide or the N-terminal B-type and natriuretic peptide
[4, 5], (2) hemoconcentration that is induced during pul-
monary edema by the filtration of a significant volume
of plasma throughout the pulmonary alveolo-capillary
barrier, and (3) the increase of plasma protein concen-
tration greater than 6% [6]. However, these biological
markers lack the ability to quantify the elevation LV fill-
ing pressure and to identify the unrelated mechanisms.
Lung ultrasound can replace the pulmonary artery occlu-
sion pressure measurement as a less invasive method for
diagnosis of pulmonary edema in critically ill patients. It
detects B lines that allow the diagnosis of interstitial lung
syndrome which is the early stage of hemodynamic pul-
monary edema [7, 8]. B lines have been correlated with
NT-proBNP in breathless patients and with extravas-
cular lung water accumulation [4]. To the investigators’
knowledge, very few studies investigated the diagnostic
accuracy of B lines for diagnosis of WIPO. We aimed to
detect the threshold of increase in B lines (AB lines) that
can accurately diagnose WIPO and to investigate the fac-
tors contributed to WIPO during SBT.

Methods

This is a prospective observational study that was con-
ducted in the critical care unit of a university-affiliated
hospital during the period between May 2021 and May
2022.

Inclusion criteria

Adult patients> 18 years on invasive mechanical ven-
tilation who met criteria for weaning and underwent a
planned SBT for 30-120 min were enrolled. The criteria
for weaning according to the recommendations are as
follows: (1) improvement or partial improvement of the
underlying causes of acute respiratory failure, (2) patient
is conscious enough to protect airways, (3) the needed
inspired oxygen fraction is below 0.5, (4) the needed
positive end-expiratory pressure (PEEP) is below 5-cm
H20O, the (5) absence or the need of the lowest dose of
vasopressor and/or inotropic drugs, and (6) a rapid shal-
low breathing index <105 (supplementary data 1) [3].
The patients were grouped into two groups according to
development of WIPO.

Exclusion criteria
Patients with poor lung ultrasound and/or echocardio-
graphic window were excluded from the study.

Data of the patients

Data collected before SBT includes patient demograph-
ics, smoking history, medical comorbidities (diabetes
mellitus, hypertension, ischemic heart disease, obesity, or
chronic kidney disease), indication for MV, mode of MV,
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and duration of MV, patient’s outcome, and duration of
hospital stay.

Physical examination includes vital signs, and body
mass index (BMI) was recorded. Rapid shallow breath-
ing index (respiratory rate/tidal volume) was calculated
at time of SBT. Laboratory investigations include basal
metabolic profile, and arterial blood gases (ABG) were
recorded.

Volume state was assessed by urine input and output
chart, central venous pressure measurement, and point-
of-care ultrasound (POCUS).

Echocardiography data

Echocardiography was done using the Philips HD5 ultra-
sound (USA, 2013). The echocardiographic data includes
the left ventricular ejection fraction (EF) which was
assessed by M-mode. The left ventricular diastolic func-
tion was assessed by measuring velocities of the mitral E
and A waves and the e/ wave of the external mitral annu-
lus and by calculating the E/e’ ratio. Echocardiography
was done before and after an hour of the SBT.

Lung ultrasound data

Lung ultrasound was done using SonoScape E2 with 2-
to 4-MHz convex probe, (China) according to the BLUE
protocol [3]. The number of B lines was counted in the
anterior chest between two ribs at the four standardized
BLUE points. The probe was applied at the same point
after SBT. Images were recorded, and the change in the
number of B lines (4B lines) was calculated. Lung ultra-
sound was done before and after an hour of the SBT.

Spontaneous breathing trial

SBT was performed with PS mode. The maximum
duration for an SBT was set at 2 h. The failure of SBT
was defined as the development of dyspnea, an oxygen
desaturation, hypercapnia, respiratory rate>35 bpm,
heart rate>140 bpm, systolic arterial pressure<90
or > 180 mmHg, significant change of mental state, and/
or signs of increase work of breathing [9]. Cases with
failure of SBT were reconnected to the ventilator. The
patients who passed the SBT safely were extubated.

Diagnosis of weaning-induced pulmonary oedema (WIPO)
The diagnosis of WIPO was made by an expert intensivist
on criteria of increase of plasma proteins: hematocrit/A
ratio and E/e’ ratio. The intensivist was not informed
about the results of the study to prevent bias.

Statistical analysis

Data was coded and entered using the statistical pack-
age SPSS (Statistical Package for the Social Science; SPSS
Inc., Chicago, IL, USA) version 22. Data was summarized
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using mean and standard deviation in quantitative data
and using frequency (count) and relative frequency (per-
centage) for categorical data. Comparisons between
WIPO cases versus cases without WIPO were assessed
by a two-tailed Student’s ¢-test, a x> test, or a Mann—
Whitney U-test, depending on the data distribution.
Comparisons between patients’ data before versus at the
end of SBT were assessed by a paired Student’s ¢-test or
a Wilcoxon signed rank-sum test depending on the data
distribution. Comparisons between quantitative vari-
ables were made using the nonparametric Mann—Whit-
ney tests. For comparison of serial measurements within
each patient in each group, the nonparametric Wilcoxon
signed-rank test was used. For comparing categorical
data, chi-square test was performed. Exact test was used
instead when the expected frequency is less than 5. A
receiver operating characteristic (ROC curve) was con-
structed with the area under curve analysis performed
to detect the best cut-off value of AB lines for diagnosis
of WIPO. Logistic regression analysis was used to deter-
mine the predictors for WIPO. p-values less than 0.05
were considered as statistically significant.

Ethical consideration

The study was approved by the faculty’s ethics committee,
and permission was obtained from the ethics committee
who assured that confidentiality would be maintained
and ethical principles would be followed. Patients who
met the eligibility criteria were informed about the study,
and their consents were obtained before the start of the
study.

Results

Patients’ demographics and clinical characteristics

We recruited 52 mechanically ventilated patients who
were eligible for weaning. They were divided into 2
groups: group 1 included 12 patients who were diagnosed
as WIPO, while the second group included 40 patients
without WIPO. The demographic and clinical charac-
teristics of patients in both groups were described in
Table 1.

Most of our patients were males: 32 (80.0%) in patients
without WIPO and 6 (50.0%) in patients with WIPO with
statistically significant difference (p=0.05). There were
no significant differences between the groups regard-
ing age, smoking, and associated co-morbidities. Thirty-
seven patients (71.2%) were obese with significantly
higher BMI in patient without WIPO (p=0.037).

Data of MV

COPD exacerbation was the most common cause of
mechanical ventilation in both groups (25%, 40%, respec-
tively). COPD was the cause of ventilation in 44% of
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patients with failure of weaning. ARDS was the second
cause of mechanical ventilation in patients with WIPO
with significant difference (25%, p=0.01). The most com-
mon mode of ventilation in WIPO patients was AC (vol-
ume): 83.3% (p=0.01).

Incidence of WIPO

Among the 52 SBT, 25 trials failed. Twelve WIPO
occurred, i.e., the incidence of WIPO was 23% of all SBT
and 48% of failing SBT as shown in Fig. 1.

All cases of WIPO led to SBT failure. Respiratory
exhaustion was the cause of weaning failure in the other
patients.Twenty-nine patients without WIPO (72.5%)
had simple weaning, while the rest of patients had respir-
atory weakness that prolonged their weaning.

Data during SBT

Heart rate showed significant increase following SBT
in both groups with statistically significant difference
between both groups (p=0.0001). The mean arterial BP
decreased in both groups with no statistically significant
difference (p =0.609, 0.481, respectively).

The mean of respiratory rate increased significantly
from (16.17+4.63) to (22.0£4.41) in patients with
WIPO and from (14.925+2.291) to (15.22542.833) in
patients without WIPO with statistically significant dif-
ference between the 2 groups (p=0.0001).

As regard the changes in arterial blood gases in
patients with WIPO following SBT, there was a signifi-
cant decrease in PH from 7.36+0.043 to 6.99+1.15.
Oxygen saturation and PO, also showed a marked
decrease (p=0.002). Carbon dioxide showed an insignifi-
cant increase following failure of SBT (p=0.157). There
were statistically significant differences between the two
groups regarding PH, O2 saturation, and PO2 (p=0.002,
0.0001, and 0.001, respectively) as shown in Table 2.
Hemoglobin, hematocrit, and plasma proteins increased
in WIPO significantly (p=0.0001, 0.002) in comparison
with group without WIPO.

Characteristics of echocardiography at the end of SBT
There were insignificant changes in the LV systolic func-
tion, while 58.3% of patients with WIPO had diastolic
dysfunction. The E/e’ ratio increased during SBT signifi-
cantly in cases of WIPO (p =0.003).

Characteristics of lung ultrasound during SBT

Before the SBT, the average number of total B lines was
543 in cases with WIPO and 3+2in cases without
WIPO (p=0.0001). The mean of B lines increased sig-
nificantly to 11+4 in patients with WIPO during SBT
(p=0.005) (Fig. 2).
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Table 1 Clinical characteristics of studied patients
All patients WIPO Non-WIPO p-value
(n=52) (n=12) (n=40)
Age (years, mean = SD) 52635415556 53.50%15.969 52.38+16.020 0.786#
Gender (n, %)
Male 38 (73.1%) 6 (50.0%) 32 (80.0%) 0.05*
Female 14 (26.9%) 6 (50.0%) 8 (20.0%)
Smoking 26 (68.4%) 5 (41.7%) 21 (52.5%) 0372
BMI (kg/mz, mean % SD) 31.79+£4.90 29.750£5.2245 32400£4.8294 0.037#*
<30 15 (28.8%) 8 (66.7%) 7(17.5%) 0.002*
>30 37 (71.2%) 4 (33.3%) 33 (82.5%)
Comorbidities
COPD 21 (40.4) 3(25.0%) 18 (45.0%) 0.184
Diabetes mellitus 30(57.7) 5(41.7%) 25 (62.5%) 0171
Hypertension 22 (42.3) 3(25.0%) 19 (47.5%) 0.147
IHD 10(19.2) 3 (25.0%) 7 (17.5%) 0418
CKD 19 (36.5) 2(16.7%) 17 (42.5%) 0.09
Reason for ventilation
Severe pneumonia 10(19.2%) 2 (16.7%) 8 (20.0%) 0.582
Septic shock 3(5.8%) 1(8.3%) 2 (5.0%) 0.553
Coma 2 (3.8%) 0 (0%) 2 (5.0%) 0.588
Cardiac arrest 6 (11.5%) 0 (0%) 6 (15%) 0.189
COPD/asthma 19 (36.5%) 3(25%) 16 (40%) 0277
Hypovolemic shock 1(1.9%) 0 (0%) 1(2.5%) 0.769
ARDS 3(5.8%) 3(25%) 0 (0%) 0.01*
Other 9(17.3%) 4 (33.3%) 5(12.5%) 0.111
Outcome
ICU mortality
Died 10 (19.2%) 5(41.7%) 5(12.5%) 0.03*
Discharge 42 (80.8%) 7 (58.3%) 35 (87.5%)
Duration of hospital stay
Days, mean +SD 841+£3414 12.00+4.200 7.344+2.262 0.0001#*
Mode of initial ventilation
SIMV 22 (42.3%) 2 (16.7%) 20 (50.0%) 0.01*
AC 30 (57.7%) 10 (83.3%) 20 (50%)
Duration of ventilation 4.73+£2.598 59243.753 438+2072 0.128#
RSBI 94.8462 +8.56 92.0000+6.16 95.7000+9.04 0.080
Simple weaning
Yes 29 (55.8%) 0 (0%) 29 (72.5%) 0.0001*

AC(V) Assist control(volume), AC(P) Assist control(pressure), ARDS Acute respiratory distress syndrome, BMI Body mass index, CKD Chronic kidney disease, COPD
Chronic obstructive pulmonary disease, CPAP Continuous positive airway pressure, ICU Intensive care unit, IHD Ischemic heart disease, PS Pressure support, RSB/ Rapid

shallow breathing index, SIMV Synchronized intermittent mandatory ventilation
# Mann-Whitney U-test and others: chi-square test. *P-value is significant if < 0.05

ROC curve to detect the optimum cut-off values of AB lines
for diagnosis of WIPO (Table 3)

ROC curve was analyzed to detect optimal cut-off values
of delta B lines for diagnosis of WIPO. Area under the
curve (AUC) of delta B lines was 0.824. The best accu-
racy for diagnosis of WIPO was reached when the delta
B lines were > 6. In these cases, a delta B lines > 6 allowed

the diagnosis of WIPO with a sensitivity of 83.3%, a spec-
ificity of 82.5%, and a positive predictive value of 58.8%
and a negative predictive value of 94.3%. Among the 12
cases with WIPO, a delta B lines > occurred in 9 cases
(75% of cases). Among the 12 cases with SBT failure
but without WIPQO, a delta B lines > 6 occurred in three
cases (25%). While in the 27 cases with SBT success, it
occurred in two cases (2.4%).
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W weaning induced
pulmonary edema
m Non weaning induced
pulmonary edema
Fig. 1 Frequency of confirmed diagnosis of weaning-induced pulmonary edema (WIPE)
Table 2 Evaluation of variables during the SBT in patients with and without weaning-induced pulmonary edema
Cases with WIPO P1 Cases without WIPO P2 P3
(n=12) (n=40)
Before SBT After SBT Before SBT After SBT
HB 11.824£1.95 12.04+£1.94 0.0001* 11.9+£2.10 12.04£2.20 0.109 0974
HCT 4240+£2.51 4294257 0.0001* 4252+261 42601270 0.109 <0.001
Plasma protein (g/L) 5144 57+7 0.002* 58+9 59411 0.02* <0.001
HR 89.33+8.71 106.58+9.05 0.0001* 83.324+12.058 8838+ 11.462 0.002* 0.0001*
Respiratory rate 16.17 +£4.63 220£441 0.003* 14.92542.291 1522542833 0.963 0.0001*
MAP 89.72+7.44 86.94+9.79 0.609 9142+649 89.32+8398 0.206 0481
ABG
PH 7.36£0.043 6.99+1.15 0.113 7.391£0.066 7.371£0.051 0.005* 0.002*
So2 91.92£2.06 83.17+3.74 0.002* 93.85£3.043 90.075£5.44 0.0001* 0.0001*
Po2 74.75+£4.37 60424542 0.002* 80.475+15.300 7342541228 0.003* 0.001*
Pco2 45.754+10.52 495+16.77 0.157 44.825+£13.82 46.825+£15.08 0.05% 0.556
EHCO
LVED 4508+0.1676 4.5625+0.597 0.801
LDESD 3.2667 £0.111 3.275£0.406 0.947
EF 61£25256 61262+1133 0.615
Diastolic dysfunction N & %
<1 7 (58.3%) 20 (50.0%)
>1 5(41.7%) 15 (37.5%)
>2 0 (0%) 5(12.5%)
E/A ratio 1.0+07 13+08 0.609 13408 1.34+09 0.206 0481
E/é ratio 91431 105+£3.6 0.003* 9.1£45 92+44 0.973 0.0001*
Blines 4.667 +2.8391 10.67+3.75 0.005* 2.85£2.26 4.875+3.94 0.0001* 0.0001*
Delta B lines 6.167 £3.2706 2025£25 0.0001*
Mean % SE
(2.03£0.40)

ABG Arterial blood gases, EF Ejection fraction, MAP Mean arterial blood pressure, HB Hemoglobin, HCT Hematocrit, HR Heart rate, LVED Left ventricle end diastolic
dimension, LDESD Left ventricle end-systolic dimension

P1 (before & after SBT in patients with WIPE) Wilcoxon sign test

P2 (before & after SBT in patients without WIPE), Wilcoxon sign test
P3 (after SBT in patients with and without WIPE)
P3in all: Mann-Whitney U-test except #(diastolic dysfunction), Fisher’s exact test

" P-value is significant if < 0.05
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Fig. 2 The changes in number of B lines in patients with weaning-induced pulmonary edema

Table 3 ROC curves to detect the optimum cut-off values of delta B lines for diagnosis of weaning-induced pulmonary edema

Criterion Sensitivity Specificity +LR —LR Positive predictive Negative
value predictive
value

>0 100.00 0.00 1.00 23.1

>0 8333 47.50 1.59 0.35 323 90.5

>1 8333 55.00 1.85 0.30 35.7 917

>2 8333 67.50 2.56 0.25 435 93.1

>3 8333 72.50 3.03 0.23 47.6 93.5

>4 83.33 80.00 4.17 0.21 556 94.1

>6 8333 82.50 4.76 0.20 58.8 94.3

>7 4167 97.50 16.67 0.60 833 84.8

>8 16.67 97.50 6.67 0.85 66.7 79.6

>9 833 100.00 092 100.0 784

>11 0.00 100.00 1.00 769

ROC curves to detect the optimum cut-off values of AB
lines to predict failure of weaning (Fig. 3)

When the analysis by ROC was performed by consid-
ering the success or failure of weaning, a cut-off value
for the increase in B lines after SBT was>6 with a
p-value of 0.003, AUC=0.741, sensitivity=68%%, and
specificity =85.2%.

Identification of independent predictors of WIPO

By logistic regression, mode of ventilation, duration of
ventilation, and COPD were not independent predic-
tors of WIPO (Table 4). The logistic regression analysis
showed that the obesity and AB lines > 6 were independ-
ent predictors of WIPO.

Discussion

The main findings of the current study are as follows:
(1) the incidence of WIPO was 23% of all SBT by lung
ultrasound findings; (2) 58.3% of patients with WIPO

had diastolic dysfunction; (3) the E/e’ ratio increased
during SBT significantly in cases of WIPO (p=0.003);
(4) increase in B lines after SBT was > 6 with a p-value
of 0.003, AUC=0.741, sensitivity=68%, and speci-
ficity=85.2%; and (5) low body mass index and AB
lines > 6 were independent predictors of WIPO.

WIPO is a well-known cause of weaning failure in
mechanically ventilated patients, but its incidence var-
ied in literature from 20 to 40% [2, 6, 9]. Early predic-
tion and diagnosis of WIPO will decrease the incidence
of weaning failure.

In the current study, WIPO was responsible for about
half cases of weaning failure (48%) and occurred in 23%
of all SBT. This finding coincides with the results of the
previous studies [5, 10—12]. The results of our previous
studies confirmed that WIPO is a recognizable cause of
weaning failure. Intensivists should carefully look for it
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Fig. 3 ROC curves to detect the optimum cut-off values of delta B lines for predicting failure of weaning
Table 4 Logistic regression analysis for the most important predictor factors of weaning-induced pulmonary edema
Variable B SE Wald df Sig Odds ratio 95% Cl for EXP (B)
Lower Upper
BMI categories —4417- 2018 4793 1 0.029*% 0.012 0.0001 0.630
(reference group; < 30)
>30
COPD —2.580- 1.808 2.036 1 0.154 0.076 0.002 2622
(reference group; normal)
COPD
Duration of ventilation 0427 0.291 2.160 1 0.142 1.533 0.867 2.710
Fluid balance 41.73 0.001 2 1.000
(reference group; normal)
1 fluid overload 1.071 8 0.001 1 0.980 2917 0.0001
2 dehydrated —18414- 1.350 0.000 1 0.999 0.0001 0.0001 9.821
Delta B lines 0.925 0432 4579 1 0.032* 2.521 1.081 5.882
Constant —3.712- 2811 1.744 1 0.187 0.024

*= p value is significant
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when they encounter a patient who fails SBT by using
simple informative method as lung ultrasound.

Echocardiography represents a quantitative method
of pulmonary artery occlusion pressure (PAOP). Lateral
E/E’ value < 8 is consistent with a PAOP < 18 mmHg [13].
Higher E/e’ ratios have been documented in patients
with WIPO [14, 15] which is in agreement with the cur-
rent results. In addition, echocardiography can detect
the possible mechanisms of WIPO, such as SBT-induced
mitral regurgitation, and identify associated cardiac dis-
ease that may increase LV filling pressures during SBT. In
spite of all these values, it requires specific training and
is affected by the quality of image. In addition, the cut-
off values of diastolic dysfunction for diagnosis are still
debatable [16].

Benefits of lung ultrasound in critical care have been
documented by many studies [17-19]; however, only few
studies investigated its role in diagnosis of WIPO [20].
Lung ultrasound represents a promising method in diag-
nosis of WIPO as it can detect the early stage of hemo-
dynamic pulmonary edema before clinical and laboratory
tests. The interstitial lung syndrome is diffuse so it can be
detected easily at the anterior chest wall points without
need to examine posterolateral areas where B lines may
present due to other causes in critically ill patients or in
normal subjects [20, 21].

It well known that one B line is normal, while three B
lines (or more) indicate hemodynamic pulmonary edema
[22]. Frere et al. made the hypothesis that pre-lung rock-
ets (the pattern of two B lines) may be an early stage of
pulmonary edema [20]. Also, he suggested that detec-
tion of B lines during a SBT had no differential diagnosis
other than WIPO [20]. On the other side, another study
claimed that since several B lines could move quickly
with lung sliding signs because of tachypnea, it might
cause large variation in the number of B lines, as per
operator [23]. All these points raise the question about
the diagnostic accuracy of B lines in detecting WIPO.
As we agree that the increase in B lines during SBT is
explained only with WIPO, we evaluated the change in B
lines (delta B lines) not the absolute B line after the SBT.

The threshold providing the best diagnosis accuracy
was an increase of six B lines, i.e., 1 or 2 lines per BLUE
point. These finding are concordant with the result of
other studies [20, 23, 24].

Decreasing thoracoabdominal compliance and abnor-
mal diaphragmatic position as a complication of obesity
could lead to increasing the work of breathing and dif-
ficulty in weaning from ventilatory support. Also, obe-
sity reduces functional residual capacity and expiratory
flows and increases airway resistance that may lead to
weaning-induced pulmonary edema [25]. The impact of
obesity on weaning failure has been debatable. One of
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the study concluded that obesity does not affect weaning
or survival outcomes in patients with ventilator-depend-
ent respiratory failure [26]. In contrast to another study
which showed that obesity was independent risk fac-
tor of WIPO [14], our study showed that the majority of
patients (66.7%) with WIPO were not obese and logistic
regression showed inverse relation between body mass
index and weaning induced pulmonary oedema. This can
be attributed to the small sample size and the impact of
other factors on weaning and its complications.

The incidence of myocardial ischemia as a cause of
weaning failure was very different among previous pub-
lications ranging from 6 to 50% [27-29]. In our cohort,
25% of WIPO patients had a history of ischemic heart
disease; however, we did not report any significant
changes in ECG either before or during SBT. Myocar-
dial ischemia was reported as the main mechanism of
cardiac failure during weaning but usually with no sig-
nificant ECG changes [29] and without any increases in
troponin 1 [12]. This may highlight that ECG and tro-
ponin are insensitive tools to detect ischemia during SBT.
The diastolic dysfunction that is usually associated with
ischemic insults is detected easily by echocardiography.
In our cohort, 58.3% of patients with WIPO had diastolic
dysfunction, and the E/e’ ratio increased during SBT sig-
nificantly in cases of WIPO. This supports that WIPO
could be an oxygen-work mismatch that leads to weaning
failure.

COPD was the commonest cause of mechanical ven-
tilation in our patients. One-fourth of our patients with
WIPO had COPD. However, our results did not show
COPD as a predictor for WIPO. Indeed, few previous
studies investigated the association between COPD as a
risk factor and the development of weaning-induced pul-
monary edema [2, 12, 27]. COPD causes negative swing
in intrathoracic pressure during SBT increasing possibil-
ity of cardiac dysfunction and WIPO [2, 27]. Also, the
chronic right ventricular failure of these patients may
aggravate biventricular interdependence [30, 31].

It could be predictable that WIPO is preload independ-
ent [11], and fluid removal could decrease the incidence
of WIPO [12]. It was shown that fluid removal, chang-
ing the passive leg-raising test from negative to posi-
tive in cases of WIPO, achieved the success of the next
SBT. While when the passive leg-raising test remained
negative, most of the patients failed the next SBT. How-
ever, another study did not demonstrate any correlation
between higher fluid balance and WIPO [32]; this could
be related to the cohort characteristic of that study. Most
of our patients were euvolemic, and WIPO occurred in
overloaded patients. However, logistic regression failed
to show that fluid balance as an independent predictor of
SBT failure which is supported by other studies [33, 34].
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In conclusion, our study confirmed the important role
of lung ultrasound in diagnosis of WIPO by detecting
the increase of B lines of more than 6 lines. However, the
interpreter reliability of the technique still needs further
investigation. This study is not without flaws. Limitations
include the following: it was a single-center study that
included medical patients with certain indications for
mechanical ventilation. The impact of obesity should be
clarified with larger sample size.
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